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Geometric Feature Extraction ®)
for Detecting Carcinoma in Three e
Dimensional MR Images Through

Machine Learning Algorithms

F. Amul Mary and S. Jyothi

Abstract Quantitative analysis of Anatomical structures in CT scan and MRI scan
images using Artificial Intelligence (AI) techniques requires extraction of physical
features, be it geometric or parametric, pertaining to Volumes and shapes of some
parts of the human body. Anatomical features of a human body could be visualized
as spatial distributions of basic geometric features like points, straight lines, curves,
surfaces, textures an_d skeleta. To detect superficial and volumetric features of three
dimensional images are always been a difficult task. There is certain amount of
progress made in this area and found in the literature. The above said problem is
addressed in this paper and some of the Machine Learning Algorithms are proposed
to detect edges and skeletal of three dimensional images. These features lead to
detection of tumours, either benign or malignant [1, 2].

Keywords Machine learning algorithm - 3D image processing - Feature
extraction * 2.5D processing * 3D processing

1 Introduction

Processing three dimensional images has always been a subject of interest owing to
various requirements in medical imaging, subsurface seismic imaging, solid mod-
eling, and Computer Aided Design. Spectral domain techniques and spatial domain
techniques are the two major approaches adopted in solving problems related to 3-D
image processing, pattern recognition and analysis and 3-D printing, to name a few.
Recently there has been an urge to make use of Artificial Intelligence and Machine
Learning in processing and classification of medical images. More precisely, 3-D
medical images like MR and CT scan images are being analysed for locating tumors
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in various parts of the human body. Moreover, it has become a dire necessity to judge
whether a tumor is benign or malignant. By the time it is concluded that the tumor is
malignant, the patient goes to the fourth stage of cancer and it turns out to be a ter-
minal disease for the patient. With advancement in basic sciences and technology, it
should be possible to predict well in advance the possibility of a tumor turning out to
be malignant. In such cases, Artificial Intelligence and Machine Learning techniques
have been found to be more reliable, provided data available is genuine.

In this context, it is imperative to precondition image data so that such predictive
techniques work with a high level of credibility and robustness. All these amount
to saying that the inputs to be given to the Al (Artificial Intelligence) engine are all
genuine. An Al engine admits two types of inputs (i) correlated data and (ii) raw and
uncorrelated data. Textual data need not be correlated, whereas spatial information
data like multidimensional images are highly correlated. It should be noted that an
image could also be represented as knowledge, which could be uncorrelated like a
csv (comma separated values) file.

This paper focuses on developing techniques for detecting geometric features
like edges and skeletal forms in medical images, especially in MR images. Quan-
tificational measures of these geometric features are used for prediction purposes.
Section 2 describes 2-D and 3-D algorithms for detecting edges and skeletal forms.
Section 3 demonstrates the application of the algorithms on a real time MR image
data called “Cetautomatix”. Section 4 provides statistical parametric values of the
original MR image and other processed versions.

2 Algorithms for Extracting 2-D and 3-D Edges and Skeleta

As outlined earlier, any Al based machine learning algorithm meant for data anal-
ysis or classification would invariably use features of the data under investigation.
Textual data, be it a raw data or a formatted data, is classified based on certain
parametric features like distance metric, eigen values, principal components and
statistical details. Spatial data like images which are totally neighbourhood corre-
lated are classified based on geometric features and their quantificational measures.
Alternatively, image data can also be viewed as uncorrelated textual data known as
knowledge, which could be used by classifiers.

This paper focuses on extraction of geometric features from 2-D and 3-D image
data. Edges and skeletal forms are two fundamental geometric features and their
measures are used by various classifiers.

2-D edge detection involves identification of edge pixels having maximum gradi-
ents [3, 4, 5]. The given 2-D digital image is segmented by threshold based quantiza-
tion scheme. Then the boundaries of quantized regions are extracted [6, 7]. Similarly,
3-D edge detection involves identification of edge voxels having maximum gradi-
ents. The 3-D digital image is segmented by a threshold based quantization scheme.
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Fig.1 2-D and 3-D scanning windows

At that moment boundaries of the regions are extracted. On the other hand, skele-
tonization is a boundary removal process, which is the complementary operation of
edge detection.

The 2-D and 3-D scanning windows used for the purpose of edge detection and
skeletonizationare shown in Fig. 1.

2-D edge detection algorithm

Gray images are the ones whose RED, GREEN and BLUE components of a pixel
are of the same value and this algorithm addresses processing of 2-D gray images
(8,9, 10, 11].

Algorithm

At every scanning position, the 3 x 3 sub image spanned by the five neighbourhood
scanning window is checked. Maximum and minimum values among the five pixels
are found. The gray distance D is calculated by subtracting the minimum value from
the maximum value. D is compared with a user defined threshold T, which decides the
segmentation of the image. A machine learning algorithm could evaluate T which
is image dependent. If D is less than or equal to T then the central pixel value is
assigned the value ‘0’. If D is greater than T then the scanning window is moved
to the next pixel. By doing this the boundary of the sub image covered by the 2-D
window is detected. This procedure is repeated for every pixel in the image. The
overall effect is edge detection of the image.

The pseudocode is given below
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Input: 2-D image, user defined threshold is T.
Output: Edge detected version of 2-D image.
Steps:
Step 1: Read 2-D data and place pixel values in 1-D array called
input_array.
Step 2: Copy input_array to output array.
Step 3: Repeat sliding the 5-neighbourhood window over the image
(input_array)
{
Step 3(a): find the Maximum Gray value GMax,
Step 3(b): find the Minimum Gray value GMin,
Step 3(c): find the difference D = GMax — GMin;
Step 3(d): if (D <= threshold) then assign zero value to the
central pixel in
output_array else slide the 5-neighbourhood
} until the scanning window spans the whole image.
Step 4: Pass the output array to display.

2-D Skeletonization Algorithm
Edge detection is boundary detection, where as skeletonization is boundary removal
operation [12, 13].

Algorithm

At every scanning position, the 3 x 3 sub image spanned by the five neighbourhood
scanning window is checked. Maximum and minimum values among the five pixels
are found. The gray distance D is calculated by subtracting the minimum value from
the maximum value. D is compared with a user defined threshold T, which decides
the segmentation of the image. A machine learning algorithm could evaluate T which
is image dependent. If D is less than or equal to T then all the five boundary pixel
values are assigned the value ‘0’. If D is greater than T then the scanning window
is moved to the next pixel. By doing this the boundary of the sub image covered by
the 2-D window is deleted. This procedure is repeated for every pixel in the image.
The overall effect is one boundary removal of the image. Repeated application of
this procedure causes removal of all boundaries that yield 2-D skeletal form.

The pseudocode is given below
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Input: 2-D image, user defined threshold is T.
Output: Skeletal form of 2-D image
Steps:
Step 1: Read the 2-D data and place pixel values in 1-D array called
input_array
Step 2: copy input_array to output_array
Step 3: Repeat sliding the 5-neighbourhood window over the image
(input_array)
{
Step 3(a): find the Maximum Gray value GMax;
Step 3(b): find the Minimum Gray value GMin;
Step 3(c): find the difference D = GMax-GMin;
Step 3(d): if(D <= threshold) then assign zero value to all five
boundary pixels in output array else slide the 5-neighbourhood
} until the scanning window spans the whole image
Step 4: subtract output_array from input_array
Step 4(a): if results of subtraction is not ‘0’
then copy output_array and repeat stepl to step 4
else output_array is treated as output image.
Step 5: Pass the output_array to display

3-D edge detection algorithm

MR images are gray images and hence RED, GREEN and BLUE components of
a voxel are of the same value and this algorithm addresses processing of 3-D gray
images [14, 15, 16, 17, 18].

Algorithm

At every scanning position, the 3 x 3 x 3 sub image spanned by the seven neigh-
bourhood scanning window is checked. Maximum and minimum values among the
seven voxels are found. The gray distance D is calculated by subtracting the mini-
mum value from the maximum value. D is compared with a user defined threshold
T, which decides the segmentation of the 3-D image. A machine learning algorithm
could evaluate T which is image dependent. If D is less than or equal to T then all the
seven voxel values are assigned the value ‘0°. If D is greater than T then the scanning
window is moved to the next voxel. By doing this the boundary of the sub image
covered by the 3-D window is detected. This procedure is repeated for every voxel
in the image. The overall effect is edge detection in the 3-D image.

The pseudocode is given below
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Input: 3 - D image, user defined threshold is T
Output: Edge detected version of 3-D image
Steps:
Stepl: Read the 3-D data and place the voxel values in 1-D array called
input_array
Step 2: Copy the input_array to output_array
Step 3: Repeat sliding the 7-neighbourhood window over the image
(input_array)
{
Step 3(a): Find the Maximum Gray value GMax;
Step 3(b): Find the Minimum Gray value GMin;
Step 3(c): Find the difference D = GMax — GMin;
Step 3(d): if(D <= threshold) then assign zero value to all seven
cells in
output_array; else slide the 7-neighbourhood
} until the 3-D window spans the entire 3-D image
Step 4: Pass the output_array to Volume Renderer () method.

3-D skeletonization algorithm
3-D Edge detection is boundary detection, where as 3-D skeletonization is boundary
removal operation.

Algorithm

At every scanning position, the 3 x 3 x 3 sub image spanned by the seven neigh-
bourhood scanning window is checked. Maximum and minimum values among the
seven voxels are found. The gray distance D is calculated by subtracting the minimum
value from the maximum value. D is compared with a user defined threshold T, which
decides the segmentation of the image. A machine learning algorithm could evaluate
T which is image dependent. If D is less than or equal to T then all six boundary
voxel values are assigned the value ‘0’ but the central voxel value is retained. If D is
greater than T then the scanning window is moved to the next voxel. By doing this
the boundary of the sub image covered by the 3-D window is deleted and central
voxel retained. This procedure is repeated for every voxel in the image. The overall
effect is one boundary removal of the image. Repeated application of this procedure
causes removal of all boundaries that yield ultimate 3-D skeletal form.

The pseudocode is given below
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Input: 3-D image, user defined threshold is T
Output: Skeletal form of 3-D image.
Steps:
Step 1: Read the 3-D image and place voxel values in 1-D array
called input_array,
Step 2: Copy input_array to output array;
Step 3: Repeat sliding the 7-neighborhood window over the
image(input_array) {
Step 3(a): find the Maximum Gray value GMax;
Step 3(b): find the Minimum Gray value GMin;
Step 3(c): find the difference D = GMax -GMin;
Step 3(d): if(D <= threshold)then assign zero value to
all six boundary voxels in output array and retain
central voxel value;
else slide the 7-neighborhood
} until the scanning window spans the whole image
Step 4: Subtract output_array from input_array
Step 4(a): if result of subtraction is not ‘0’,
then copy output_array to input_array and repeat Step
1 to Step 4
else output _array is treated as output image
Step 5: Pass the output_array to Display

For example, let us consider the 3-D edge detection algorithm and apply it on a
sample MR brain image shown in Fig. 2. The processed image clearly shows the
brain tumor at the centre of the brain.

In practice, 2-D algorithms are applied on a 3-D image slice by slice and the
processed slices assembled to present it as a 3-D image. The purpose of this paper
is to demonstrate the usefulness of applying 3-D algorithms on a 3-D image in one

MR image: Brainix
Source: osirix.com
Width: 256

Height: 256

Depth: 256

Image type: Gray image
MR System: 2 Tesla GE
MRI

Patient: Unknown
Preprocessing: Sectioned

Diagnosis: Brain tumor : s
Nature: Unknown MR image of a human

Result: Possibly brain brain centre
tumor

Fig.2 Tumor detected using 3-D edge detection algorithm
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go and present it a solid model. A real time MR image called “cetautomatix” is used
for verifying the algorithms given in Sect. 2 of this paper.

MR data details: MR Image

Name: Cetautomatix;

Source: osirix.com

Width: 256

Height: 256

Depth: 114,

3 Feature Extraction of 3-D images Using 2-D and 3D
Algorithms

2.5-D Processing of cetautomatix image
Figure 3 shows the original MR image of cetautomatix and its different views both
in gray and color.

2-D edge detection algorithm is applied on this image and the results shown in
Fig. 4

2-D skeletonization algorithm is applied on this image and the results are shown
in Fig. 5.

3-D Processing of cetautomatix image
3-D edge detection algorithm is applied on the image shown in Fig. 3 and the results
shown in Fig. 6.

3-D skeletonization algorithm is applied on the image shown in Fig. 3 and the
results shown in Fig. 7.

Gray Image Color Image Gray Image Color Image
(Front View) (Front View) (Rear View) (Rear View)

Fig. 3 MR image cetautomatix and different views
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2.5D contour 2.5D contour 2.5D contour 2.5D contour
Front view (T=40) Front view (40-100) Rear view Rear view (40-100)

Fig.4 2.5D edge detected cetautomatix image

2.5D skeleton 2.5D skeleton 2.5D skeleton 2.5D skeleton
Front view (T=40)  Front view (40-100) Rear view Rear view (40-100)

Fig. 5 2.5D skeletonized cetautomatix image

3D contour 3D contour 3D contour 3D contour
Front view (T=40)  Front view (40-100) Rear view Rear view (40-100)

Fig. 6 3-D edge detected cetautomatix image
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3D skeleton
Front view (T=40)

3D skeleton
Front view (40-100)

Fig. 7 3-D skeletonized cetautomatix image

3D skeleton
Rear view

F. Amul Mary and S. Jyothi

4 Comparative Analysis of 2.5-D and 3-D Feature
Extraction Algorithms

3D skeleton
Rear view (40-100)

Parameters Cetautomatix | 2.5-Dedge | 3-D edge 2.5-D 3-D
MR image detected detected skeletonized skeletonized

image image image image

Pixels count | 22509 27429 26937 28980 28500

Pixels 22503 27426 26905 26560 24581

without

black

Red Min 0 0 0 0 0

Red Max 255 255 255 255 255

Red Mean 103.519 67.3649 102.1479 65.709 42.0808

Red standard | 68.870 48.0589 60.254 79.216 47.0709

deviation

Red median | 104 54 98 16 30

Red total 22509 27429 26937 28980 28500

count

Green Min 0 0 0 0 0

Green Max 255 255 255 255 253

Green mean | 103.519 13.6949 38.257 30.5839 18.4607

Green 68.870 34.687 56.325 48.0644 33.2558

standard

deviation

Green 104 2 19 2 5

median

Green total 22509 27429 26937 28980 28500

count

Blue Min 0 0 0 0 0
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(continued)
Parameters Cetautomatix | 2.5-D edge | 3-D edge 2.5-D 3-D
MR image detected detected skeletonized skeletonized

image image image image

Blue Max 255 255 255 255 253

Blue mean 103.519 14.680 38.844 31.0038 19.02649

Blue 68.870 34.8206 56.101 48.1467 33.61179

standard

deviation

Blue median | 104 3 19 3 5

Blue total 22509 27429 26937 28980 28500

count

Saturation 0 0 0 0 0

Min

Saturation 0 1 1 1 1

Max

Saturation 0 0.861 0.687 0.6382 0.52028

mean

Saturation 0 0.175 0.222 0.35136 0.352738

standard

deviation

Saturation 0 0.925 0.690 0.600 0.52549

median

Luminance 0 0 0 0 0

Min

Luminance 1 1 1 1 0.992

Max

Luminance 0.405 0.157 0.273 0.187 0.11726

Mean

Luminance 0.270 0.1548 0.220 0.2426 0.15348

standard

deviation

Luminance 0.407 0.1098 0.223 0.03137 0.0666

median

Y Min 0 0 0 0 0

Y Max 1 1 1 1 0.992

Y Mean 0.405 0.115 0.223 0.15957 0.09877

Y standard 0.270 0.14559 0.2189 0.21918 0.1433

deviation

Y median 0.407 0.0666 0.1647 0.0196 0.047

Cb Min —0.001 —0.1078 —0.092 —0.088 —0.0568

Cb Max —0.0019 0.0098 0.0058 0.00588

Cb mean —0.0019 —0.03557 —0.043 —0.01649
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(continued)
Parameters Cetautomatix | 2.5-Dedge | 3-D edge 25-D 3-D

MR image detected detected skeletonized | skeletonized
image image image image

Cb standard | 1.159 0.01728 0.0196 0.0277 0.0134
deviation
Cb median —0.0019 —0.0333 —0.049 —0.0098 —0.0137
Cr Min —0.0019 —-0.0176 —0.0215 —0.02549 —0.0137
Cr Max —0.0019 0.3078 0.2568 0.249 0.1941
Cr mean —0.0019 0.10319 0.12329 0.06709 0.04435
Cr standard 1.159E—10 0.0534 0.0589 0.08189 0.042669
deviation
Cr median —0.00196 0.09607 0.143 0.02156 0.041176
Red Min 1 0 0 0 0
WB
Red Max 255 255 255 255 255
WB
Red mean 103.547 67.372 102.269 71.6967 48.7898
WB
Red standard | 68.858 48.05637 60.1868 80.1108 47.34539
deviation
WB
Red median | 104 54 98 27 39
WB
Red Total 22503 27426 26905 26560 24581
count WB
Green Min 1 0 0 0 0
WB
Green Max 255 255 255 255 253
WB
Green mean | 103.547 13.696 38.3028 33.3706 21.4039
WB
Green 68.858 34.688 56.343 4927158 34.918
standard
deviation
WB
Green 104 2 19 4 7
median WB
Green total 22503 27426 26905 26560 24581
count WB
Blue Min 1 0 0 0 0
WB
Blue Max 255 255 255 255 253
WB

(continued)
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(continued)

Parameters Cetautomatix | 2.5-D edge | 3-D edge 2.5-D 3-D
MR image detected detected skeletonized skeletonized
image image image image

Blue mean 103.547 14.6819 38.890 33.828 22.0599
WB
Blue 68.8587 34.822 56.118 49.333 35.2555
standard
deviation
WB
Blue median | 104 3 20 5 8
WB
Blue ttal 22503 27426 26905 26560 24581
count WB
Saturation 0 0 0 0 0
Min WB
Saturation 0 1 1 1 1
Max WB
Saturation 0 0.861 0.688 0.696 0.603
mean WB
Saturation 0 0.1749 0.221 0.3069 0.3069
standard
deviation
WB
Saturation 0 0.92549 0.694 0.69019 0.6000
median WB
Luminance 0.0039 0 0 0 0
Min WB
Luminance 1 1 1 1 0.992
Max WB
Luminance 0.406 0.1574 0.273 0.2044 0.1359
mean WB
Luminance 0.270 0.15488 0.220 0.2464 0.15738
standard
deviation
WB _
Luminance 0.4078 0.1098 0.2235 0.0588 0.09019
median WB
Y Min WB 0.0039 0 0 0 0
Y Max WB 1 1 1 1 0.992
Y Mean WB | 0.406 0.1151 0.223 0.1741 0.1145
Y Standard 0.270 0.1455 0.2189 0.22335 0.14839
deviation
WB

(continued)
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(continued)
Parameters Cetautomatix | 2.5-Dedge | 3-D edge 2.5-D 3-D
MR image detected detected skeletonized skeletonized
image image image image
Y median 0.4078 0.0666 0.1647 0.0431 0.0627
WB
CbMin WB | —0.0019 —0.1078 —0.092 —0.088 —0.0568
Cb Max WB | —0.0019 0.0098 0.00588 0.0137 0.00588
Cb mean —0.0019 —0.03558 —0.043189 —0.0264 —0.0188
WB
Cb standard | 1.159E—10 0.01728 0.0195 0.0281 0.0130
deviation
WB
Cb median —0.0019 —0.0333 —0.049 —0.0098 —0.0176
WB
CrMin WB | —0.0019 —0.0176 —0.02156 —0.02549 —0.0137
CrMax WB | —0.0019 0.3078 0.25686 0.249019 0.1941
Cr Mean —0.0019 0.1032 0.1234 0.073388 0.0517
WB
Crstandard | 1.15959E—10 | 0.05343 0.05879 0.0827 0.0414
deviation
WB
Cr median —0.0019 0.09607 0.143 0.0294 0.05294
WB

5 Conclusion

This paper has introduced 2-D and 3-D algorithms for detecting edges and skeletal
form in 3-D images. A sample MR image of cetautomatix is used for testing the
algorithms. Comparative analysis is made in terms of statistical parameters of various
images.
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The article presents the design and synthesis of 2D Na-1,2-bis(tetrazol-5-yl) ethene (H,bte) coordination
polymer and highlights the influence of supramolecular interactions in the self-assembly process towards
the formation of thermodynamic product. By grinding the linker Hpbte and NaOH followed by crystal-
lization in H0/MeOH solvent at room temperature gives homogeneous compound [Nay(bte)(H;0);]s in
quantitative yields. The compound is characterized by IR spectroscopy, PXRD, thermogravimetric, calori-
metric analyses and unambiguously characterized by single crystal X-ray diffraction. The compound con-
tains 3-connected Nay(H,0),4 tetramer units as building blocks which are connected by trans bte?- link-
ers in planar, dipodal fashion to form 2D sheets. Robust hydrogen bonding interactions exists between the
adjacent 2D sheets through terminal and bridged water molecules present in the tetramer to form dense
3D supramolecular framework. Hirshfeld surface analyses have been studied to gain deep insights into
the strength and contributions of hydrogen bonding interactions exhibited by the molecular structure for
the formation of stable phase.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Self-assembly of coordination polymers (CPs)/Metal organic
frameworks (MOFs) are subjected to intense research area over
the past two decades [1-4]. Exercise on fine control over the
design and synthesis of these extended architectures is crucial
part towards the reproducibility of physical properties in terms of
crystallinity, particle size, morphology, and surface porous prop-
erties [5,6]. Earlier knowledge on the underlying mechanism of
self-assembly process facilitate to achieve the anticipated product
phase by preventing the metastable kinetic product |7,8]. The syn-
thetic chemistry of these materials has been developing rapidly to
obtain materials with unique properties and applications [9-11].
The quest for construction of coordination polymers with desired
assemblies is subjected to judicious selection of synthetic strate-

* Corresponding author.
E-mail addresses: login2bharat@gmail.com, aryanbharat@gmail.com (B.K. Tripu-
ramallu).
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gies [12,13] as well as the subtle parameters like geometric restric-
tions imposed by the linker and metal, template molecules and
supramolecular interactions [14-16].

The most efficient parameter in nucleation of the coordi-
nation networks to form kinetic and thermodynamic products
are supramolecular interactions displayed by molecular structure,
through coordinated and lattice solvent molecules [17]. Among
all the non-covalent interactions, hydrogen bonding has a promi-
nent role in the assembly of coordination networks [18]. Two dis-
tinct roles played by the hydrogen bonding interactions are, ei-
ther restricting the dimensionality of the' netwotlgby blocking the
coordinating groups [19] or enhanhng ‘the.: of the net-

work through directional mteractions 0- 23] “Yoles are op-
erated simultaneously or cooperdtl:ve to enhance stability of
the molecular structure [24]. Da ,& al. reported thé: polyoxomet-

\ 4

alate based ion-pair compound,

/herein, the J olecular in-
teractions displayed by the octam ~}- icts the for-
mation of Cu-1,4-bis[2- (2—pyndyl)1ml -'

bpimb) network and stabilizes in dlscrete metallo -macrocycle by
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mediating the conformation of ligand to unfavorable cis conforma-
tion [25]. Generally, the lower dimensional coordination polymers
are stabilized by non-covalent interactions such as hydrogen bond-
ing and m-m stacking etc. [26]. Ghosh et al. reported host guest
supramolecular chemistry in which 2D supramolecular sheets in-
volved in .- and C-H--N hydrogen bonding interactions with
the guest 4,4’-azobis(pyridine) molecules thereby achieves the ad-
ditional stability [27]. Coordination polymers with metal centers
having greater number of solvent water molecules in their coordi-
nation sphere often displays supramolecular isomerism with both
kinetic and thermodynamic products [28]. Thermodynamic prod-
ucts are stabilized by various intermolecular interactions to achieve
the local minima before the global minima is reached on the reac-
tion coordinate [29].

In an attempt to prepare the Na-bte coordination polymers, in
our previous article, we isolate the meta stable kinetic products
during crystallization of final thermodynamically stable products
[30]. The factors like crowdedness in metal coordination sphere,
ligand conformations and supramolecular interactions drive the
formation of final products. Isolation of meta stable phases indi-
cates their stability and also generates the question on purity of
final compounds. In this context we continue our studies through
different synthetic procedures to study the self-assembly of Na-
bte coordination polymers. Only Na and Zn coordination polymers
based on Hybte linker are reported in the literature prompts us
to explore the linker [31,32]. The synthetic procedure was mod-
ified by adopting the mechanical grinding process to obtain the
compound [Nay(bte)(H,0);], as homogeneous product. The prod-
uct formed does not change its composition in reaction conditions
even after few days reveals the thermodynamic stability of the
compound. The compound was structurally characterized by single
crystal X-ray diffraction and non-covalent interactions exhibited by
molecular structure are studied by Hirshfeld surface analyses. Ther-
mal stability and bulk purity of the compound were also addition-
ally characterized.

2. Experimental section
2.1. Materials and methods

All chemicals are commercially available reagents of analytical
grade and were used without further purification. The ligand H,bte
was synthesized according to the procedure reported by Sharpless
et al. as shown in Section 1 of ESI [33].

2.2. Synthesis of [Nay(bte)(H;0)7],

Hbte (8.2 mg, 0.05 mmol) and NaOH (1 mg, 0.025 mmol) was
grinded in a mortar to obtain fine powder which was then dis-
solved in water (1.5 mL) and MeOH (300 pL to enhance solubility)
in a glass vial. The solution was swirled to complete dissolution
and the vial was sealed and kept in a heating bath adjusted to
85°C for 3 days. The solution was filtered and crystallized at room
temperature to obtain colorless block crystals in 2 days. The crys-
tals were collected by filtration, washed with cold water and dried
in air (89% based on sodium) Anal. Calc. for C4H;gNgNa,05 (1): C,
14.37; H, 4.82; N, 33.52. Found: C, 14.10; H, 4.23; N, 33.19 IR (KBr,
cm~1): 3333, 2388, 1618, 1484, 1410, 1330, 1210, 1163, 1089, 1031,
950, 818, 731.

2.3. Physical measurements

Differential scanning calorimetry (DSC) was carried out on a
Mettler Toledo DSC3+ instrument and thermogravimetric analysis
(TGA) was carried out on a TA Q500 instrument, using dry nitro-
gen atmosphere, at a rate of 20 mL/min. About 0.5-1 mg samples
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Table 1
Crystallographic data and
[Naz(bte)(H20) .

refinement  parameters of Compound

CCDC Number

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

alA

b/A

c/A

af°

Bl

¥

Volume/A?

z

pul:gfﬂ'ﬂ3

p/mm!

F(000)

Crystal sizefmm?
Radiation

20 data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole [ e A-3

2,019,007

C4Hy5NgNay 07

334.20

110.15

Triclinic

P-1

7.0792(2)

9.3198(2)

11.6282(3)

108.2250(10)

96.9450(10)

100.3380(10)

703.89(3)

2

1.5767

0.191

3483

0.25 x 0.22 x 0,15

Mo K, (A = 0.71073)

3.76 to 57.16
-9<h=<8-12<k<12,-15=<1<15
12,109

3555 [Ryy = 0.0267, Ryjgm, = 0.0256]
3555/0/232

1.124

R, = 0.0286, wR, = 0.0735
Ry = 0.0324, wR; = 0.0825
0.29/-0.32

Table 2

Geometrical parameters of the 0-H.--0 and O-H...N hydrogen bonds (A, ©) in-
volved in 3D supramolecular framework of the title compound. D = donor;
A = acceptor.

S. No D-H--A d(D...A) (A) <(DHA) ()
1 01- Hla- N4 2.8885(13) 176.1(15)
2 01- H1b- 02 2.8515(12) 167.1(17)
3 02- H2a-- 05 2.7806(12) 151.9(15)
4 03- H3b-- N5 2.8973(13) 172.2(16)
5 05- H5b-- N1 2.8986(13) 162.7(15)
6 06- H6a 03 2.8577(13) 171.0(16)
7 07- H7b-- N2 2.7736(13) 176.8(16)

were sealed in aluminum pans for DSC measurements with heat-
ing rate of 10°C/min, between 25°C and 450°C. Infrared spectra
of solid samples were obtained on Bruker Tensor 27 system spec-
trophotometer in ATR mode. X-ray powder diffraction (PXRD) mea-
surements were performed on a Rigaku Smartlab diffractometer
at 60 kV, 30 mA and CuK, radiation (A = 1.5406 A), with a scan
speed of 1°/min and a step size of 0.02°

2.4. Single crystal X-ray diffraction measurement

Single crystal x-ray diffraction measurements performed on
Bruker-Apex Duo diffractometer with 1uS micro-fo sing MoKy
radiation. Measurements were carried. out-at- rL\\K on crys-
tals coated with a thin layer of arnqrphqus oil. The'stru u
solved by direct methods and reﬁged py full-matrix, least-squares,

using standard crystallographic software: SHELXT- 53 4) SHELXL-
2014 (34, 35] The TOPOS softwar Q’ : fsed/to analyze

bonding parameters in Table 2. Thermal ellipsoidal plot diagram
of the compound was shown in figure S1 in supporting informa-
tion. Complete list of bond lengths and bond angles are shown in
section-6 of supporting information
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Fig. 1. a) Representation of Na tetramer observed in the compound (excluding the bte?- linkers) b) The coordination environment around the Na(I) metal center.

3. Results and discussion

By grinding stoichiometric ratio of H,bte, NaOH and dissolv-
ing in mixed solvent system MeOH/H,O followed by heating the
reaction mixture for 3 days at 85°C gives the title compound
[Nay(bte)(H;0);]n in quantitative yields. The compound was crys-
tallized as colorless block shaped crystals in triclinic space group
P-1. This phase was characterized by 2D polymer with discrete
Na4(H;0);4 tetramers as building blocks.

Two crystallographically independent Na atoms constitute the
tetramer in which two symmetrically equivalent Na atoms (Na2)
resides as terminal atoms and other two atoms (Nal) in bridging
positions of tetramer as shown in the Fig. 1a. The terminal Na2
atoms reside in octahedral NaNOs coordination sphere composed
from one N atom from the bte2~ molecule along with three termi-
nal and two bridging aqua ligands. On the other hand, the bridging
Nal atoms also stays in NaNOs octahedral coordination sphere in
which the N atom from linker bte2—, four bridging and one termi-
nal aqua ligand comprises the coordination sphere (Fig. 1b) Anal-
yses of coordination geometries around Na center through SHAPE
2.1 program reveals that both the Na centres are present in slightly
distorted octahedral environment (O;, symmetry)(detailed geomet-
ric analyses described in section S7 ESI) [37]. The Na-O bond dis-
tances ranging from 2.508(1) A to 2.348(2) A are in good accor-
dance with the Na-H,0 bond lengths found in the literature [38].
Overall, six aqua ligands bridge the four Na atoms in a zig-zag
manner to form a tetramer. These tetramers linked to each other
by fully deprotonated bte? in a dipodal planar fashion, in trans
form (with torsion angle of 180 ° (C1-C4—C4-C1) between two
tetrazole rings).

Both the tetrazole rings of the bte?~ linker coordinates to
the Na atoms in p;-coordination mode through nitrogen atoms
(Na(1)—N(6): 2.495(1) A, Na(2)—N3: 2.477(1) A) exhibiting dipodal
coordination connectivity. The bteZ- linkers coordinated to termi-
nal Na atoms i.e. Na2 centers connects the tetramers along crys-
tallographic b-axis to form 1D chains. These chains are in turn
connected to each other along c-axis through another set of bte~
linkers which are coordinated to bridged Na atoms to form a 2D
sheets along the bc plane as shown in Fig. 2a. The dimensions of
the void spaces created in the planar sheets are 18.164x9.195 A
and the Na-bound both bridging and terminal water molecules are
protruded into these void spaces. The topology of the framework
was obtained by reducing the Na tetramer to 3-connected node re-
sulting in a 3-c, uninodal network with point symbol (63) (Fig. 2b).

The key structural factors in the formation of title compound
as stable form is due to coordination restrictions imposed by the
metal as well as the hydrogen bonding interactions. The sodium

coordination sphere contains only one bte?- linker and five aqua
ligands, (NaNOs) which reduces maximum strain in the sodium
coordination environment. The other factor which directs the for-
mation of stable product is robust hydrogen bonding between the
2D sheets of the compound. In the formation of tetramer fourteen
water molecules are involved in which six molecules are bridging
and eight molecules are terminally attached. Three types of strong
0-H..-0 interactions exhibited by both terminal and bridging water
molecules, connect the adjacent 2D sheets (bc plane) along crystal-
lographic a and ¢ axis to form 3D supramolecular framework.

The terminal water oxygen atoms (O1) attached to the Na2
atoms connects the tetramers of adjacent sheets through O — H--.0
(01— H1B--02, dg..o = 2.851(12) A, hydrogen bonding to form
R%,(8) ring along c-axis. The connectivity is further strength-
ened along the same axis by oxygen atoms of the terminal
water molecules connected to Na2 atom through 02-H2a---05,
do..o = 2.780 (12) A interactions as shown in Fig. 3a. The oxy-
gen atom 06 of the terminal water molecule connected to the
bridging Nal involves in hydrogen bonding interaction with 03
(06— H6A--03, dg..g = 2.857(13) A) connected to the terminal Na2
atom of tetramer present in adjacent sheet along the a axis result-
ing in the ladder like connectivity (Fig. 3b). Overall, each tetramer
connects to four different tetramers from adjacent sheets through
twelve O — H---O interactions to form a 2D supramolecular sheet
along crystallographic ac plane as shown in the Fig. 4a. These 2D
supramolecular sheets are connected through bte2- linkers to form
a 3D robust supramolecular framework, and its topological rep-
resentation was shown in Fig. 4b. All the eight terminal water
molecules connected to both Na atoms involves in hydrogen bond-
ing with the adjacent sheets.

The 3D supramolecular framework formed due to O — H---O in-
teractions are further reinforced by O-H---N interactions involving
both terminal as well as bridging water molecules. Several O-H-.-N
interactions with dg.y distances ranging from 2.77 to 2.95 A ex-
ists between the adjacent 2D sheets as shown in the figure S3, ESL
Along with these interactions the compound is additionally stabi-
lized by 77 interactions between the’ tetrazofesi
molecular c.g-c.g distance of 3.727‘-'ﬂ-{.ﬁ¢gj.'i"' 47 F

The Na(l) coordination polymers-based on b are reported
very few in the literature which are listed in Tablg-31iAs seen in
the table, entry 1 and 5 reaction procedures pro@
modynamic products. On the other ha Hes'F
ditions give both kinetic and therrng|
ence of five water molecules along :
nation sphere in the thermodynamic products merely represents
like most stable Na(H;0)g entity. The coordination sphere in these
compounds have only one exchangeable organic linker with wa-
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Fig. 2. a) 2D coordination polymer formed due the connectivity of Na tetramers and bte?- linkers and b) Topological representation of (6,3) connected network of the

compound.

Fig. 3. Three types of O-H---O interactions observed between the water molecules coordinated to the tetramers and their connectivity towards (a) crystallographic c-axis

and (b) a-axis.

of SEiqmémulecular framework

‘\h

Fig. 4. (a) 2D- supramolecular Na-(H,0) sheet formed due to O — H---O interactions along the ac plane (b) topological representatio:}-,‘t
/‘-"\i‘.

formed due to the O — H---O interactions.
/ :)\ L 1
Table 3 i ey
Table displaying the different products formed through different synthetic procedures in literature based on Na-bte polymers. \E g; f }
Products \\'3

S. No Reaction Conditions Kinetic Therm
1 1,2-dicyanoethylene +NaN;+ ZnCl, Hydrothermal conditions at 130°C —_ [Naz(bte)(H;0)sTn

2 Hybte+MeOH +NaOH Layered on Toluene [Na(Hbte)(CH3;0H); ], [Na(Hbte)(H;0)3 ], 30

3 Hybte+MeOH +NaOH+NH3(Aq) Layered on Toluene [Naz(bte)}(H20)3]n [Naz(bte)2(H20)3]n-2NH4-H,0

4 H,bte+MeOH +NaOH+CH;CN Heating at 85 °C [Na(Hbte)(H,0)], [Nay(Hbte);(H;0)],

5 Hzbte+ NaOH Grinding and heating 85 °C ——— [Naz(bte)(H20)7]a This work
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Fig. 5. (a) Hirshfeld surface of the title compound considering the asymmetric unit (b) 2D finger-plot diagram derived from the HSs representing the shortest possible inter-
action range of O-H and N-H interactions as spikes (c) percentage contribution of all interactions around the asymmetric unit (considering both the reciprocal contributions).

ter molecules hence the compounds represents the most stable
supramolecular isomers unlike dense coordination sphere observed
in Na-bte polymers reported in the literature [30]. The robust hy-
drogen bonding interactions present in these compounds achieves
additional stability; hence the compounds with this type of enti-
ties have large energy land scape for self-assembly of metal ions
and ligands to form homogeneous stable thermodynamic products.

3.1. Hirshfeld surface analysis

The dense non-covalent interactions around asymmetric unit
containing two Na atoms and seven water molecules are further
analyzed by the Hirshfeld surfaces (HSs) and 2D fingerprint plots
(FPs), which are generated by using Crystal explorer 3.1 [39] based
on the CIF file. These 3D Hirshfeld surfaces gave the information
about long- and short-range interactions around the molecules and
2D finger plots obtained from the HSs reveal the type, nature, and
the contribution of individual intermolecular interactions.

The HSs of the asymmetric unit have been mapped over
dnorm Which is a ratio encompassing the distance of any surface
point to the nearest interior (d;) and exterior (de) atom to the van
der Waals radii (vdW) of the atoms (—0.6 to 1.0 A) as shown in the
Fig. 5a (The HSs mapped with the shape index and the curvedness
are shown in supporting information) [40-42]. 2D finger plot in-
dicates the contribution of different kinds of intermolecular inter-
actions. To visualize the molecular structure the surfaces are dis-
played transparent. All the blue spots seen in the dporm surface
represent the area longer contacts than Van der Waal's radii and
the large circular red spots are the closer contacts than Van der
Waal's radii which represent the prominent hydrogen bonding in-
teractions.

The large red circular depressions as shown in Fig. 5a rep-
resent the robust supramolecular interactions around the water
molecules of the molecular structure. Nearly 48.5% among all the
non-covalent interactions are contributed from the H---N/N---H

(O-H--- N) interactions and 9.5% are from H-..0/0.--H (O-H---0) in-
teractions. These two O-H-.-O interactions appeared as doublet on
the left- and right-hand side in the 2D finger plot as shown in
the Fig. 5b. These interactions appear in the region around 1.9 A
(de-+d;) representing the shortest distance between the atoms in-
side the molecular surface and outside of the surface. On the other
hand, 7--- interactions between the tetrazole rings recognized
through C---C and N--'N contacts contribute 7.8 and 5.1% respec-
tively. The existence of -7 stacking is also evident from the rel-
atively flat green region on the curvedness surface around tetra-
zole rings as shown in the figure S5, ESI. The relative contributions
aroused due to different interactions are calculated and presented
in the Fig. 5c and figure $6 ESI. The HSs and 2D finger plots clearly
indicate the fidelity of O-H---O and O-H--'N hydrogen bonding in-
teractions in achieving additional stability for the compound.

4. PXRD and thermal analyses

To confirm the phase purity of the compound presented in
this study, X-ray diffraction patterns of powder samples have
been recorded. The reflections for the simulated data (calculated
from single crystal data) are well matched with the observed
data, which proves the bulk homogeneity of the:crystalline solids
(Fig. 6a). The intensities of few reflections-wei "-r':eqerd. and some
reflections are slightly broaden;’ﬂ..ﬁ d shifted in'the experimen-
tal patterns compared to those /obs '
from the single-crystal data. The
the PXRD pattern may be due
vent water molecules coordinate
leads to reorganization of local struc inimal difference.
The PXRD pattern of the compound after one month was almost
identical with the fresh as synthesized material clearly establishes
the thermodynamic stability of the compound.

The thermal stability of the compound has been character-
ized by performing TGA and DSC experiments on a few milligram
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Fig. 6. (a) PXRD of the compound in comparison with the simulated pattern (b)TGA and DSC curves of the compound.

scales under inert atmosphere in the temperature range 50-450 °C
(Fig. 6b). The compound shows continuous weight loss of 19.99%
from room temperature to 150°C which can be attributed to the
loss four water molecules from the structure (Theoretical weight
loss: 21.5%). The molecular structure contains four terminal wa-
ter molecules hence it can be related that the dehydrated water
molecules are terminal and bridging water molecules remain in-
tact. The dehydrated framework remains stable in the region 150-
376 °C with minimal weight loss. The compound then undergoes
decomposition on further heating and shows sharp weight loss in
the region 376-428°C. The total weight loss observed in the re-
gion 150-428°C is 19.2% which can be attributed to loss of car-
bon atoms from the linker (decomposition of linker) and one wa-
ter molecule from the framework (Theoretical weight loss: 20.3%).
The final residue accounts for nearly 60% of total mass which can
be either metal oxides embedded in nitrogen matrix.

From the DSC curve it is observed that from room tempera-
ture to 150°C the endothermic peaks detected are due to expul-
sion of water molecules from the framework which shows consis-
tency with the TGA curve. A sharp exothermic peak was observed
at 370°C relates to the decomposition of the dehydrated frame-
work.

5. Conclusion

In summary in this article we reported the 2D Na-bte coordina-
tion polymer [Nay(bte)(H,0);]n through grinding the reactants fol-
lowed by crystallization. The reaction conditions result in the for-
mation of homogeneous stable product unlike meta stable prod-
ucts reported in the literature. The 2D coordination polymer is
constructed by 3-connected Na tetramer building blocks bridged
by bte?~ linker protruding coordinated terminal water molecules
in to void space. A strong hydrogen bonding interaction (O-H..-O
and O-H---N) exist between the coordinated water molecules of
adjacent sheets to form a 3D supramolecular framework. The sta-
bility of the compound achieved through robust supramolecu-
lar interactions drives the formation of thermodynamic product
by avoiding the meta stable products. Hirshfeld analyses reveal
that nearly 60% interactions exhibited by the molecular structure
are contributed by O-H--O and O-H---N interactions through wa-
ter molecules clearly indicates the stability achieved by the com-
pound through hydrogen bonding. The article highlights the role
of supramolecular interactions in achieving the stable conforma-

tion of the molecule which ends up in the formation of thermo-
dynamic products. Similar systematic studies are in progress to as-
sess the cogent parameters underlying in the self-assembly process
of coordination polymers.
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A series of bivalent metal
HL; =2((E)-(4-(trifluoromethoxy)phenylimino)methyl)-4-chlorophenol,

complexes M(L,); and M(Ly); where M = Cu(ll) Ni(ll), Co(il)
HL,=2-((E)-(4-

(trifluoromethoxy)phenylimino)methyl)-4-nitrophenol were synthesized and characterized by elemental
analysis, SEM, Mass, '"H NMR, 3C NMR, UV-Vis, FT-IR, ESR and magnetic susceptibility measurements.
Based on the analytical and spectral data a square planar geometry has been assigned to all the metal
complexes. DNA binding properties of these complexes have been explored using electronic absorption
spectroscopy, fluorescence spectroscopy and viscosity measurements. The experimental evidence indi-
cated that these binary complexes strongly bind to calf thymus DNA through an intercalation method.
DNA cleavage efficacy of these metal(ll) complexes have been investigated with super-coiled pBR322
DNA by gel electrophoresis in presence of H,0; and UV light, and found that all complexes showed
better nuclease activity. The in vitro antimicrobial activity results by paper disc method against few bac-
terial pathogens such as Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis and Staphylococcus
aureus as well as fungal species Aspergillus niger and Candida albicans showed that the complexes are
more biocidal than free ligands. Further, the compounds were screened for antioxidant activity using
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1,1-diphenyl-2-picryl hydrazyl (DPPH) which was compared with a standard drug ascorbic acid.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

According to National Institute of Cancer Prevention and Re-
search (NICPR), one woman dies from cervical cancer every 8 min-
utes in India [1]. Every year new cancer patients are registering
around 11,57,294 lakh. In India, in 2018 total deaths due to can-
cer is 7,84,821 |2]. Various research studies were conducted to
eliminate cancer from the society. The interaction of transitional
metal complexes with DNA is one of the vital concepts to produce
effective DNA binding anticancer drugs, chemotherapeutic agents
and best antineoplastic drugs [3]. For last few decades many re-
searchers waged their efforts on synthesis and design of metal
based therapeutics. Most of the researchers focused for the de-
velopment of DNA targeted drugs [4]. DNA is a primary cellular
target for most of the therapeutic drugs in clinical use [5]. Earlier
platinum based drugs used as anticancer drugs. Later the platinum
based drugs proved of undesirable side effects and other health

* Corresponding author
E-mail address: srajkavadi@gmail.com (Shivaraj).

https:/{doi.org/10.1016/j.molstruc.2020.129606
0022-2860/© 2020 Elsevier B.V. All rights reserved.

problems. Now, researchers have been looking for suitable sub-
stitutes to replace the cis-platin and its derivatives. Many metal
complexes were tested to know the anticancer activity of those
metals. It is proved that the cationic characters, structural profiles,
and other peculiar characters of Schiff base metal complexes are
most credit worthy elements to behave as anticancer drugs [6-9].
Transition elements are the essential elements for human beings
with their bio essential, oxidative nature and enzymatic activity.
The complexes of copper, cobalt and nickel ions have gained enor-
mous attention of inorganic chemists to focus on clinical applica-
tions [10-15]. Palaniandavar et al. pointed out among the transition
metals Cu(ll) is suitable alternative to cis-platin [16]. Cobalt com-
plexes are found to be important antimicrobial, antiviral, antitu-
mor, antioxidant and anticancer agents [17-19]. Nickel complexes
have eminent role in bioinorganic chemistry, redox enzyme sys-
tem, medicinal chemistry and recently they have been tested for
inhibition of cancer cell proliferation [20,21].

Recently, our group have reported s theg.rs “Characterization,
DNA binding and nuclease efﬁcacy. nmigmblaf :\u\ antioxi-

dant properties of Cu(ll), Co(ll) and' N; comple)‘ms. ‘of\various
Schiff bases [22-25]. All the above fact§ stimulated E_r‘ terest

&, ‘:"‘r?;.,n
~ 10
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to focus on synthesizing the metal based drugs which can in-
teract with DNA non-covalently with diminished side effects and
various pronounced biological applications of complexes with 4-
trifluoromethoxy aniline Schiff bases.

2. Experimental
2.1. Materials

All the required chemicals procured from Finar/Merck/ Hi Me-
dia Ltd. and Sigma-Aldrich. The solvents such as chloroform,
ethanol, methanol and water were purified according to standard
literature methods [26]. The CT-DNA (calf thymus) and supercoiled
PBR322 DNA (Merck made) were purchased from Genei, Bangalore
and stored at 4 °C. Buffer (Tris-HCI/NaCl), ethidium bromide (EB)
purchased from Merck, Hyderabad, India.

2.2. Instrumentation

Microanalyses of C, H and N of ligands and metal complexes
were accomplished by using Perkin Elmer 240C (USA) elemen-
tal analyzer. Metal content of the complexes was estimated by
atomic absorption spectroscopy using GBC Avanta 1.0 AAS. Melt-
ing points were monitored on a Polmon instrument (model No.
MP-96). NMR spectra of the ligands were recorded on Bruker 400
MHz NMR instrument using TMS (tetramethyl silane) as internal
standard. Morphology and particle sizes of the ligands and metal
complexes were investigated by SEM (scanning electron micro-
scope, Zeiss evo18). Using the INCA EDX instrument, the surface el-
ements of compounds were analyzed. Electronic spectral data were
obtained from Shimadzu UV-Visible spectrophotometer (UV-2600).
Fluorescence studies were performed on JASCO spectrofluorome-
ter FP-8500. Magnetic moment values of all metal complexes were
calculated on Gouy balance model 7550 with Hg[Co(NCS),] used as
the calibrant. Thermal studies of complexes were carried out on a
Mettler Toledo Star system in the temperature range of 30-1000°C
under dynamic nitrogen atmosphere (20 mL min~1) with a heating
rate of 10 °C min~'. ESR spectra of metal complexes were recorded
at liquid nitrogen temperature using JES-FA200 ESR spectrometer
(JEOL-Japan).

2.3. Synthesis of Schiff bases and their binary metal complexes

2.3.1. Synthesis of Schiff bases HL; and HL,

The methanolic solution (50 mL) of 4-
(trifluoromethoxy)benzenamine (10 mM) was mixed with
methanolic solution (50 mL) of 5-Chloro salicylaldehyde (10
mM) | 5-nitro salicylaldehyde (10 mM). The mixture was stirred
for 2-4 h at 60-70°C temperature on an oil bath. The yellow
colored precipitates obtained were isolated by filtration and
recrystallized from methanol. The purity of the product and
completion of reaction was monitored by TLC.

2.3.2. HL;

(C14HoCIF3NO;), Anal. Calc (%): C, 53.27; H, 2.87; N, 4.44.
Found: C, 52.98; H, 2.68; N, 4.28. IR (KBr): V(o) 3450, v{c_y)
1632, v(c.o) 1164. UV-vis; Amax/nm (cm~1) (DMSO): 253 (39525),
290 (34482). 'H-NMR (400 MHz, CDCl3) (8): =14.13 (s, TH), 8.68 (s,
1H), 7.57 (d, 1H), 7.47 (s, 1H), 7.29-7.27 (m, 2H), 7.10-7.09 (m, 3H)
(Fig. $1). 13C NMR (100 MHz, CDCl3): § = 163.40, 151.60, 147.83,
147.75, 146.89, 123.98, 122.40, 122.06, 119.19, 119.04, 118.74, 116.64,
64.69, 14.87 (Fig. 52). MS (ESI): m/z 315 [M-+H]* (Fig. S3). MP-
167°C.
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2.3.3. HL,

(C14HgF3N;04), Anal. Calc (%): C, 51.54; H, 2.78; N, 8.59. Found:
C, 5147; H, 2.72; N, 8.48. IR (KBr): v(o.y) 3435, v(cyn) 1624,
V(c-0) 1160. UV-vis; Ap,,,nm (cm~1) (DMSO): 273 (36630), 340
(29411). TH-NMR (400 MHz, CDCl3) (8): 14.05 (s, 1H); 8.72 (s, 1H);
8.43-8.29(m, 4H) 7.39-7.15 (m, 3H); (Fig. S4). 3C NMR (100 MHz,
CDCl3): 6 = 162.25, 153.68, 152.46, 145.37, 135.22, 134.58, 133.38,
124.35, 121,70, 120.04, 119.67, 113.41, 114.08.35, 110.69 (Fig. 55). MS
(ESI): m/z 326 [M+H]* (Fig. S6). MP-195°C.

2.4. Synthesis of binary metal complexes

Binary metal complexes were prepared using metal salts and
ligands in 1:2 molar ratio. A hot methanolic solution of 10 mM of
metal acetate [M=Cu(1l)/Co(11)/Ni(Il)] was added to a hot methano-
lic solution of Schiff base ligand [HL;/HL;] (20 mM) and the mixed
solution was refluxed for 2-4 h at 60-70°C. The precipitate was
kept aside for slow evaporation at room temperature. The solid
formed was collected by suction filtration, washed thoroughly with
methanol and then dried in desiccator over anhydrous CaCl,. An
outline of synthetic procedure of ligands and respective metal
complexes are presented in Scheme 1.

1a, (CpgHygFgN204 ClCu). Anal. Calc(¥%): C, 48.54; H, 2.33; N,
4.04; Cu, 9.17. Found: C, 48.43; H, 2.27; N, 3.97; Cu, 9.05. IR (KBr):
U(CH:N] 1588, U(c_()] 1168, v{M-O) 529, V(M-N} 435, ESR: gl = 2,138,
g1 = 2.088, G = 158, UV-vis; Ap,ynm (cm~') (DMSO): 260
(38461), 340 (29411), 420 (23809), 585 (17094). Megs (BM): 1.81.
MS (ESI): m/z 690 [M+H]*. MP-298 °C.

242 [Co(L;)z]

1b, (C23H|5F5N204 clch) Anal. CalC(%): C, 48.86; H, 2.34; N,
4.07; Co, 8.56. Found: C, 48.66; H, 2.20; N, 3.95; Co, 8.32. IR
(KBI’): v(CH:N) 1601, V(c-0) 1166, V(M-0) 520, U(M-N) 440. UV-vis;
Amay/NM (cm~') (DMSO): 258 (38759), 351 (28490), 425 (23529),
568 (17605). fiesr (BM): 2.21. MS (ESI): m/z 686 [M-+H] *. MP-302
°C

243, [Ni(Ly),]

1c, (C23H15F5N204 Clz NI) Anal. CBIC(%): C, 48.88; H, 2.34; N,
4.07; Ni, 853. Found: C, 48.69; H, 2.29; N, 3.89; Ni, 8.37. IR
{KBI’): v(CH:N) 1580, U(c_o) 1172, U(M—O) 520, U(M-N] 471. UV-vis;
Amax/Am (cm~1) (DMSO): 267 (37453), 373 (26809), 420 (23809),
568 (17605). peg (BM): dia. MS (ESI): m/z 688 [M] +. MP-275 °C.

2.4.4. [Cu(Ly)s]

2a, (C;gH6FsN4Og Cu) Anal. Cale(%): C, 47.10; H, 2.26; N,7.85;
Cu, 890. Found: C, 47.01; H, 2.15; N, 7.67; Cu, 8.79. IR (KBr):
v(CH:N) 1598, U[(‘_o} 1172, v(M-O] 531, v(M-N) 432. ESR: gI = 2.140,
gL = 2075, G = 18 UV-vis; Ap,gnm (cm~') (DMSO): 271
(36900), 410 (24390), 567 (17636). pef (BM): 1.74. MS (ESI): m/z
713 [M+1]. MP-310 °C.

24.5. [Co(Ly)2]

2b, (C3H;6FgN4Og Co) Anal. Calc.(%): C, 47.41; H, 2.27; N, 7.90:
Co, 8.31. Found: C, 47.29; H, 2.05; N, 7.78; Co, 8.09. IR (KBr) v(cy_n)
1602, V(c,o} 1175, U(M-O) 542, v{M-N] 42/5,_H¥:vg&;\lmx;nm (cm‘l)
(DMSO): 258 (38759), 391 (25575)
MS (ESI): m/z 709 [M] *. MP-282

24.6. [Ni(L;).] :
2c, (C23H15F6N408 Ni) Anal. C
Ni, 8.28. Found: C, 47.28; H, 2.09;
1597. U(C-O] 1180, D{M-O) 529, v(M-N)
(DMSO0): 263 (38022), 349 (28653), 41 :
(BM): dia. MS (ESI): m/z 708 [M+1]. MP-275 °C.
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F3CO H F4CO H
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Reflux | MEOH. 4-5h MeOH, 4-5 h
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A = Copper(ll) acetate mono hydrate

R= FSCO4©‘ B = Cobalt(ll) acetate tetra hydrate

C = Nickel(ll) acetate tetra hydrate

Scheme 1. Synthesis of ligands and their Cu(ll), Co(l1) and Ni(ll) complexes.
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2.5. DNA binding studies

2.5.1. Electronic absorption study

Electron absorption study is an excellent technique to investi-
gate the interaction of metal complexes with CT-DNA. The
absorption spectra of complexes were recorded in TAE buffer
(40 mM Tris base, 20 mM acetic acid and 1TmM EDTA). Com-
plexes stock solutions were prepared in buffer by taking the
little amount of DMSO. UV absorbance of CT-DNA in buffer
solution at 260 and 280 nm gave a ratio of 1.8-1.9/1, indicat-
ing the DNA being sufficiently free from protein [27]. Con-
centration of CT-DNA was determined with absorption spec-
troscopy by employing the known molar extinction coeffi-
cient of 6600 M~'cm~! at 260 nm [28].

The intrinsic binding constants (K;,) were acquired by moni-
toring the changes in the absorbance of the complexes. Complex
concentration is fixed as 10 uM and concentration of nucleotide
is increased from 0-10 uM. Absorbance of CT-DNA is eliminated
by adding equal amounts of CT-DNA to both the complex solu-
tion and the reference solution while measuring the absorption of
complexes. Binding strength of the complexes against CT-DNA was
compared quantitatively by substituting the data in the following
equation.

[DNA]/ (ga-£¢) = [DNA]/ (ep-&5) + 1/K; (ep-¢f)

where, [DNA] is the concentration of CT-DNA in base pairs. The ap-
parent absorption coefficients £, & and &}, correspond to Agpg/[M],
the extinction coefficients for the free and fully bound form of cop-
per(1l) complex, respectively [29]. K, is given by the ratio of slope
to the intercept.

2.5.2. Fluorescence quenching study

The emission quenching studies were also performed for addi-
tional support for relative binding of metal complexes to CT-DNA.
Ethidium bromide (EB) is a renowned fluorescent probe for DNA
moiety and used in evaluation of the binding mode between metal
complex and CT-DNA [25]. In buffer solution, EB shows reduced
emission intensity, whereas the fluorescence intensity dramatically
increased by pre-treatment of EB (12.5 uM) with CT-DNA (125
M) for 30 min in TAE buffer (pH 7.4) at 25 °C. Further the metal
complexes in various amounts of concentrations (0-60 M) were
added to the pre-treated solution. The excitation wavelength of in-
strument fixed at 350 nm and the emission spectra of constant EB-
DNA were recorded (A = 520—680 nm) with changing the concen-
tration of metal complex.

The quenching parameter can be calculated by Stern-Volmer
equation.

L/l =1+ K [Q]

where, I, and 1 are the emission intensities in the absence and
presence of the quencher, respectively and [Q] is the quencher con-
centration (complex to that of DNA) and Kgy is the Stern-Volmer
constant, the Kgy value is obtained as a slope from the plot of Io/I
versus [Complex].

2.5.3. Viscosity study

Further clarification of the interaction between metal complex
and DNA was carried out by viscosity measurements by using an
Ostwald capillary viscometer immersed in a thermostatic water
bath maintained at 30 £ 1 °C. Keeping the CT-DNA (200 uM) con-
centration fixed and the metal complexes concentration was varied
(0-200 pM). Flow time was recorded with a digital stop watch and
every sample was measured at least thrice to get an average flow
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time, Data were presented as (1/1,)"/® versus [complex]/[DNA],
where as 7 is the viscosity of DNA solution in the presence of the
complex, 1, is viscosity of the DNA alone.

2.6. DNA cleavage

Both, photolytic (under UV light) and oxidative (H,0,) cleav-
ages of supercoiled pBR322 DNA by all the compounds were mon-
itored by agarose gel electrophoresis technique at pH 7.2 in Tris-
HCl buffer. The samples were incubated at 37°C for 2 h followed
by mixing with loading dye 0.25% bromophenol blue to make a to-
tal volume of 16 uL. After proper incubation period, samples were
loaded in the agarose gel and electrophoresis was performed at 70
V for 1 h. Finally, images were taken under UV-illuminator using
Bio-Rad Gel documentation system.

2.7. Antioxidant activity

The antioxidant activity of metal complexes against the stable
free radical DPPH (1,1-Diphenyl-2-picryl-hydrazyl) was evaluated.
The scavenging capacity of DPPH was determined by using UV-
visible spectrophotometer. In this scavenging assay, DPPH acts as
a stable radical due to the paramagnetic nature arises from its odd
electron. When the odd electron becomes paired off in the pres-
ence of a free radical scavenger, the absorption reduces and the
DPPH solution is decolorized as the color changes from deep violet
to light yellow. Briefly, 500 pM stock solutions of the complexes in
DMSO (25 mL) were prepared. From the stock solution, different
(20, 40, 60, 80 and 100 mM) concentrations of complexes were
prepared by serial dilutions. 1 mL of each complex solution hav-
ing different concentrations was taken in different test tubes and
4 mL of 0.1 mmol DMSO DPPH solution was added and shaken vig-
orously for about 2-3 min, then incubated in a dark room for 30
min at room temperature. A blank DPPH solution was utilized for
the baseline correction because the odd electron in the DPPH gave
a strong absorption maximum at 517 nm. After incubation, the ab-
sorbance values of each solution were measured at 517 nm and
there was a change (decrease) in the absorbance values indicat-
ing that the complexes showed moderate free radical scavenging
activity. Ascorbic acid (AA) was used as the reference or positive
control and the percentage of the free radical scavenging activity
of the tested samples expressed as percentage inhibition of DPPH,
was calculated according to the formula,

DPPH Scavenging Activity (%) = (Ao-At)/As x 100

where A; is the absorbance of sample solution and A, is the ab-
sorbance value of control solutions or standards for positive con-
trol. Percent inihibition was plotted against log concentration and
the equation for the line was used to obtain ICsp value. A lower
IC5p value indicated greater antioxidant activity.

Calculation of IC5p values: A linear regression fitting between
the % inhibition and log concentration was done and the con-
centration corresponding to 50% inhibition was expressed as ICsg
value.

2.8. Antibacterial activity /<o \

All the synthesized c;npl'xes of respe_ ive ligands were
screened for in vitro ant 5’5 erial act:v:tyjagnst two Gram-
negative bacteria such as \ ichi C 25922), Pseu-
domonas aeruginosa (ATCC 2 —posltlve bactena
such as Staphylococcus aureus
(MTCC 121). The agar well diffusion met od, which was described
earlier by Balouiri et al [30], was adopted for measuring the an-

tibacterial assays. Briefly, all cultures were routinely maintained on
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NA (nutrient agar) and incubated at 37 °C for overnight. The cul-
ture was centrifuged at 1000 rpm and pellets were re-suspended
and volume of 0.1 mlL diluted bacterial culture suspension was
spread uniformly with the help of spreader on NA plates. Wells of
6 mm diameter were punched into the agar medium and loaded
with ligands and their different metal complexes. Antibiotic disc,
Ampicillin (100 mg/disc) was used as a positive and negative con-
trol. The plates were then incubated for 24 h at 37 °C and the re-
sulting zone of inhibitions were measured in mm.

2.9. Antifungal activity

All the compounds were screened for in vitro antifungal activ-
ity against the inoculums of non-sporing fungi, A. niger and C. al-
bicans, by growing the culture in SDA broth at 37 °C for overnight.
All cultures were routinely maintained on sabouraud dextrose agar
(SDA) and incubated at 28 °C. Volume of 0.1 mL of diluted fun-
gal culture suspension was spread with the help of spreader on
SDA plates uniformly. Sterile 6 mm discs were impregnated with
the test complexes. Wells of 6 mm size were cut and loaded
with different concentrations of the complexes. Ketoconazole (100
mg/disc) was used as a positive control. A. niger and C. albicans
plates were incubated at 37 °C for 24-48 h and antifungal activity
was determined by measuring the diameters of the inhibition zone
(mm).

3. Results and discussion

The complexes were prepared in good yields (70-79%) by the
reaction of free ligands (HL; & HL;) with Cu(ll), Co(Il) and Ni(ll)
salts in methanol medium, as indicated in Scheme 1. All the com-
plexes are stable to air and moisture for extended periods. The lig-
ands are soluble in organic solvents like methanol, ethanol, ace-
tonitrile, chloroform, DCM, DMF and DMSO and the complexes are
soluble in DMF and DMSO only, whereas both are insoluble in H50.
The analytical data of all the synthesized complexes are in good
agreement with calculated values for 1:2 stoichiometric ratios of
metal to ligand.

3.1. Fourier-transform infrared spectroscopy

The FT-IR analysis was carried out in the range of 4000-250
cm~! using KBr pellets on a Perkin Elmer Frontier FT-IR/FIR spec-
trometer. The coordination modes were evaluated by comparing
some important infrared spectral bands of free ligands with their
corresponding metal complexes shown in Table 1 and Fig. S7. The
Schiff bases showed a characteristic strong band around 1632-
1624 cm~! due to the u(C=N). This band is shifted by 20-44
cm~! to a lower frequency region in complexes indicating coordi-
nation of azomethine nitrogen atom of Schiff bases to metal ion. A
broad band appeared in the range of 3450-3435 cm~"' attributed
to v(OH) in the Schiff bases, is disappeared in complexes indi-
cating deprotonation of the phenolic proton prior to coordination.

Table 1

IR data (cm~1) of Schiff bases and their binary metal(ll) complexes (1a-2c).
Compound U(oH) U(HC=N) Vic-0) Uim-0) U(M-N)
HL, 3450 1632 1164 - -
1a - 1588 1168 529 435
1b - 1601 1166 520 440
1c - 1580 1161 520 41
HL; 3435 1624 1160 - -
2a - 1598 1159 531 432
2b - 1602 1170 542 425
2c - 1597 1160 529 421
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Table 2

Electronic spectral data of Schiff bases and their metal complexes (1c-2c) in nm
(cm?).

Complex m-m* (aromatic) n-w* (azomethine) CT transition d-d transition

HL, 253 (39525) 290 (34482) 3 -
1a 260 (38461) 340 (29411) 420 (23809) 585 (17094)
1b 258(38759) 351(28490) 425(23529) 568 (17605)
1c 267 (37453) 373 (26809) 420 (23809) 568 (17605)
HL, 273 (36630) 340 (29411) - .

2a 271 (36900) - 410 (24390) 567 (17636)
2b 258 (38759) 391(25575) = 574 (17421)
2c 263 (38022) 349 (28653) 415 (24096) 564 (17730)

This is further confirmed by strong intense band of phenolic C-
O stretching observed at 1160-1164 cm™! in the ligands is shifted
to higher frequency of 1180-1172 cm~! in complexes. In addition,
the new non-ligand bands are observed at lower frequency regions
471-421 cm~! and 542-520 cm~! due to stretching frequency of
vM-0 and vM-N respectively [31,32].

3.2. Electronic absorption analysis

UV-Vis absorption spectra, given in Table 2 and Fig. S8, of the
six metal complexes were recorded in DMSO solution. Compounds
shown a broad band at 564-585 nm corresponding to ?Bjg-?E,
for Cu(ll) complexes [33], 1Ay- ‘Blg for Co(Il) complexes, 1Ay~ 1Azg
for Ni(ll) complexes [34,35] which is consistent with a square pla-
nar geometry. The ligands shown absorption spectral bands in the
range of 253-274 (w-m*) nm and 290-340 (n-7*) nm, and upon
complexation, all bands shifted to 258-271 nm and 340-391 nm
[36]. The effective magnetic moments of Cu(ll) and Co(ll) com-
plexes are found to be 1.81 (1a), 2.21 (1b), 1.74 (2a), and 2.16 (2b)
respectively. Ni(ll) complexes are found to be diamagnetic [37]. The
electronic transitions and magnetic moment results are consistent
with a square planar geometry for all the complexes.

3.3. Powder X-ray diffraction analysis

The X-ray diffractograms of Cu(ll), Co(ll) and Ni(ll) complexes
of HL; and HL; were scanned in the range of 26 = 4-80° at a
wavelength of 1.543 A° and are shown in Fig. 1. The single crystals
of complexes could not be isolated because of their insolubility in
most of organic solvents. The powder XRD of complexes showed
sharp crystalline peaks indicating its crystalline phase. The diffrac-
tograms and associated data depicted the 20 value for each peak,
the relative intensity and inter-planar spacing (d-values). Hence,
the powder-XRD pattern of compounds has been studied in or-
der to test the degree of crystallinity of the compounds. The inter-
planar spacing (d) has been calculated by using Bragg's equation,
nA= 2d sin 6. To evaluate the crystallite sizes of the synthesized
compounds, D was determined using Debye-Scherrer formula given
by

D =0.941 [ B cos 6

where B is the full width at half maximum of the predominant
peak and 6 is the diffraction angle and X is“the wavelength of X-
ray. The sizes of the crystallites of the llgan s for 92.61, HL,
for 84.26 and their complexes afe: found to b for complex
1a, 34.58 for complex 1c, 38.54/for fomplex 1b, for complex
2a, 26.27 for complex 2c, 34. 85 nm or complex

The particle size, purity, morphology and the surface structure
of the compounds can be predicted from the scanning electron mi-
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Fig. 1. The powder XRD spectra of synthesized ligands and their metal complexes.

crograph (SEM). SEM pictographs of free ligands and correspond-
ing complexes are shown in Fig. 2. The SEM images revealed that
the metal complexes having particles are agglomerated with the
controlled morphological structure and the presence of irregular
spherical like structures. However, particles of the size less than
100 nm were also observed, which group to form an agglomerate
of larger size. From the SEM images, the complexes have homo-
geneous matrix with even interface having ideal shape of uniform
phase material. The elemental composition of corresponding lig-
ands and complexes were shown in EDX spectra. The EDX spec-
tra are demonstrated the exact constituent elements present in
the ligands and complexes. The average crystalline sizes of these
complexes obtained from XRD are poly crystalline with nano-sized
grains.

3.5. Mass spectra

Mass spectra provide a preliminary clue for structure eluci-
dation of compounds. The ESI mass spectra of ligands exhibited
[M+H]* peaks at m/z 315 and 326 for (HL;) and (HL;) respec-
tively. The molecular ion peaks at m/z 690 [M+1] for (1a), 713
[M+1] of (1b). 686, [M+1] for (2a), 790 [M+1] for (2b), 688
[M]* for (1c) and 709 [M+1] for (2c) complexes show in Fig.S9-
S14. The elemental analysis and mass spectral data are in good
agreement with 1:2 stoichiometric ratios for the formation of
complexes.

3.6. Thermogravimetric analysis

TGA is a prominent tool to investigate the thermal behavior
and the decomposition pattern of all the synthesized complexes
(1a-2c). The thermal analysis of Cu(ll), Co(ll) and Ni(Il) complexes
was monitored at a heating rate suitably controlled at 10 °C/min
under nitrogen atmosphere over an ambient temperature range of
30-1000 °C. The thermograms of complexes are depicted in Fig. 3
and Fig. S15. Each thermogram shows two decomposition steps.
All the complexes exhibit high thermal stability up to 200 °C evi-
dencing the absence of water molecules withinjout of the coordi-
nation sphere. In first step, the complexes showed a sudden weight
loss around 240 °C. In second degradation step, a gradual weight
loss is observed in the temperature range of 240-470 °C may be
corresponding to the complete decomposition of the organic part
around the metal ion and the further horizontal line may be due
to metal oxide residue as final part.

3.7. Electron spin resonance spectra

ESR spectral studies provide information about the delocaliza-
tion of unpaired electrons and bonding nature between the metal
and ligand. ESR spectra of Cu(lI) metal complexes were recorded in
DMSO at liquid nitrogen temperature (LNT), shown in Fig. 4. The
values of ESR parameters g|. g1 and G values have been calcu-
lated. The order of g values are found to be, g > 8L > ge (2.0023)

suggesting the unpaired electron is localized in dy?.,2 orbital with
2Blg ground state which is an indicative of square planar geome-
try for Cu(ll) complex [38]. The G [G = (gn—2.0023) | (g.-2.0023)]
values found to be 1.58 for 1a and 1.8 for 2a suggesting consider-
able exchange interactions in Cu(ll) complexes. As g < 2.3, these
complexes are covalent in nature [25].

3.8. DNA binding studies

3.8.1. Electronic absorption study

Electronic absorption spectroscopy is one of the most pow-
erful experimental methods for probing metal complex-DNA in-
teractions. In general, the binding nature of the metal com-
plexes towards DNA helix can be investigated by observing the
changes in wavelength and absorbance. Complex binding with DNA
via intercalation usually results in the reduction in absorbance
(hypochromism) and the shift towards higher wavelength (red
shift/bathochromic shift) due to a strong m-7* stacking interac-
tion between the aromatic chromophore and the base pairs of DNA
[39]. The extent of the hypochromism and bathochromism is com-
monly related to the intercalative binding strength. The electronic
absorption spectra of 1a (279 nm), 2a (293 nm), 1b (258 nm), 2b
(296 nm), 1c (265 nm) and 2¢ (279 nm) showed intensive absorp-
tion bands Fig. 5. These bands are attributed to the intraligand -
mr* transitions. Upon each addition of DNA, the intensity of the -
mr*transition band reduced by 9-27% (hypochromism) with a slight
red shift of 3-8 nm. The intrinsic binding constant K, is calculated
from a plot of [DNA]/(ea - &¢) versus [DNA] using the equation:

[DNAJ/(ea - &¢) = [DNA]/(¢a - &) + 1/Ky (85 -8k

-

' pairs, and &,,
"of 'the com-

where, [DNA] is the concentratio_nf‘.'_orf"'DNR-*:fE
& and g, are the apparent absorption coe\ﬂi@y

pound in the presence of DNA, , l).d" the fully
DNA-bound compound, respective! from the
slope to intercept ratio. The'l('b;,_ s and com-
plexes are 143£0.02 x 105 M7~ x 105 M-!
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Fig. 6. Fluorescence emission spectra of EB-DNA system in the absence and presence of increasing concentration of complexes 1a-2c in Tris HCl buffer (pH 7.2) at 25 °C.

Conditions: [Complex] = 0-60 pM, [DNA] = 125 pM, [EB] = 12.5 pM.

pability of binding of the compounds with DNA has been investi-
gated by displacement of ethidium bromide (EB). EB is a poor fluo-
rescent compound whose intensity is enhanced in presence of CT-
DNA as it intercalates between the DNA base pairs. Upon addition
of metal complex to EB-DNA adduct, there is a sudden decrease
in the intensity of EB-DNA adduct at 590 nm, and further increase
in the concentration of complexes decreases the further intensity

more, shown in Fig. 6. Such degradatjor
is due to the displacement of the E
results confirmed that all the compo
tercalation mode. The extent of fluo:
in terms of Ky values calculated fro
sus Q. The relative binding constants o
6.43-3.25 x 109 M1,
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Fig. 7. Effect of increasing amounts of EB and set of complexes 1a-1c, 2a-2c on the relative viscosity of CT-DNA at 30 + 0.1 °C.

3.8.3. Viscosity study

The viscosity studies were also carried out to get further ev-
idence of binding mode of metal complexes with CT-DNA. Gen-
erally, in absence of any crystallographic structural data, the hy-
drodynamic measurements (such as viscosity, sedimentation, etc)
are the most sensitive techniques to determine the DNA binding
[42]. A molecule binds to DNA, in a classical intercalation, can
cause an increase in the viscosity of DNA since it increases the
separation between base pairs at intercalation site, hence an in-
crease in overall length of the double helix. However, a partial and
non-classical intercalation of the complex results in bending of the
DNA helix, which reduces the effective length of DNA, with a con-
comitant decrease in its viscosity [43]. The experimental results,
shown in Fig. 7, revealed that the relative viscosity of CT-DNA in-
creased gradually on successive addition of increasing concentra-
tion of complexes which is an indicative of intercalative binding
mode. All the complexes intercalated between base pairs of DNA
duplex causing an increase in the viscosity of DNA solution.

3.9. DNA cleavage activity

The DNA cleavage activity of ligands HL;, HL; and their metal
complexes against super-coiled pBR322 plasmid DNA was carried
out by agarose gel electrophoresis method, in presence of H,0,
(oxidative cleavage) as well as under UV light (photolytic cleavage)
[44-48]. The cleavage ability of complexes is measured by compar-
ing the band patterns obtained from untreated and treated (with-
out and with complexes) plasmid DNA by photolytic and oxidative
cleavage methods. The efficiency of the complexes in DNA cleavage
is estimated by the conversion of DNA from Form I (circular super-
coiled) to Form II (nicked) and Form III (linear form). When circu-
lar plasmid DNA is subjected to electrophoresis, the fast migration
will be obtained for the circular form. If one strand is cleaved, a
relaxed nicked form will be generated which migrates slower than
Form 1 [49].

The cleavage patterns of Cu(Il), Co(Il) and Ni(ll) complexes are
shown in Figs. 8 and 9. In oxidative method, no DNA cleavage was
observed in lane 1 (DNA control), lane 2 (DNA+H;0,) and lane
3 (HL;) but in lane 4 1a, lane 5 1b and lane 6 1c complexes ef-
ficiently cleaved supercoiled DNA into nicked form. In photolytic
method, no DNA cleavage is observed in lane 1 (DNA control), lane
2 (HLy) but in lane 3 2a, lane 4 2b and lane 5 2c complexes ef-
ficiently cleaved DNA into nicked form. All complexes cleaved the
super-coiled pBR322 DNA more efficiently.
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Table 3

ICsp values of Ascorbic acid

(AA) and complexes 1a-2c.

Compound ICsg (uM)
1a 3.68
1b 4.39
1c 7.05
2a 4.25
2b 5.72
2c 8.16
AA 0.42

4. Antioxidant activity

A systematic investigation was conducted to explore the an-
tioxidant potency of the compounds by DPPH method employ-
ing ascorbic acid as a reference. All the analyses were done in
three replicates and the representative graph is shown in Fig. 10.
And ICsp values are presented in Table 3. Reduction capability of
complexes on free radical (DPPH) is determined by the decrease
in its absorbance value at 517 nm (blank) which can be induced
by antioxidant activity. In the present investigation, the antioxi-
dant activity of metal complexes was expressed as ICs, values. The
ICsq values were calculated by plotting the percentage scavenging
effects on the y-axis and concentration (uM) on the x-axis. It is
seen from the results that all the complexes exhibited moderate
activity compared to the standard ascorbic acid [50-52]. Statisti-
cally, the scavenging effect of the compounds with DPPH radical is
in the order (1a) > (1b) > (1c) and (2a) > (2b) > (2c). From the
results, it is clear that the Cu(ll) complexes have higher activities
than the Co(Il) and Ni(Il) complexes.

4.1. Antimicrobial activity

The synthes:zed llgands and the1r comlexes were screened for

exhibited varying degree of inhibit effects on the growth of
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Fig. 8. (a) Oxidative cleavage of supercoiled pBR322 DNA (0.2 g, 33.3 M) at 37°C in 5mM Tris HCl/S mM NaCl buffer by the metal complexes. Lane 1, DNA control; Lane
2, DNA +H,0; (ImM); Lane 3, DNA + H;0, (1ImM) + HL,; Lane 4, DNA + H;0, (ImM) + 1a (20 uM); Lane 5, DNA + H,0, (1mM) + 1b (20 uM); Lane 6, DNA + H;0,
(ImM) + 1¢ (20 uM). (b) Photoactivated cleavage of supercoiled pBR322 DNA (0.2 pg, 33.3 M) at 37°C in 5mM Tris HCI/S mM NaCl buffer by the complexes. Lane 1, DNA
control; Lane 2, DNA + HL; (20 uM); Lane 3, DNA + 1a (20 uM); Lane 4, DNA + 1b (20 ;zM); Lane 5, DNA + 1c (20 M)

Form I

Form Il
FormI

Fig. 9. (a) Oxidative cleavage of supercoiled pBR322 DNA (0.2 jg, 33.3 M) at 37°C in 5mM Tris HCI/5 mM NaCl buffer by the metal complexes. Lane 1, DNA control; Lane
2, DNA +H;0; (ImM); Lane 3, DNA + H;0; (1mM) + HLz; Lane 4, DNA + H;0; (1mM) + 2a (20 uM); Lane 5, DNA + H;0; (ImM) + 2b (20 uM); Lane 6, DNA + H;0,
(1mM) + 2¢ (20 uM). (b) Photoactivated cleavage of supercoiled pBR322 DNA (0.2 pug, 33.3 M) at 37°C in 5mM Tris HCI/5 mM NaCl buffer by the complexes. Lane 1, DNA
control; Lane 2, DNA + HL; (20 uM); Lane 3, DNA + 2a (20 M); Lane 4, DNA + 2b (20 uM); Lane 5, DNA + 2¢ (20 uM).
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Fig. 10. DPPH radical scavenging activity of metal complexes at different concentrations (20, 40, 60, 80 and 100 uM).
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Table 4

The antibacterial and antifungal activity data of synthesized ligands and their metal complexes.
Antibacterial

ik

Gram-positive Gram-negative Hiangal
Sample B. subtilis  S.aureus E. coli P aeruginosa A.niger C. albicans
HL,; 3 2 4 3 4 5
1a 9 10 8 9 11 12
1b 8 9 8 7 8 9
1c 9 8 9 8 7 8
Ampicillin 15 16 15 15 - -
Ketoconazole - - - - 16 15
HL; 4 3 4 3 5 4
2a 9 12 1 12 12 1
2b 10 9 8 9 8 7
2c 9 8 9 8 7 8
Ampicillin 15 16 15 15 - -
Ketoconazole - - - - 15 16

Fig. 11. The bar diagrams of the antibacterial and antifungal activities of HL;, HL, and their metal complexes.
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bacterial and fungal strains may be due to varying effect of the
metal ion on the cell metabolism. The 1a compound showed re-
markably good antibacterial activity against B. subtilis and E. coli
while moderate activity against S. aureus and P. aeruginosa. The
2a complex exhibited pronounced activity against bacteria S. au-
reus, B. subtilis and Gram-negative bacterium P. aeruginosa. All the
metal complexes exhibited prominent antifungal activity against all
fungi with significant inhibition zone of diameter. Such highness
of activity of the complexes can be attributed to the fact that the
lipid membranes that surround the cell favors the passage of only
the lipid-soluble materials which make liposolubility as an impor-
tant factor that controls the microbial activity. On chelation with
metal ions, the polarity of metal ion will be reduced to a greater
extent due to the overlap of the ligand orbital and partial sharing
of the positive charge of the metal ion with donor groups. Further-
more, the chelation increases the delocalization of electrons over
the whole chelate ring and also enhances the lipophilicity of the
metal complexes [53-61].

5. Conclusion

In the present investigation, two Schiff bases and corresponding
mononuclear binary Cu(ll), Ni(ll) and Co(ll) complexes have been
synthesized and well characterized. From the data, it is clear that
all metal complexes have adopted a square planar geometry. The
binding mode of complexes with CT-DNA was evaluated and found
an intercalative mode of binding. The DNA cleavage studies proved
that these complexes efficiently cleaved supercoiled pBR322 DNA
both in the presence of H,0, and UV light. The antioxidant activ-
ity studies have shown better free radical scavenging activity. The
extent of scavenging activity is expressed in terms of ICsp values
and the order of activity found to be 1a > 2a > 1¢ > 2¢ > 1b >
2b. All the compounds are screened for antimicrobial activity and
it is found that complexes have shown better inhibitory potential
towards the examined pathogenic microorganisms and the results
denoted that the complexes are more potent than their free Schiff
base ligands. Among all, the Cu(ll) complexes exhibited better DNA
binding, cleavage, antioxidant and antimicrobial activity compared
to Ni(Il) and Co(II) complexes.
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ABSTRACT

Bio-polymers are produced from renewable resources, which are classified mto
fwo types are named as Bio-based polymers and biodegradable polymer with huge
difference. Both the physical and chemical properties of the biodegradable polymers
tend to deteriorate and degrade when exposed to all microbial fermentation includes
aerobic. anaerobic process with water, carbon dioxide and methane. Bio-based polymers
are biodegradable but not all. Polymer conjugates are complex molecules with major
societal implications. Many advances in the fields of medicine, biotechnology and
nanotechnology. In this review focused on various manufacturing methods used, to
prepare conjugate-polymer substance could reveal the structural features of the polymer.

Keywords: Polymer, Conjugate, Biodegradable Polymers. Medicinal Application.
Metals, Macromolecules, Conjugate. Polymerization Antibodies, Immune System,
In Vivo.

1.0. Introduction

1L Super Absorbing Polymers (SAPs)

The function of the superabsorbent polymer is a cross linked volummous
polymer could absorb large volumes of water and retain them in it (Lejcuser al, (2018)).
1t is been industrialized for the production of improved water holding capacity and for
the application of agricultural farming fields USDA (1970) Daniel Hellerstein ef al,
(2019). The product also used for the manufacturing of towels, surgery, diapers and
female hygiene products (Anita (2020)). SAPs classified into many types based on their
functional group, charge and affinity (RoselenaFaezet al, (2017)).

SAPs based on 1onic nature they are categorized mto two types they are
nonionic and ionic charge (cationic and anionic SAPs) classified into hydrophilic and
hydrophobic based on affinity (Anand and Mohapatra Mamata (2020)). The water
absorbing property of SAP comes from osmatic imbalance between interior and exterior
of the polymer and electrostatic repulsion between charges on the polymer chain. which
also forms hydrogen bonds with water molecules (Wu et al. (2020)). The polymer
cross-linking increases, which makes the polymer insoluble, form (Monika and Vinay
(2019). The SAP prepared in two ways known as bulk polymerization and suspension
polymerization (Enas M. Ahmed (2019). Methodology used to the quantification of
SAPs follows are water absorption capacity, swelling rate, swollen gel strength, wicking
capacity. sol fraction. residual monomer and ionic sensitivity (Wang et al.. (2019)). The

.
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swelling ability of the polymer can be controlled by either cross-linking between
polymeric chains or morphology of the SAP includes (porosity and particle size)
(Misiewicz, Lejcus and Dabrowska (2019)). Longer polymer chains with increased
absorbing capacity but smaller polymer chains do not support the water absorption due
to its polymer ends (Chen et al, (2019)). The smaller size of SAP. could absorb larger
quantity of water. The environmental factors effects the change of SAPs volume (De
meyst et al.. (2019)).

1.2, Uses of Super Absorbent Polymers in Agriculture

The water-absorbing rate of SAPs is in huge volumes and retain them for many
applications in agriculture cultivation. Physical and chemical properties of the SAP
includes soil-SAP mixing ratio and swelling increases. which effects and decrease the
hydraulic conductivity of soil. Porosity of the sandy soil significantly. The hydraulic
conductivity of soil mitially increases and then decreases. Soil saturated and residual
water content, water holding capacity and available water content increases by the
application of SAPs stated (Megan er al, (2020)). The soil holds more moisture for
longer periods by the application of SAPs. Infiltration rates. bulk density. soil structure,
compaction, soil texture, aggregate stability, crust hardness and evaporation rates of the
soil properties effected by the application of SAPs (Salim, Saifuldeen (2015). (2019)).
When the bulk density of soil decreases which effects the application rates and reduces
soil infiltration that avoids potential loss to deep percolation of SAPs (Al-Omran et al.,
(2018)). The process of Expansion and contraction of SAP in the soil during the water
absorption and evaporation. which helps to improve the air in the soil, especially in
clayey soils (Yuansong Xiao et al.. (2018)). SAPs controls the imgation-mduced
erosion and soil water seepage and vniformity of furrow water applications. SAP is that
it greatly reduces the irrigation frequency and water management practices m arid and
semi-arid regions discussed. SAPs are also biodegradable and further their products do
not harm the microbial community present in the soil States that SAP increases yield
and water use efficiency of plants that 1s increase in plant biomass (Georgios Nikolaou
et al., 2020). SAP induce faster growth of plants by availing plant water and prolong
survival of plants under water stress and drought conditions (Suresh Rahul et al,
(2018)).

1.3. Limitations of Super Absorbent Polymers in Agriculture

Though the SAP amendment in soil has many beneficial uses, there are some
limitations to its applications in soil. SAPs are quite fragile and tend to break apart
easily thereby losing their water retention property. Further SAPs can also dehydrate
rapidly in a matter of hours thus losing their absorbed water (Olayemi et al.. (2020)).
The water absorption of SAPs greatly reduces in the soils as SAPs are under pressure
and unable to swell and take in water. The water absorption of SAPs in soils further
decreases due to formation of additional crosslinks with certain ions like Ca’~ and AF”
present in the soil (Chenhao Zhao et al., (2019)). The water absorption of the SAP also
decreases with increase in salinity of irrigation water (Summy Yadav et al.. (2020). The
SAPs in soils releases water with increase in temperature and this water could be
potentially lost to deep percolation. It could be inferred that the effecrivengfé;giif‘,&ﬁ?"'
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decreased on rewetting and can affect the hydraulic properties of soil only if applied in
higher application rates. In addition. the efficacy of the SAP decreases over a period
time and to compensate for these loses; higher application rates are required Wenju
Zhao et al.. (2019). This factor affects the economic value of crops grown on fields
amended with SAP (TandziNgoune Liliane and Mutengwa Shelton Charles (2020)).
SAP amendment also has negative effect on plant growth (Yongbin Li et al., (2019)).
The height of wheat plant grown in SAP amended soil is shorter than on control. In
addition, the height of plant decreased with increase in SAP amendment percentage in
soil. In certain cases. the wilting point of the plants was not affected significantly
(Abrisham. et al. (2018)). The higher application rate of SAPs may lead to plant
mortality.

For water-soluble fertilizer. quantity of potassium leached increases with
increase in water absorption capacity of polymers. The presence of hydrogels increased
dissolution of controlled-release fertilizer (Abobatta (2018)). SAPs modification
increases water content and increases dissolution of fertilizers, which potentially
percolated to deeper depths (Krzysztof Lejcus et al., (2018)). The potential benefit of
SAP alteration may be realize only in early stages of plant production and little or no
benefit later in production and in post-production (Thiago Zanguetin (2020)). Mixed
response of applications of SAPs in agriculture and physical properties are to compare
the results. It emphasizes that lack of knowledge on SAPs and its application in soils
(Shah Fahad et al., (2017)). (Behera. Sabyasachi and Mahanwar. Prakash. (2019)). A
detailed cross-disciplinary approach is required.

14. Biopolymers

1.51. International status of the Biopolymers

Bio-based polymers still hold a tiny fraction of the total global plastic market
(Sza, Aata, Kamila and Gumi. Tania (2017) and Papermaking (2019)). Currently.
biopolymers share less than 1% of the total market. At the current growth rate. it is
expected that biopolymers will account for just over 1% of polvmers, (Babu. Connor
and Seeram (2013)). Worldwide status of Bio-based polymer has occupied worldwide
demand based on the need for the non-fossil fuel-based polymers. According to the ISI
Web of Sciences and Thomas Innovations, there is an incredible increase on bio-based
polymers and its applications at present (Dublin. (2020)).

Carbon dioxide emission reduction in the environment takes place by the usage
of bio-based polymers and reduces the dependency of fossil fuels. Which causes the
replacement of petrolenm based derived raw materials with renewable resource based
raw materials for the production of polymers leads to the worldwide demand for
biopolvmers according to the EUROPEAN UNION and USA market {Dahiva et al.
2020).

1.6. Generations of Biopolymers
1.6.1. The first generation: Bio-based polymers derived from corn, potatoes,
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significant breakthroughs in biotechnology were not encourageble to produce
bio-based polymers.

1.7 Conventional bio-based polymers

Bio-based polymers are produced using renewable resources by bacterial
fermentation are known as conventional polymers. Example starch. cellulose, fatty acid,
lingo-cellulosic biomass and organic waste (Yin Lia (2019)).

1.7.1. Natural bio-based polymers

Naturally. derived polymers (proteins, nucleic acids, and polysaccharides) are
known as Natural Bio-based polymers. At present these polymers have been used
widely in the technology development and its applications. Example Polysaccharides.
Proteins. Nucleic acids and their derivatives (Nurul Asmak Md Lazim et al.. (2019) and
Zahra Shariatinia (2019)).

1.7.2. Starch

The starch is chemical substance, which is a sole carbohydrate source and naturally
derived from photosynthesis. it is granular in structure. The main source of starch.
which is naturally derived from plants and is abundantly occurred in wheat, rice, corn
and potato. Starch is the lineage polysaccharide of both amylose and highly branched
amylopectin and thermoplastic in nature. The temperature is the influencing factor of
the starch resistance and presence of plasticizer (SpaseStojanov and Ales Berlec
(2020)). Commercial production of starch plastics is facing problems with ductility due
to complexity and partly non-linear nature of starch. Thermo plasticity of starch agonize
outstanding retrogradation, causes briftleness and crystallinity. Plasticizer, a substance
added to plastics to make them more pliable are the chemical substances. used to
fabricate starch plastics. By chemical modification. could able to overcome problems
arising in the process of retrogradation to produce the biodegradable polvmers with
mechanical strength, flexibility and water holding properties to reduce the cost of
production (Vieira, et al., 2011).

1.7.3. Commercial bio-based natural polymers

Novamont is one of the leading companies in processing starch-based products.
The company produces various types of starch-based products using proprietary blend
formulations. There are other companies around the world producing starch-based
products in a similar scale for various applications (Aleksandra Nesic et al, 2020).
Starch and modified thermoplastic starch polymers have wide range of applications in
the food and non-food sectors, such as for shopping. bread, fishing bait bags, overwraps.
flushable sanitary product, packing materials, pharmacenticals, films. foam loose-fill
packaging and special molded products such as readymade food package containers
(Halley and Averous (2014)). The estimated consumption of starch based polymers was
approximately used 54% of food applications and 46% of non-food applications (is
about 7.9 million tons) and largest consumers of (30%) starch was used for the

production or manufacturing the papers, cardboard, corrugating industries in the -~
European Union. (Ramesh et al, 2013). Some other starch applications are textiles. . -
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cosmetics, pharmaceuticals paints and constructions. Moreover, the starch will play an
increasing role in the area of production of packaging materials. renewable raw
materials; molded products and biodegradable plastics (Vibhore Kumar Rastogi and
Pieter Samyn (2013)).

1.74. Cellulose

Cellulose is a complex polysaccharide with crystalline morphology abundantly
present in the plant cell wall. Structure of the cellulose varies from starch by the
linkages of cellulose B-14-glycosidic bonds, whereas the bonds in starch are
predominantly a-1.4 linkages (Abhilash. M and Thomas, D (2017)). Cotton fibers and
wood are the key source for the production of cellulosic plastic (Diego et al.. 2019).
Cellulose derivatives are namely cellulose acetate, cellulose esters {molding, extrusion.
and films). and regenerated cellulose for fibers were industrially produced (Mostafaa et
al.. 2019). Cellulose is a hard polymer and has a high tensile strength of 62 to 500 MPa
and elongation of 4% and the Tg of cellulosic derivatives ranged between 53°C and
180°C (Garcia Ibarra (2016) James (2019). While blending the cellulose with other
plasticizers the mechanical and thermal properties differ from blend to blend. The
chemical composition also effect the cellulosic plasticizers formation processing (Hiba
Shaghaleh et al, 2018), (Kumar Ramamoorthy et al.. 2019). Eastman Chemical is a
major producer of cellulosic polymers. FKuR launched a biopolymer business in the
year 2000 and has a capacity of 2,800 metric ton/vear of various cellulosic compounds
for different applications (Frank Hermanutz et al., 2018) (Babu et al.. 2013).

Cellulosic polymers are classified into three types based on chemical
modification. It has various applications like in the production of cellulose esters into
cellulose nitrate and celiulose acetate film and fibers (John et al.. 2020). Cellulose ether
derivatives of cellulose, such as carboxymethyl cellulose polymers and hydroxyethyl
cellulose polymers. are generally applied for construction, food, personal care.
pharmaceuticals, paint. and pharmaceutical applications (Fijul Kabir et al. 2018).
Cellulosic bio-based polymers applied to produce for fiber and film globally were used
textiles. hygienic disposables and home fumnishing fabrics because of its thermal
stability and modulus discussed (Abhilash and Thomas (2017)) (Keshipour and Maleki
(2018)). Cellulose was produced by bacterial fermentation and is characterized by its
purity and strength and its biomedical applications were limited because of high
production cost. Large-scale production at industrial level gives low yields and high
costs of bacterial cellulose applications include acoustic diaphragms, mining, paints, oil
gas recovery. and adhesives (Jing Wang et al, 2019).

Chitin and chitosan is an amino polysaccharide. which is a natural bio-based
polymer extracted by chemical extraction from shells of prawns and crabs and
demineralization by acid and deproteination by the action of alkali followed by
deacetylated into chitosan (Oyatogun et al.. (2020), Suneeta Kumari and Rupak Kishor
(2020)). Microbial fermentation and enzymatic hydrolysis also used to produce chitin
and these are not industrially economical. Chitin and chitosan are industrially produced
worldwide in the USA, Canada, Scandinavia, and Asia.
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1.7.5.  Chirosan

Chitosan has been applied in varied applications with different characteristics
features shown as biodegradability. biocompatibility. chemical inertness. high
mechanical strength. good film-forming properties, chemical pharmaceutical. cosmetic
products to water treatment, plant protection and low cost production. Chitosan is a
friendly chemical substance. is used for the cosmetic product production with many
biologically active components. Chitosan is applied in the manufacturing of bio-medical
devices with its low toxicity. biocompatibility and bioactivity became as an aftractive
bio-based polymer (Soleimani. Khadijeh et al.. 2018). And chitosan has been used in the
different human daily deeds such as in shampoos. rinses. and permanent hair-coloring
agents and skin care conditioner because of low cost it's a good substitute to the
hyaluronic acid (Biotechnology in Personal Care, Cosmetic Science: (2006).

1.7.6. Pullulan

It is a linear polysaccharide contains maltotriose component with o-1.6
glycosidic linkage and soluble in water obtained by the fermentation using
Aureobasidiumpuliulans (Mahmoud Nasrollahzadeh. Zahra Issaabadi (2019)).
Production of pullulans by simple fermentation medium with minimal nutritional factors
containing sugars (Sheng, Long., Tong. Quavi and Ma, Meihu. (2016), Khvostov,
Tolstikova. and Borisov, (2019)). Chemically modification of pullulan to produce a bio-
based polvmer that is either less soluble or completely insoluble in water. Which has
distinctive properties due to its characteristic glycosidic linkage. It is easily modified to
develop pH sensitivity by introducing functional reactive group. Pullulan has several
viable applications includes as a food additive, a flocculant. a blood plasma substitute,
an adhesive. and a film The pullulan is used to produce decoration articles are looks
like polystyrene. It is a tasteless, odourless, food ingredient with low-calorie gives bulk
and texture to the macromolecule. The pullulan is used widely in the food industry due
to its preservation property; it possesses oxygen barmrier and excellent moisture retention
property inhibits the growth of fimgi. At present it has been used in the biomedical
applications to deliver the drug into targeted area. tissue engineering. wound healing
and imaging studies. Pullulan also for the production of oral care products and capsule
formulation in the dietary supplements and pharmaceutical leading to increased demand
for this irreplaceable biopolymer revealed.

1.7.7. Proteins

Collagen is the major insoluble fibrous protein in the extracellular matrix and
in connective tissue. In fact, it is the single most abundant protein in the animal
kingdom. There are at least 27 types of collagens, and the structures all serve the same
purpose. to help tissues withstand stretching (Babu. O'Connor and Seeram (2013)). The
most abundant sources of collagen are pigskin. bovine hide. and pork and cattle bones.
However. the industrial use of collagen is obtained from non-mammalian species.
Gelatin is obtained through the hydrolysis of collagen The degree of conversion of
collagen into gelatin depends on the pretreatment, function of temperature. pH. and
extraction time.
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Collagen is one of the most useful biomaterials due to its biocompatibility,
biodegradability. and weak antigenicity, Alvin Bacero Bello et al., (2020). The main
application of collagen films in ophthalmology is as drug delivery systems for slow
release of incorporated drugs. It was also used for tissue engineering including skin
replacement. bone substitutes. and artificial blood vessels and valves. The classical
food. photographic, cosmetic, and pharmaceutical applications of gelatin is based
mainly on its gel-forming properties. Recently in the food industry, an increasing
number of new applications have been found for gelatin in products in line with the
growing trend to replace synthetic agents with more natural ones. These include
emulsifiers. foaming agents. colloid stabilizers, biodegradable film-forming materials.
and microencapsulating agents.

1.7.8. Alginates

Alginate is a linear polysaccharide that is abundant in nature as it is
synthesized by brown seaweeds and by soil bacteria (Yuefei Zhu, Zhiging Pang.
(2019)). Sodium alginate is the most commonly used alginate form in the industry since
it is the first by-product of algal purification (Siddhesh and Pawar (2017)). Sodium
alginate consists of o-l-guluronic acid residues (G blocks) and p-d-mannuronic acid
residues (M blocks), as well as segments of alternating guluronic and mannuronic acids.

Although alginates are a heterogeneous family of polymers with varying
content of G and M blocks depending on the source of extraction. alginates with high G
content have far more industrial importance (Roya et al. 2018). The acid or alkali
treatment processes used to make sodivm alginate from brown seaweeds are relatively
simple. The difficulties in processing arise mainly from the separation of sodium
alginate from slimy residues (Ramesh et al. 2013). It is estimated that the annual
production of alginates is approximately 38.000 tons worldwide (Jaya chandran et al,
2014). Alginates have various industrial uses as viscosifiers; stabilizers. and gel-
forming, film-forming, or water-binding agents (Ramesh et al. 2014). These
applications range from textile printing and manufacturing of ceramics to production of
welding rods and water treatment (Abhilash and Thomas, (2017)). The polymer is
soluble in cold water and forms thermostable gels. These properties are utilized in the
food industry in products such as custard creams and restructured food. The polymer is
also used as a stabilizer and thickener in a variety of beverages. ice creams, emulsions.
and sauces.

Alginates are widely used as a gelling agent in phanmaceutical and food
applications. Studies into their positive effects on human health have broadened recently
with the recognition that they have a number of potentially beneficial physiological
effects in the gastrointestinal fract (Gheorghe Adrian ef al., 2019). Alginate-containing
wound dressings are commonly used. especially in making hvdrophilic gels over
wounds. which can produce comfortable, localized hydrophilic environments in healing
wounds (SaghiSaghazadeh et al.. 2018). Alginates are used in controlled drug delivery,

where the rate of drug release depends on the type and molecular weight of alginates . ...
used (Amit Kumar et al.. 2020). Additionally. dental impressions made with alginafes’
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are easy to handle for both dentist and patient as they fast set at room temperature and
are cost-effective (Onsoyen 1996). Recent studies show that alginates can be effective in
treating obesity, and currently, various functional alginates are being evaluated in
human clinical trials (Saquib Hasnain et al., 2020).

1.7.0. Production of bio-based polymers
There are three principal ways to produce bio-based polymers using renewable
resources:

1.7.1.Partial modification of natural bio-base polymers (e.g.. starch):

Blending the biopolymers with rich in on centration of proteins meat and bone
meal (MBM) and describing the properties of plastics. Theoretical information
concerning biodegradable materials.

1.7.2.Producing  bio-based  polymers directly by  bacteria  (e.g.
polyhydroxyvalkanoates)

1.7.2.1. Polyhydroxyalkanoates

Polyhydroxyalkanoates (PHAs) are a family of polyesters produced by variety
of organisms; even though prefer bacterial fermentation having ability to replace
conventional hydrocarbon-based polymers. In 1923, Lemoigne carried out depicted by
using Bacillus megaterium Polyhydroxybutyrate (PHB), is the derivatives of simplest
PHA, and was discovered in 1926 by Maurice Lemoigne (Yusof et al, 2018). PHA, has
been produced by using a large fermentation vessel is filled with mineral medium along
with feed stock includes cellulosics, vegetable oils, organic waste, municipal solid
waste, and fatty acids depending on the specific PHA required and inoculated with a
seed culture supplemented with suitable bacterial strains and incubated for 48 hrs
(Dyson et al. 2019). PHA, cells are isolated and purifying step followed by
concentration, dried and extraction with acetone or chloroform. Solid-liquid separation
process been used to remove the cell debris followed with precipitation with methanol
(Xuan-Thanh ef al, 2019). According to the Steinbuchel and Valentin, more than 150
PHA monomers were identified in 1995 and having diversified applications along with
bio-based polymers with a wide range of properties (Salem er al, 1970). Poly-3-
hydroxybutyrate was the first bacterial PHA and has greatest attention in
characterization and industrial-scale production. Has similar thermal and mechanical
properties to those of polystyrene and polypropylene.

Even though it has many drawbacks. which includes slow crystallization,
narrow processing temperature range, and tendency to ‘creep’ (Reis ef al, 2008).
Several companies have developed PHA copolymers with typically 80% to 95% (R)-3-
hydroxybutyric acid monomer and 5% to 20% of a second monomer in order to improve
the properties of PHAs. Poly(3HB): Poly(3-hydroxybutyrate)

Poly(3HB-co-3HV) : Poly(3-hydroxybutyrate-co-3-hydroxyvalerate), PHBV

Poly(3-HB-co-4HB): Poly(3-hydroxybutyrate-co-4-hydroxybutyrate)

Poly(3HB-co-3HH) : Poly(3-hydroxyoctanoate-co-hydroxyhexanoate)
www.ijmer.in
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Poly(3HO-co-3HH) : Poly(3-hydroxyoctanoate-co-hydroxyhexanoate)
Poly(4-HB) : Polv(4-hydroxybutyrate).

The copolymer poly (3HB-co-3HV) has a much lower crystallinity, decreased
stiffness and brittleness, and increased tensile strength and toughness compared to poly
(3HB) while remaining biodegradable. It also has a higher melt viscosity, which is a
desirable property for extrusion and blow molding (Hanggi, 1995). The first commercial
plant for PHBV was built in the USA in a joint venture between Metabolix and Archer
Daniels Midland. However. the joint venture between these two companies ended
(Ramesh et al., 2013). Tianan Biologic Material Co. in China is the largest producer of
PHB and PHB copolymers. Tianan's PHBV contains about 5% valerate. which
improves the flexibility of the polymer. Tainjin Green Biosciences, China. invested
along with DSM to build a production plant with 10-kton/vear capacity to produce
PHAs for packing and biomedical applications. PHA polymers are thermoplastic, and
their thermal and mechanical properties depend on their composition. The Tg of the
polymers varies from —40°C to 5°C, and the melting temperatures range from 50°C to
180°C, depending on their chemical composition. PHB is similar in its material
properties to polypropylene, with a good resistance to moisture and aroma barrier
properties. Polyhydroxybutyric acid synthesized from pure PHB is relatively brittle and
stiff. PHB copolymers, which may include other fatty acids such as beta-hydroxyvaleric
acid, may be elastic.

PHAs can be processed in existing polymer-processing equipment and can be
converted into injection-molded components: film and sheet. fibers. laminates. and
coated articles; nonwoven fabrics, synthetic paper products, disposable items, feminine
hygiene products, adhesives, waxes, paints. binders, and foams. Metabolix has received
FDA clearance for use of PHAs in food contact applications. These materials are
suitable for a wide range of food packing applications including caps and closures,
disposable items such as forks. spoons. knives, tubs, trays. and hot cup lids, and
products such as housewares. cosmetics, and medical packaging (Yield Bioscience,
(2016).

PHA and its copolymers are widely used as biomedical implant materials.
Various applications of PHA and their polymer blends. These include sutures, suture
fasteners, meniscus repair devices, rivets, bone plates, surgical mesh, repair patches,
cardiovascular patches, tissue repair patches, and stem cell growth (Alejandra
Rodriguez-Contreras et al. 2019). Changing the PHA composition allows the
manufacturer to tune the properties such as biocompatibility and polymer degradation
time within desirable periods under specific conditions. PHAs can also be used in drug
delivery due to their biocompatibility and controlled degradability. Only a few examples
of PHAs have been evaluated for this type of applications. and it remains an important
area for exploitation (Vibhore Kumar Rastogi ™Pieter Samyn (2015).

1.7.2.2. Polyburylene succinate
Polybutylene succinate (PBS) is an aliphatic polyester with similar properties
to those of PET. PBS is produced by condensation of succinic acid and 1, 4-b15tanedl.ql
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PBS can be produced by either monomers derived from petroleum-based systems or the
bacterial fermentation route (Satti and Shah (2020)). There are several processes for
producing succinic acid from fossil fuels. Among them, electrochemical synthesis is a
common process with high vield and low cost. However, the fermentation production of
succinic acid has numerous advantages compared to the chemical process. Fermentation
process uses renewable resources and consumes less energy compared to chemical
process (Paulo et al, 2019). Several companies (solely or in partnership) are now
scaling bio-succinate production processes. which have traditionally suffered from poor
productivity and high downstream processing costs. Mitsubishi Chemical (Japan) has
developed biomass-derived succinic acid in collaboration with Ajinomoto to
commercialize bio-based PBS (Oscar Rosales-Calderon and ValdeirArantes (2019)).
DSM and Roquette are developing a commercially feasible fermentation process for the
production of succinic acid 1.4-butanediol and subsequent production of PBS. Myriant
and Bioamber have developed a fermentation technology to produce monomers. There
are several companies around the world developing technologies for the production of
PBS, including North America and China (Nathalie Gontard et al., 2018). Conventional
processes for the production of 1.4-butanediol use fossil fuel feedstocks such as
acetylene and formaldehyde (Pratima Bajpai et al. 2019). The bio-based process
involves the use of glucose from renewable resources to produce succinic acid followed
by a chemical reduction to produce butanediol (Pratima Bajpai. (2019)). PBS i1s
produced by transesterification, direct polymerization, and condensation polymerization
reactions. PBS copolymers can be produced by adding a third monomer such as sebacic
acid, adipic acid, and succinic acid. which is also produced by renewable resources
(Angélica Diaz et al., 2014).

PBS is a semi-crystalline polyester with a melting point higher than that of
PLA. Its mechanical and thermal properties depend on the crystal structure and the
degree of crystallinity. PBS displays similar crystallization behavior and mechanical
properties to those of polyolefin such as polyethylene. It has a good tensile and impact
strength with moderate rigidity and hardness. The Tg is approximately —32°C, and the
melting temperature is approximately 115°C (Asim Kumar Roy Choudhury (2017)). In
comparison with PLA. PBS is tougher in nature but with a lower rigidity and Young's
modulus. By changing the monomer composition. mechanical properties can be tuned to
suit the required application. PBS and their blends have found commercial applications
in agriculture, fishery, forestry, construction. and other industrial fields, which includes
mlch film, packaging, and flushable hygiene products and used as a non-migrant
plasticizer for polyvinyl chloride (PVC). In addition. it is used in foaming and food
packaging application. The relatively poor mechanical flexibility of PBS limits the
applications of 100% PBS-based products (YajieZhonga et al., 2020). However, this can
be overcome by blending PBS with PLA or starch to improve the mechanical properties
significantly, providing properties similar to that of polyolefin (Formela. et al.. 2017).

1.7.2.3.Polylactic acid
Polylactic acid (PLA) has been known since 1845 but not commercialized until
early 1990. PLA belongs to the family of aliphatic polyesters with the basic
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constitutional unit lactic acid. The monomer lactic acid is the hydroxyl carboxylic acid.
produced by bacterial fermentation using starch or sugars as a carbon source. Even
though. corn has the advantage of providing a high-quality feedstock for fermentation.
results in a high-purity lactic acid leads to efficient synthetic process. Depending on the
microbial seed culture. dictates the production of l-lactic acid or d-lactic acid
(HayatiSamsudin and NorziahM Hani (2020)).

PLA can be synthesized from lactic acid by direct polycondensation reaction or
ring-opening polymerization of lactide monomer. However, it is difficult to obtain high
molecular weight PLA via polycondensation reaction because of water formation during
the reaction. Nature Works LLC (previously Cargill Dow LLC) has developed a low-
cost continuous process for the production of PLA (Binay Bhushan and Rakesh Kumar
(2019)). In this process, low molecular weight pre-polymer lactide dimers are formed
during a condensation process. In the second step, the pre-polymers are converted into
high molecular weight PLA via ring-opening polymerization with selected catalysts,
Depending on the ratio and stereo-chemical nature of the monomer (1 or d), various
types of PLA and PLA copolymers had been produced.

PLA is a commercially interesting polymer as it shares some similarities with
hydrocarbon polymers such as polyethylene terephthalate (PET). It has many unique
characteristics. including good transparency, glossy appearance, high rigidity, and
ability to tolerate various types of processing conditions. PLA is potential to replace
traditional polymers namely PET. PS, and PC. with its thermoplastic nature. Which has
been used for packaging to electronic and automotive applications (Sanjay Kumar
Sharma, and AckmezMudhoo, (2010)). While PLA has similar mechanical properties
to traditional polymers. but the thermal properties are not attractive due to low Tg of
60°C. Nature Works LLC. USA. is the major supplier of PLA sold under the brand
name Ingeo. with a production capacity of 100.000 ton/year. There are other
manufactures of PLA based in the USA. Europe, China, and Japan developing various
grades of PLA suitable for different industrial sectors such as automobile, electronics,
medical devices, and commodity applications (Aleksandra Nesic et al., 2020). PLA is
widely been used in food packing (including food trays, fableware such as plates and
cutlery, water bottles, candy wraps, cups, etc.). Generally, PLA has highest heat
resistances and mechanical strengths of all bio-based polymers. Even though it is still
not suitable for use in electronic devices and other engineering applications. NEC
Corporation (Japan) recently produced a PLA with carbon and kenaf fibers with
improved thermal and flame retardancy properties (Yousefi, Hossein et al.. 2018).
Fujitsu (Japan) developed a polycarbonate blend with PLA to make computer housings.
PLA also been used as a membrane material in chemical industry.

The ease of melt processing has led to the production of PLA fibers. which are
a wide variety of textiles from dresses to sportswear. furnishing to drapes, and soft
nonwoven baby wipes to tough landscape textiles. These textiles can outperform
traditional fextiles made from synthetic counterparts (Ramesh et al. 2013).
Bioresorbable scaffolds produced with PLA and various PLA blends used in implants
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for growing living cells. The US Food and Drug Administration (FDA) has approved
the use of PLA for certain human clinical applications. In addition, PLA-based materials
been used for bone support splints.

1.7.2.4. Bio-polyethylene
Polyethylene (PE) is an important engineering polymer traditionally produced
from fossil resources. PE produced by polymerization of ethylene under pressure,
temperature, in the presence of a catalyst. Traditionally, ethylene produced through
“steam cracking of naphtha or heavy oils or ethanol dehvdration (Xive Han and
Xiaodong Li (2020)). With increases in oil prices, microbial PE or green PE being
manufactured from dehydration of ethanol produced by microbial fermentation. The
concept of producing PE from bioethanol is not a particularly new one. In the 1980s,
Braskem made bio-PE and bio-PVC from bioethanol. However. low oil prices and the
limitations of the biotechnology processes made the technology unattractive at that time.
Bio-PE is a by-product derived from bioethanol at industrial scale using sugarcane and
other bio-renewable feed-stocks including sugar, beet, starch crops such as muaize,
wood. wheat, com, and other plant wastes through fermentation (Investopedia (2020).
Bio-based polvethylene has exactly the same chemical, physical and mechanical
properties as petrochemical polyethylene. Braskem (Brazil) is the largest producer of
bio-PE with 52% market share, and this is the first certified bio-PE in the world.
Similarly, Braskem is developing other bio-based polymers such as bio-polyvinyl
chloride. bio-polypropylene. and their copolymers with similar industrial technologies.
The current Braskem bio-based PE grades are towards food packing, cosmetics,
personal care, automotive parts. and toys (Daniel Loeschen (2019)). Dow Chemical
(USA) in cooperation with Crystalsev is the second largest producer of bio-PE with
12% market share. Solvay (Belgium), another producer of bio-PE. has 10% share in the
current market. However, Solvay is a leader in the production of bio-PVC with similar
industrial technologies. China Petrochemical Corporation also plans to set up production
facilities in China to produce bio-PE from bioethanol (Haunget o/, 2008). Bio-PE has
advantages than fossil-based PE and is been widely used in engineering. agriculture,
packaging applications because of its low price and good performance.

A rich source and plenty of available Natural fatty acids conversion into long-
chain aliphatic polymers was recent past developments. Different kind of monomers
were developed and further converted into aliphatic greener long chains of polymers but
not having similar physicochemical properties like commercial. Moreover, there is a
need to develop new stratagies to develop highly purified and economically cost
effective, which is more feasible to the customer reliable monomers, along with said
qualities it must possess high molecular weight long chain aliphatic polymers must
bring into or convert in microstructures and controlled for specific application.

2.0 Conclusions and future Scope

Renewable biomass have playing vital role in the generation of newly derived
with more compatibility and viable polymers to replace the existing polymers. Lignin-
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derived poly-meric materials, biobased polyolefins, and long-chain aliphatic polymers
are the new era of polymers occupies the sustainable polymers role at commercial point
of view. Among the listed one PAll, commercialized in the market with small
occupancy. Due to the ever-increased rate of demand of commercial polymers, there is a
need to supply in a feasible or low economic to the consumer and to overcome the
present challenges. Henceforth there is need to implement to attain the sustainable
economy in the production of renewable biomass based polymers. different
physicochemical properties change has to be done to compete with commercial
polymers. The cost of biobased polymers less economical than commercial polymers.
Polyolefins are the alternative for renewable biobased polymers to replace the market or
commercial polymers. Novel polymeric materials with efficiency in its function has to
be synthesized. Biomass such as lignin, cellulose, and fatty acid are cheap and could
modify easily. Care must be taken while designing the greener polymers to achieve the
best derivatives of monomers and polymers. In the coming era of chemical synthesis of
bio-based polymers.
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ABSTRACT

Most recent twenty years are considered as the improvement period in the field of Digital Technologies. The advancement of
computerized innovation reflects in pretty much every space. Academics, Finance, Agriculture, Banking, Transport, and wellbeing
areas promptly acknowledged the execution of Digital innovation. Contrasted with all different spaces advanced innovation
encouraged the commerce sector to its fullest. The improvement of Digital Marketing during the 1990s and 2000s changed the
route brands to advance their items and their advertising arrangements. Online business organizations like Paytm, Mobikwik,
Amazon, Flipkart. and so forth out of nowhere turned into an essential piece of our everyday life. Advanced Marketing is the mix
of trade and computerized innovation proposed to develop the business and increment business results. It likewise focuses to give
simple reach to clients who favor possibly one of the two methods of on the web and window shopping. Digital Marketing is the
ideal blend of Computer Science and Commerce to arrive at the most extreme number of clients in next to no time. The
showcasing and client reach quickens manifolds due to ever-developing advancements in the field of social media and internet
culture. Every one of these improvements in Digital Marketing causes us to think about the numerous irrefutable realities. It is
clear that with the ceaseless development of digital showcasing, someplace our own space and security are undermined. Our paper
principally centers around the definite examination of two boundaries, understanding the genuine capability of Digital Marketing
according to the current situation and to distinguish distinctive advanced promoting procedures to support up the commerce
sector. We additionally investigate whether Digital Marketing exploits our data and what strategies should be actualized to keep
up client information respectability. The case studies and contextual investigations are additionally considered to validate our
perceptions and results on campaign marketing. e-commerce marketing, social media optimization marketing, e-mail direct
marketing, etc.
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Introduction Mobile apps are also one of the major digital marketing
accelerators by acquiring 26% of the product search. [1]

There was a time when marketing meant newspaper.
television, radio, magazine ads but with the growth in the
digital sector and internet, today's digital technology is at its
peak. Everyone relies on the digital form of marketing as it is
easy to reach, responsive, and cheap. Digital Marketing is
one of the most recent domain which equally utilizes the
technology of Computer Science and business strategies of
Commerce sectors. This perfect partnership makes it one of
the most eminent and Sureshot techniques for successful
business and capital sustainability. Reaching the client,
understanding their needs, landing them on genuine and
original products are the three major roles of digital
marketing. The sudden improvements in the hirings of
Digital Marketing Experts in the corporate sector display the
true caliber of digital marketing.

The Google marketing team identified that 33% of the
customers directly visit the product websites to purchase
their required products. It is also identified that 48% of
customers like to visit search engine sites to find the suitable

and desired products they would potentially be purchasing. Figure 1. Digital Marketing Components.

l
\
|

Cnrial Modia !

| Digital Marketing

1110
www.psychologyandeducation.net




PSYCHOLOGY AND EDUCATION (2020) 57(9): 1110-1114

ISSN: 00333077

Online marketing is a must for companies to sell their
products through internet applications and E-
Commerce websites. The popularity of E-Commerce due to
digital marketing is so high that many companies don’t even
open their outlets but sell through online mode only. This
makes them save a huge sum of money on office rentals and
staff hiring. To promote their products to the highest possible
customers. companies always research over different popular
platforms. Some of the major platforms popular now to
promote products through digital marketing are Facebook,
Google, Twitter, Instagram, etc. Digital Marketing always
relies on one of its main strategies called engagement
marketing. The principle of engagement marketing uses the
collected information on potential and returning customers
based on their interest, budget, requirement, etc. The
targeted audience is one of the sure-shot customers. Old
couples with good financial stability will always look for
health insurance and the young couple with good financial
stability will look for cars, tours, and holidays. The audience
based on their most required needed products is considered
as the targeted audience. They are the most prominent
customers, with whom the sales are much easier. This
complete information can be segregated and targeted using
digital marketing much efficiently.

Literature Survey

[1]. Laura Lake explained the strategies to promote business
online in her article published in the (BSB) Balance Small
Business. 1t is briefly explained about the steps to be taken to
promote the business. The overall strategies are categorized
into 10 processes. Some of the major suggestions are to
provide a better website so that users would be engaged with
the contents, to utilize (SEQ) Search Engine Optimization so
that users will land onto the company page easily, to hire
professionals for digital marketing, to use E-Mail marketing,
to maintain a blog and so on. The strategies are innovative
and have sure-shot implementational benefits. The website is
one of the most basic and landing spaces for the strategic
customer planning of digital marketing which is well
explained to be interesting and informative. SEQ is very
important to get more customers on the website. The more
number of customers landing on the company page reflects
better sales and business. Professionals of digital marketing
can use their specialized skills to promote the company’s
business to its ultimate heights. E-Mail marketing directly
reaches the customers who need to purchase the required
products, it enables the companies to provide all information
about their product to a customer who did not even reach
their website. It is a personalized marketing strategy for
digital marketing. Overall all concerned matters are covered
and possible to implement in a real-time digital marketing
scenario. [2]

[2]. Neil Patel explained the tactics of digital marketing.
Most of the promotional tactics are almost similar to Laura
Leke’s but many additional points are there to consider.
Some of the major highlighting points are to join or create a
Facebook page, participate in different forums, comment on
relevant content, start an eBay store. try in the foreign
market. and so on. If the above said tactics are considered it
could seriously affect the business positively and profitably.
Joining or creating the Facebook page can attract a large
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number of customers due to its largest database and
maximum customer reach. Facebook ads can be launched
with a minimum sum by targeting different audiences based
on marketing needs. Different forums joining and discussing
the products lead to a large number of audience attraction
who are most potential customers. Starting an eBay store is
always a good idea to sell the product online. The marginal
portion of the amount given to eBay as the sales margin
provides worldwide access to several online selling facilities.
He also explained a key factor that is generally not
considered. He said, just if you are a small business, it
doesn’t mean that you should not try in the international
market. The listing and sales in the international market can
provide the business with its ultimate possibilities and
promotion. [3]

[3]. Md Azharuddin explained the future scope of Digital
Marketing in India. He explained that 59% of the world’s
population uses the internet. Just before 25 years, the total
percentage of internet users worldwide was just 1%. In this
59% population also maximum percentage is for youth and
the highest percentage of youth is in India. These statistics
are evident enough to justify the calculation of google's
report of India’s potential to reach 100 Billion § in E-
Commerce. For centuries India is one of the biggest markets
and after the promotion of Digital India, its E-Commerce
strength has increase manifolds. India already surpassed the
USA in the number of Internet users with the launch of
Reliance Jio which further strengthened E-Commerce
through Digital Marketing in India. He further extended that
Digital marketing has increased job opportunities in India in
Junior, Mid Level, and Higher level career options. Starting
with the Digital Marketing intern to the Digital Branding
head there are many positions available in the Digital
Marketing field. Every organization welcomes someone who
can increase their clientele. Digital Marketing has huge scope
in India both in terms of job opportunities as well as for
business extension and profitability. [4]

Digital Marketing & Traditional Marketing:
An Overview

Digital Marketing utilizes the digital channels of marketing
like web-based media, sites, and informing to advance
business and items. At the point when we visit any site and
the promotion ads pop up, that is an illustration of Digital
Marketing.

Traditional marketing is the general type

A. Digital Marketing vs. Traditi
TABLE I. DIGITAL  MARKETING
MARKETING

Digital

Traditional Marketing Marketing

The Audiences | The audience encounters
conventionally encounter | marketing messages in
marketing messages  like | digital forms like
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Hoardings.

newspapers.
billboards. etc.

marketing ads popups on
and  social
media.

Traditional marketing is
expensive. hard to
calculate reach to
customers. direct
interaction is not present.

Digital marketing is
comparatively  cheaper.
casy to calculate the reach
to  customers.  direct
interaction is present in
the form of live chat.

the

It is less annoying but
engaging.  validity  is
reliable. does not keep
changing all the time.

It is annoying sometimes.
keeps changing all the
time. validity is not
guaranteed.

the
it's

As per the current
scenario. it's less popular.

As  per
scenario.
popular.

current
more

a. Comparison table of Traditional and Digital Marketing

Types of Digital Marketing

There are several types of Digital Marketing but mainly they

are categorized into seven major types.
Search Engine Optimization (SEQ)
Social Media Marketing

Pay Per Click (PPC)

Content Marketing

Email Marketing

Marketing Analytics

Mobile Marketing

QmMmoOm~

>

Search Engine Optimization (SEQ)

best

8 i pondicherry

» SPLEARNING CEN

» KALVIHIGHER
« Indus Languages

Mo k2ms

Figure 2. Google Keyword Search.

Most of the search for the products start from search engines.
SEO deals with the correct ranking of the seller’s website on
the topmost listing. If the SEO is managed well on the
website then users land immediately after their search to the
seller’s website. The contents of the website should be
readable. links and hyperlinks should be active, and search

www.psychologyandeducation.net

terms should be relevant to queries. These steps make the
website much visible in the internet galaxy of websites. [6]

B. Social Media Marketing

£t Welcome Message
Special Ad Category
o See All Previews

Estimated Daily Results
Audience

®

o Payment Summary

Boost Post Now

Figure 3. Social Media Product Promotion.
Social Media Marketing is a strategy to attract the maximum
possible number of customers online. Most of the people
around the globe are available on social media and almost
active throughout time. Any ad which appears on social
media platforms is highly appealing and has the maximum
reach to potential customers. Several social media platforms
like Facebook. Instagram, Twitter, etc. are available to the
companies for their product promotion. Facebook allows the
companies and sellers to target their audience based on the
number, age group. and region with variable price tags. This
enables the sellers to reach the customers of their product
choice. [6]

C. Pay Per Click (PPC)

A

Figure 4. Pay Per Click (PPC) Statistics. [7]
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Pay Per Click (PPC) is a Digital Marketing type in which a
seller or company needs to pay to the ad service host only
when the visitor clicks on their ad and lands on the
advertising entity’s website. YouTube and many ads
appearing on several websites on corners are examples of
Pay Per Click (PPC) ads. Many companies pay millions of
dollars for these PPC ads. The cost of advertising depends on
the value of the keywords. The more people searching for the
same or similar keyword means the costlier will be the
keyword to acquire. PPC also allows selecting whether the
people searching the keywords will receive the same result
worldwide or in a particular geographical location. If the
companies are aware of these they can save a huge sum of
money by targeting the ads on their potential customers’
locations only. [6]

D. Content Marketing

Content marketing deals with making the brand trust to make
bulk sales. It is the process of initially making a good
relationship with the customers by trusting them and
understanding their needs. It is generally not designed for a
single sale but series of sales with trusted marketing. It uses
the technique of brand explanation to increase the
understanding of the product so that customer gets attracted
toward the products. It also performs crucial processes like
Mail Signup, Newsletter and to get more information about
the customers. Several E-Books, videos, and animations are
generally used to provide brand understanding to win the
customer’s trust. [6]

E. Email Marketing

Email Marketing is still an important strategy even after the
development of social media to the large extent. Email
marketing directly reaches the customers for their exact
needs. The marketing team should make Email Marketing
many interesting contents to attract the customers and to
provide them the outlook of the products. [6]

F. Marketing Analytics

The Marketing analytics deal with the customer's behavioral
analysis. Digital marketing has a unique feature that is
trackable and transparent. The Marketing analytics allow the
seller to track a lot of customer behaviors like the number of
times the coupon codes are used, the emails are opened, the
newsletter is read, links are clicked. and how many times the
webpage is executed. etc. This makes the marketer target
their ads to potential clients. [6]

G. Mobile Marketing

Most people use the internet on their mobile phones. It is
much handier to catch people on their smartphone ads. This
mode of marketing concentrates on social media, app links,
websites. and text messages. Receiving an advertisement and
promotional text message usually comes under this category.
Only in the United States customers spend five hours a day
on their smartphones. More or less all over the world
maximum time spent on any digital medium is the
smartphone. which makes it the most suitable channel for

www.psychologyandeducation.net

marketing. Proper strategic planning of Mobile marketing
can boost the brand value and purchase to its maximum. [6]

Cyber Security Concerns in Digital Marketing

The Digital Marketing process passes through the gateway of
the huge amount of personal data obtained from the
customers. The personal data exposure to an illegitimate
entity can lead to disastrous consequence. The sales
information. card details, purchased products are sufficient to
bring heavy consequences in one’s life. It is the prime duty
of digital marketers to guarantee the security of personal data
acquired from the end-users. Certain Guidelines should be
provided to the customers and even the marketing service
provider should also keep their security features intact to the
most priority slab. [8]

The major considerations and suggestions are as follows.

° Password Security Should be on top priority to
avoid any unauthorized access by 2 step verification.

. Hardware and network should be monitored
properly for hacking chances and security breaches.

. Employees' policies should be strict enough so that
they should not leak any user’s data.

® Click Frauds, Man in the Middle attacks should be

continuously checked by the professionals.
Conclusion

Thus we analyzed the current scenario of Digital Marketing
in India. Digital Marketing has the potential to easily bring a
brand to its maximum sales target due to its reach and
popularity through several digital media. There are several
types of digital marketing and based on our requirements we
need to choose them wisely. We also discussed the
possibilities of data breaches and the chance of their misuse.
It is further discussed that how we can maintain the user’s
data security using certain key points..
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Abstract: The purpose of this observe become to
perceive the elements associated with the trainer’s
attitude involved in oral communique of ESL college
students. The investigation changed into executed at
Bahawalpur, Pakistan. This research changed into
pronounced on a survey study and used a
questionnaire for the students and interview format for
the teachers as tools to investigate the issue. The
interview become taken from 40 particularly skilled
ESL/EFL teachers; and for questionnaire almost one
hundred students from each college were selected,
total 498 ESL college students participated on this
research. The information supplied thru interview
Jrom instructor was analyzed qualitatively and the
records from the students turned into analyzed thru
SPSS and Microsoft Excel. the subsequent conclusion
changed into drawn from the records gathered from
this  research: instructor’s mind-set motivates
debilitating speakme factors. This investigation has
proved explanatory implications and moreover this
look at additionally examined the attitudes and
opinions of language teachers approximately second
language studying and teaching. moreover, the
research advised an expansion of techniques for
beginners to cope with second language tension.

Keywords:  Oral  communication  snooping;
Communicative  skills; Teacher's demotivating
attitude; Teacher’s essential motivation; Hesitation
due to interruption; Anxiety in oral competency.

L Introduction
In step with Hewitt and Stephenson (2012) teachers
and researchers are well known for many years that
language studying method, no doubt, may be very
traumatic enjoy for lots students. Examiners in general
have been concerned in exploring, recounting, and
sufficiently measuring debilitating factors, in foreign
languages specially, simply to help the students to deal
with anxieties and to enlighten their language
presentation. nerve-racking overseas language
learners consider the reality that even though they are
properly prepared for language elegance they get
annoying. extra warfare lead them to tenser because
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they continually feel that other students will perform
higher than them (Gregerse and Hurwitz, 2002).
moreover, constant disturbance or anxiousness has
opposed affects on language acquisition. So there's
want to tackle the troubles associated with oral
competency. this will be helpful to recognize what
interventions want to lower adversarial anxiety,
substituted by using facilitating kind tension which
may encourage the students in mastering method
(Hewitt and Stephenson, 2012).

there may be serious want to recognition on existence
of talking factors and its function in language
mastering before it receives worst. Macintyre and
Gardner (1991) state that, the difference among
language anxieties and other form of anxiety is
understood and now could be called the principle
problem to recognize the position of anxiety in
language learming. college students are experiencing
uneasiness in language studying for decades. in the
records of language anxiety, speak me tension is
counted as maximum tension generating (Zhang and
Zhong, 2012). moreover, younger (1991) found that
peers revel in superb fear in speak me the target
language before, others in evaluation of writing and
studying. proposes that to address with the language
problems first there's want to apprehend the speak me
anxieties, terrible assessment and different elements
which generate overseas language studying anxieties.

II. Statement of Problem
In Pakistan English has end up repute representation
in social life. The globalization of English in every
discipline specially in schooling device of Pakistan is
compelling students to talk in English but sometime
due to instructor’s attitude, the scholars sense strain in
oral verbal exchange. So there is unique want to
attention on 2d language mastering anxiety prompted
due to instructor’s manners.

III. Aims and Objectives
The purposes of this investigation were:
. to spotlight the most important stressors and
debilitating factors arose due to trainer™s mind-set
amongst ESL students at graduate i
talking English.
. To become aware of
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in classroom at graduate level instructions because of
the instructor™s attitude.

. To help the teachers to recognize the pupil”s
tension perfectly because of their own attitude.

IV. Research Questions

1. whether factors associated with teacher’s
mindset bog down learners™ verbal exchange talents
and put off ESL studying procedure and learner’s
development?

2. Is there any courting between ESL oral
competency skills and teachers mindset closer to
inexperienced persons.

V. Hypotheses

1. Teacher’s attitude motivates debilitating
speaking factors.

Significance of the Study

The basic purpose of this studies turned into to analyze
the lifestyles and the extent of English language
speaking issues among ESL graduate degree college
students due to instructor’s attitude. The final results
changed into legitimate for educators to check their
coaching strategies and college students facing
tension. The examine was supportive for teachers to
apprehend their scholar’s problems deeply with a
higher guidance in resolving their apprehensions
through heading off their demanding coaching style.
furthermore, studies changed into beneficial to have a
look at talking anxiety issues related to the teacher’s
attitude notably in college surroundings of Pakistan.

Delimitations of the Study
. This studies handiest explored the outcomes
of trainer’s attitudes on talking competencies.
. information became accumulated handiest
from graduate degree government colleges of
Bahawalpur, with suggest age eighteen to twenty
years.

. The look at changed into delimited
to research the function of debilitating factors on
learners" talking skills most effective.

VI. Literature Review

This chapter provides complete assessment about
stressful elements arose from trainer’'s mind-set
concerned in oral interaction

Ancxiety and Language Learning

Anxiety tension may be described as the sensation of
burden and nervousness in particular associated with
the second language gaining knowledge of
environments; might be in speaking, listening and in
writing (Onwuegbuzie et al., 1999). it's far nicely
defined that learner is suffering from anxiety when he
isn't learning nicely, bunking from elegance, not able
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to reply or even no longer doing assignments; teachers
and educators are atypical that what taking place.
young (1991) indexed six resources of classroom
language anxiety given below: (1)“personal and
interpersonal anxieties, (2) learner beliefs about
language mastering, (3) instructor beliefs about
language mastering, (4) teacher-learner interactions,
(5) classroom methods,(6) language trying out™(Pr i,
2 thirteen).

VII Foreign Language Anxiety

There t are numerous styles of tension however whilst
anxiety buddies with foreign language then it's miles
called FLA. no question it’s vary complex and
multidimensional enjoy (Tanveer, 2007). FLA can be
described as an man or woman’s feeling of tension,
uneasiness, anxiety, and burden related with a
stimulation of the automatic apprehensive gadget
(MacIntyre and Gardner, 1991; Tanveer, 2007). in step
with Al-Saraj (2011) Oxford at some point of the
procedure of studying students revel in anxiety and it's
far foreign language anxiety (FLA). in keeping with a
ramification of researchers (Horwitz et al., 1986;
Maclntyre and Gardner, 1991) FLA can break the
process of fulfillment in mastering the second
language. FLA occurs due to “self-assumed” critiques,
emotions and performances associated with lecture
room of 2nd language getting to know for the duration
of language learning procedure (Horwitz et al., 1986).
FLA is also unique from trait tension, which is a long
lasting. in step with Horwitz et al. (1986) in truth FLA
is situation particular tension and unique from all other
anxiety. This kind of anxiety occurs in positive
conditions like public speaking or contributing in
magnificence (Ellis, 2008). FLA is unique in feel that
it occurs particularly within the precise foreign
language getting to know environment. Many
investigators (Horwitz et al. (1986) mentioned in price
(1991)) said that in overseas language learning first
tension felt by means of novices, in listening and
speaking.

Anxiety Induced by Instructor’s Attitude

According in keeping with behaviorist learning
technique that teacher’s negative reactions to learner’s
mistakes can promote learner’s fear and preclude
future verbal exchange. commonly teachers initiate
nervousness due their antique ideas in language
coaching or because of way of errors improvement.
sometime instructors acts like “drill sergeant” rather
than a “facilitator” (younger (1991) stated in Tanveer
(2007)). common correction on i
the classroom leads rookieg/4o"
awkwardness and they end upy acufel
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lacks (Tanveer, 2007).

college students found out that during school room
their errors and deficiencies are mentioned due to strict
and reserved lecture room surroundings that initiate
their pressure (Tanveer, 2007).

Harmer in 2011 condemns the idea that students get
stressed in a state of affairs being pressured to speak
English and to grow to be unbiased and stated that the
reality is that in the phrases of an vintage English
proverb, you may lead a horse to water but you could
make it drink. And if it does now not want or want to
drink, you have to not make it achieve this anyway. a
few college students, like horses at water’s part,
simply don“t get it; for them the instructor is the one
who is chargeable for their learning, and that they
anticipate the teacher to do their task. confronted with
the reluctance of at least a number of the students in a
collection to assume employer, we should recall what
we will do both for the ones college students and for
others in the organization who're keener at the idea of
taking learner responsibility. (P.23)

The commanding, embarrassing and humiliating
conduct of the educators toward students is
debilitating element gambling essential function in
oral competency (Tanveer, 2007). Many instructors
take lecture room time as simplest overall performance
time for college kids, no longer studying duration. The
maximum not unusual grievance approximately
teachers turned into determined that lots of them made
lecture room time a performance rather than a studying
time (Tanveer, 2007). Learner’s bond with their
instructors also causes anxieties (Na, 2007).

IX. ESL Learning and Teaching in Educational

Perspective of Pakistan

it's far vital to evaluate the connection among English
language, its development, studying English as a
overseas or 2nd language, and pedagogical implication
of English language. English is now a lingua franca or
a ,international language™ identified on global level.
In Pakistan, at each the person and national levels
English language is innovative language (Shamim,
2011).

No hesitation, the linguistic map of Pakistan is
complex because of many languages as all provinces
have their personal dominant languages and some of
minority languages. So Pakistani societies are
multilingual and multicultural (Shame, 2011). Its
somewhat difficult to command over all languages
flawlessly but as English is world language so humans
need to gather English flawlessly.

according to (Shamir, 2011) in Pakistan current
authorities coverage ,,schooling for All” centered on
ESL coaching and gaining knowledge of, beautify the
use of English within the global level. perhaps its
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complicated policy troubles each for aid and
achievement nice in English language in Pakistan.
furthermore, English in Pakistan is successful, repute
image and additionally a key to national progress for
both rich and negative for destiny lifestyles of their
kids.

ESL Learning

ESL learning in Pakistan isn't always as an awful lot a
success due to many factors. nearly greater than half
of of learner’s ESL mastering is demanding because of
mental and sociocultural elements as this take a look
at become additionally research of debilitating factors
involved in English verbal exchange. In Pakistan,
training systems are of different typed, totally on bases
of medium of instruction as diagnosed English
medium and Urdu medium. by and large for higher
class is personal English medium faculties and the
Urdu medium colleges are specially for poorer
(Shamim, 2011).

English medium non-public faculties absolute
confidence deliberate high exceptional training and
evolved school rooms via the medium of education in
English, resulting rich college students in full
command and higher degrees of expertise in English
(Shamim, 2011).

ESL Teaching

According consistent with Pr i (2 13) that the
objectives of foreign language teaching are to make
students fluent in goal language verbal exchange.
To analyze second language correctly, wellknown
know-how is used in speaking and writing referred
to Communicative Language coaching (CLT). in
step  with - Larsen-Freeman  (2000) that
Communicative Language coaching (CLT) became
hooked up in Nineteen Eighties while it have
become clear that to make beginners fluent in verbal
exchange desired no longer handiest linguistic
competence, but also in other wider communicative
competence. moreover, in Pakistani groups ESL
coaching isn't always as a whole lot a hit as became
anticipated because of instructors mindset as
mentioned above in this bankruptcy. as a
consequence, for every succeeding government the
coaching of English mentioned as serious difficulty
(Shamim, 2008).

X. Research Methodology

Research Design
Questionnaire’s  questions were drawn from the
literature overview. initially, all authoei
colleges were decided on for
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Sampling changed into two staged sampling. before
everything stage one of a kind arts and technological
know-how instructions had been selected through
cluster random sampling. At 2nd stage actual sample
from the ones clusters have been decided on through
random sampling. instructors pattern became decided
on via convenient sampling from the same colleges, on
the idea of suitability with humans most convenient to
method in restrict of time.

The survey held throughout the ordinary magnificence
hours. Questionnaires had been given to the
inexperienced persons in published form to fill them.
The researcher first in brief brought the subject of the
research and administered and translated the questions
in Urdu to keep away from misunderstandings.
students have been free to present their own and
authentic answers. students have been allowed now
not to mention their names to maintain their secrecy in
the event that they feel uncomfortable. moreover it
changed into non-compulsory to present their answers
in Urdu in the event that they couldn't explicit in
English to recognize the real reason of speaking
troubles. A face to face direct semi dependent direct
interview in English became desired for the lecturers.

Research Population

The target populace become the male and girl students
from different disciplines of technology and
humanities organization. The approximate population
of college students at graduate level changed into
about 4000 analyzing in different faculties of
Bahawalpur town.

Sample Size

From the above given populace 498 college students
were decided on. The imply age of sample became
from eighteen to 20 years. For this research
surprisingly skilled 40 English language teachers had
been decided on from the equal faculties. said age of
teachers become from thirty to fifty years and their
coaching enjoy ranged from eight to twenty 5 years.

Data Collection Tools

For this evaluation, the statistics changed into gathered
thru open and closed ended questionnaire from
students and from language instructors with the help
of interview. The questionnaire consists of fourteen
closed ended questions. Semi structured interview
become based totally on 4 questions covered all
possible debilitating socio cultural elements.

Tools Validity

The specialists and experienced personals with extra
than ten years of teaching reports of the relevant
situation have analyzed the device validity; ten
commandants (Ph D) have been taken to validate the
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questionnaire.

3.6. Data Analysis

This changed into blended studies. Qualitative
information became taken and research questions have
been glad via the quantitative analysis of by way of
using SSPS, Microsoft Excel, Tables and charts. in
addition, both quantitative and qualitative strategies
have been followed in the course of studying data and
given interpretations consequently.

XL Findings and Discussion

Findings

The The look at investigated that (84.1%) students
have been within the want of the statement that much
less fluent speaker turned into made more irritating by
using the lecturers, in contrast to fluent speaker. the
general suggest score was 4.04.information revealed
that (ninety.6%) college students had been within the
choose of the statement that facilitating and nice
mindset of teachers preserve ESL newbie’s at ease and
stimulated learner’s oral overall performance and the
overall suggest rating changed into four.35.facts
uncovered that (seventy five.3%) college students
were in the choose of the assertion that scholars get
confused in a state of affairs of being forced to talk in
English. the overall suggest rating changed into
four.01.moreover, (sixty six.7%) college students had
been agreed that Formal & reserved elegance setting
is major cause of strain and barrier in fluency. the
general imply score turned into three.57.statistics
confirmed that (70.5%) college students have been
within the choose of the announcement that their
English teachers did now not opt to deliver lectures in
English. the overall mean rating became 3.eighty
three. data uncovered that (seventy two. three%)
college students had been within the desire of the
statement that scholars felt lack of confidence whilst
they're requested to compare their very own oral
competency with their classmate. the overall imply
rating became three. ninety three. facts found out that
(64.7%) college students have been within the prefer
of the announcement that teachers used humiliating
behavior to snub oral performance. the general imply
score turned into 3.7l.information found out that
(sixty two%) college students have been in the desire
of the declaration that because of authoritative and
humiliating behavior to oral performance, rookies felt
hesitations even communicating earlier than their
teachers. the overall imply score was three.60.records
uncovered that (77.1%) students have been inside the
desire of the assertion that wonderful attitude of
instructors, facilitated learner’s oral performance. the
overall mean rating changed into 3.96.statistics found
out that (sixty seven. Nine%) students have been
within the favor of the st hat frequent
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condemning conduct to speak in addition. the general
suggest score changed into three. sixty five.n
interview evaluation, the most repeated remark turned
into that instructors themselves stated that the
teacher’s mindset turned into also responsible to
shatter the learner’s motivations. additionally, loss of
professional and educated teachers in substandard
faculty was additionally nourishing tense learners.
often in Pakistani cultural teachers act like a
commander and never hesitate to humiliate learner’s
admire on mistakes. because of loss of skilled and
educated instructors, sub trendy college schooling,
inadequate self assurance and practice; college
students aren't obtaining oral competency flawlessly
and sense it as tough to accumulate,
Graph Showing Affecting factors due to teacher’s

attitudes

Factors dueto Teacher's Attitude

Storghagree K

Dorthnow  Dissgree  roegly
=0

The gathered and brand new evaluation indicated that
there is combined opinion as proven in graph.
Strongly agreed and agreed graph*s moves confirmed
that scholars fantastically authorized the statements.

Discussion

Analysis of statistics correctly proved hypotheses. As
hypothesized, this studies correctly portrait the all
probable elements related to the teacher*s attitude.
rescarch analyzed that teachers commanding;
embarrassing attitude and frequent remarks on
mistakes had been superb elements, aroused due to
instructors and become additionally discussed in
studies of (Tanveer, 2007) and (young, 1991). Others
researchers also explored from their studies like
Hilleson (1996), Tanveer (2007) and Harmer (2011)
that sometimes simply due to teachers (due to many
motives) students suffered. college students
experience pressure while compelled to offer oral
performances, or hesitate to make contributions in
crowd activities, leading to frustration and annoyance.
In Pakistan the language teachers aren't professional in
oral competency in particular at early college and that
they themselves sense uncomfortable, now not being
fully professional in grammar, pronunciation,
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accessory and the rules related to the spoken English.
The linguistic English particularly is neither fully
taught nor tested even via training academies. The
running shoes even hardly ever have any concept that
their schooling can also help the freshmen in
developing their communicative proficiencies because
of lacking records in regard to education and teaching
strategies, leading to worst future with complete of
anxieties (Mahmood and Ghani, 2012).moreover
novices explored the various demanding attitudes of
the teachers which affects burden on novices.

XII. Recommendations and Conclusion

Recommendations
Continued endured education must be mandatory for a
train and be observed by using an expert panel to be
aware any tension in writing and spoken English
before one™s selection. otherwise one may deliver the
identical tension and pressure among the language
newcomers and couldn't stability with the ones
destructive feelings and the pupil’s bright future
(Hashemi, 2011). As, 2nd language mastering on the
whole relies upon on instructors and each language
trainer can undertake unique behaviors to lessen
pressure. So first of all teachers need to effectively
recognize and talk the language tension after which
assist disturbing students. 2nd language studying is
difficult but this process does now not require unique
management. It simplest wishes suspicious conduct of
the language teachers so that it will recognize anxieties
(Tseng, 2012). The herbal and excellent behavior of
teachers toward their scholar can be extra relaxing as
opposed to authoritative mind-set and is probably
greater obedient. instructors have to assess their
coaching standards and keep away from the anxiety
upsetting state of affairs. teachers should lessen the
opposition among students in the event that they sense
that in place of advantages, competitions create
uneasiness and sense of insecurity among stressful
learners (Hilleson, 1996). instructors have to
apprehend leamner’s pressure and need to adopt
techniques from cognitive, affective, and behavioral
techniques to reduce their tension (Tanveer, 2007) and
avoid speaking greater honestly that would contribute
and provoke tight lipped however inflammation in the
elegance (Tsui, 1996). destiny studies can be
undertaken in the path for similarly identity of
debilitating factor involved in oral competency, which
must be extra affordable, as learning a second
language is complete of hysteria. unique study is
likewise mandatory on elements removing debilitation
in oral competency, considering the societies of
Pakistan.

Conclusions
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Researcher concluded that embarrassing conduct of a
supervisor towards student tuned into a debilitating
component due to the fact students can’t talk with
teacher with out hesitation and even can not ask
questions without problems due to their authoritative
and humiliating attitude. The formal, reserved,
authoritative and forcing conduct of supervisors is
excessive purpose of pressure among novices, which
make the students disinterested and non stimulated.
college students get careworn in a scenario of being
pressured to talk. in the main English instructors do
not prefer to supply lectures in English as a substitute
in local language and help widespread dialect handiest
in written English. furthermore, studies analyzed that
trainer’s commanding; embarrassing mind-set and
frequent comments on mistakes were ideally suited
factors. The study investigated that typically instructor
encouraged fluent rookies and examine them with
much less fluent speaker, which created lack of
confidence in demanding college students.
furthermore researcher concluded that formal &
reserved magnificence setting is main reason of
pressure and barrier in fluency. additionally it is
revealed that teachers used humiliating conduct to
snub oral overall performance so due to authoritative
and humiliating conduct to oral overall performance.
In reality instructor’s attitude become accountable to
shatter the learner’s motivations. teachers in no way
hesitated to overwhelm scholar’s admire on errors.
additionally, lack of professional and educated
instructors in substandard faculty became additionally
nourishing worrying rookies. it's miles concluded that
facilitating and advantageous attitude of teachers keep
ESL leammers cozy and prompted leamer’s oral
performance.
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Abstract: Polymers from naturally derived ones, such as polysaccharides, proteins, cellulose, and rubber, among the listed
starch (polysaccharides) has found various applications due to their abundant presence in nature and their
biocompatibility and elastic physicochemical properties. Polysaccharides and starch derivatives contribute a key role to
the nanoparticles, Nano clay, Nano polvmers, and nanocomposites preparation. Metallic nanoparticles have been
prepared; aside from them, silver nanoparticles are widely used and considered a metal nanoparticle with low toxicity—
naturally available and strong antimicrobial. The present study focuses on the most frequently used polysaccharides in
different applications with silver or silver nanoparticles. The work also provides a detailed overview of the synthesis,

physicochemical properties, toxicity, and agriculture farming.

Keywords: Biodegradable Nanoparticles, Silver Nanoparticles, Toxicity, Properties, Applications, and Polysaccharides.

INTRODUCTION

Daniel and Astrum depicted and summarized the
Nanoparticles' historical perspective (Harish Kumar et al.
2018) (Gitashree Darbdhara et al, 2019). Metallic
Nanoparticles are uniform in size with sharp distribution in
Nanoscale (David et al., 2015; Jorg Polte (2015)). These
particles have been synthesized with a specific function
and could be mimicked according to bind the ligand
(Prerna Khanna et al,, 2019). It falls at the size of 10-
100nm. Metallic Nanoparticles possess unique surface
Plasmon resonance and optical properties (Hardik
Khandelwalin Chemi (2020)). In the gold solution in
golden yellow color but 20nm gold Nanospheres in red
ruby color whereas 200nm Nanospheres look like bluish
color. Various research fields revealed that the silver and
gold metals are noble metals in Nanoparticle preparation
for different applications ((2019): Nanoscale Materials in
Water Purification). Faraday documented the metallic
nanoparticles in 1908, and Mie gave the quantitative
clarification of the metallic Nanoparticle color (Tiwari et
al., 2015).

Metallic nanoparticles are being used to decorate the
cathedral in the primitive era (Shivarama Krishnan.,
Gurumurthy and Balasubramanian (2017)). A predictable
feature of Nanoparticles is the ratio of surface area to
volume, which allows them to interact and diffuse directly
to treat the damaged tissues or cells at low temperatures.
Raman spectroscopy with fluorescence enhances the
surface and refractive index. Sensing nanoparticles have

application in the field sensitive optical process (Avantes
(2020)). The visible region of wavelength resonance is
influenced by the localized surface Plasmon directed by
metal nanoparticles' optical properties. The growth of
gram-positive and gram-negative bacteria growth was
inhibited by the silver and gold nanoparticles (Anes Al-
Shargi et al., 2019). Living organisms acting as a
production system for Nano devise but have difficulty in
synthesis due to the formation of toxic metallic
nanoparticles (Manoj et al., 2016). Fungi, Bacteria, and
Plants are alternatives to the production of metallic
Nanoparticles.

Stabilizing agents, reducing sugars, metal ion kinetic
interactions, size, stability, physical, chemical properties,
morphology, etc., are the factors that influence the metallic
nanoparticles' characteristics (Ajay Vasudeo Rane et al.,
2018). Physical and chemical properties metal
nanoparticles have many industrial applications, including
mechanical strengths, high surface area, low melting point,
optical properties, and magnetic properties (Chavali and
Nikolova (2019)). Gold Nanorods used _as storage
enhanced more than 100 times than the comman disk with
optical properties (Nikalje, Anna. (2013))>-FHe optical - vy
properties of gold, silver, lead, platinum article arise'\ ¥ |
from the resonant oscillation of their freg @ldctrons in the E“‘
presence of light, also known as '
Plasmon resonance (LSPR) (Organic Elec
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antiseptic properties (Josh Axe, DC, DMN, CNS (2019)
Vijilvania, et al., 2020). Cisplatin (platinum) has antitumor
activity (Heyam Saad Ali et al., 2020). Gold nanoparticles
are used to treat fever and syphilis (Baker and Perianova
(2019)).

BIODEGRADABLE/BIO-BASED POLYMERS
CLASSIFICATION

Depending on the synthesis, process biopolymers are
classified into three categories, and these include (Wound
Healing Biomaterials 2016). Polymers from biomass;
Polymers from microbial synthesis and chemically and
conventionally synthesized from biomass monomers.

BIODEGRADABILITY OF POLYMERS

Biodegradable plastic is defined as those that degrade from
the action of under the action of microorganisms.
Biodegradable polymers occupy a tremendous role in
agricultural products and waste disposal problems and
bioplastics resources' sustainability (Trivedi et al., 2016).
Alone natural polymers have drawbacks and not that
effective in the action or functioning of polymer (Khalid
Mahmood et al., 2017). Hence, there is a demand for
blending synthetic and natural polymers to become popular
with vital applications, such as cutlery, flowerpots, and
food trays (Brittter Horst et al., 2019). Bioplastics are
manufactured in two forms: wet and dry (Luzi et al.,
2019). In the wet process, biopolymers dispersion in a
film-forming solution and is used edible film coatings but
has the drawback is not eco-friendly (Ilyas et al., 2020). In
case dry, melt process, thermoplastic nature of the
biopolymer used in edible coatings. Biopolymers degrade
through the enzymatic action of bacteria, fungi, algae, and
other living organisms. The degradation products are
carbon dioxide, new biomass, and water (Nair et al., 2017).
Degradation comparison is difficult to establish due to
different composting conditions such as humidity and
temperature (Siracusa, Valentina. (2019)). Some general
rules are applicable in estimating the evolution of
biodegradability, and these include an increase in
hydrophobic character, molecular weight, and crystalline
nature of the size of spherulites decrease biodegradability,
and on the contrary, the presence of polysaccharides favors
degradation (Ozgimen, Didem, et al., 2017; Ambrish Singh
(2011)).

Principally biodegradable compounds must have suitable
chemical naturc and other factors, which contribute to
biodegradability, namely polymer morphology, radiation
and chemical treatments, and molecular weight, which
tend to cleanse to degrade the environment (Naba Kumar
et al., 2020). Take care and must-see while synthesizing
the polymer; chains must be flexible enough to fit into the
enzyme's active site (Yajaman et al., 2006). Therefore, that
degradation using the enzyme, catalysis would be
comfortable. Proteins are natural polymers, which differ
from synthetic polymers in the composition, but proteins
do not have equivalent repeating units present in the entire
peptide chain (James, Leo, and Tawfik, Dina. (2002)). So
due to its irregular nature, it has biodegradable. The effect
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of molecular weight plays a vital role in the
biodegradability of a polymer by conducting the
experiments with microbial enzymes, namely Exo and
endoenzymes, which could not degrade the polymer
instantly, while molecular weight increases (Koutny,
Marek, et al., 2006). Current status and future trends: Bio-
based feedstocks are not a novel concept in the chemical
sector, and are industrially feasible and are avail more than
a decade ago (Ndolo Obonyo et al., 2019; Kiran and Patil,
Kiran. (, 2014).

The bio-based polymer industry easily spread with the
fossil fuel-based chemical industry in the last 20 years. It
leads to a foundation for the advancement of white
biotechnology in the real world and bio-based polymers
and other chemicals from renewable resources (Bikash
Kumar and Pradeep Verma (2020)). In this connection, the
first-generation used food resources such as corn, starch,
rice, etc., to produce bio-based polymers (Deepak Kumar
and Vijay Singh (2019)). Further focused on cellulose-
based feedstocks ascended on waste from food, wood,
paper industries, plant waste, solid waste, municipal waste,
etc., were screened. The final stage of this full-pledged
chemicals took more than 20 years to span to give the
shape (Peter Kalmus (2017)). In the coming vears,
challenges that we have to face to solve include managing
raw materials, the performance of bio-based materials, and
their cost for production (Lidija Runko and Luttenberger
(2020)). To produce economical bio-based monomers and
polymers from renewable sources is another challenge
ahead. New technologies' experience and survival rate,
implementation, and functioning of technology and its
supply and demand matter to balance (Majidian, Parastoo
2017; Lin Lina Zhou 2011). Bio-based industry effort to
make bio-versions of existing monomers and polymers.
The functioning of these products is actively known.

It is very easy to replace the existing product with similar
bio-versions (Hamad, Kotiba. (2015)). All the polymers
mentioned above often display similar properties to current
fossil-based polymers. Many efforts were towards
introducing new bio-based polymers with higher
performance and value (Raghvendra Kumar Mishra et al.,
2018). Several modifications were, made to develop
various polyamides, polyesters, polyhydroxyalkanoates,
etc., with a high differentiation in their final properties in
automotive, electronics, and biomedical applications (Aitor
Larraniaga and Erlantz Lizundia (2019)). New bio-based
polymers could not fit in the current processing equipment
is the main drawback (Storz, Henning. (2014);). This may
be overcome by additive-based chemistry development
that improves the bio-based polymers' fit i

(Andrea Sorrentino., Giuliana G i It ia
g

Vittoria (2007)). Bio-based polyme
additives, industrialized to improv
blending with other polymers, or
(Lee et al., 2020). Nanoparticles
additive to improve the pol
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Renewable feedstocks used for manufacturing bio-based
monomers and polymers often compete with requirements
for food-based products (Selorm Torgbo and Prakit Sukyai
(2020)). The expansion of first-generation bio-based fuel
production was not favorable and causes a threat to the
viability of biochemical and biopolymer production as it is
to food production (Shaoging Cuia et al., 2019). The
European Commission has declared that the survey tells
about first-generation biofuels downfall market, and
preference given for non-food sources of sugar for biofuel
production (Eleni Stylianou et al., 2020). May trail and
errors were initiated to produce the sugars as a feedstock
for biofuels, biochemicals, and biopolymers (Oscar
Rosales-Calderon and Valdeir Arantes (2019)).

NATURAL FIBERS AS REINFORCING FILLERS
FOR COMPOSITES

Biodegradability uses natural fibers as plasters due to
environmental and disposal concerns for non-
biodegradable materials (Seema Agarwal (2020)). One of
the Natural fibers, cellulose, comes under the main
vegetable fiber used in composites (Layla Filiciotto and
Gadi Rothenberg (2020)). Natural fibers are widely used in
polymeric materials to improve mechanical properties
(Khubab Shaker Yasir Nawab and Madeha Jabbar (2020)).
These fibers can be classified as bast, leaf, or see-hair
fibers (Murugesh Babu, (2018)). Depending on the natural
fiber properties, the origin, quality of the plant's locations,
the plant's age, and the preconditioning (Mohau
Moshoeshoe 2017). Natural fibers have many drawbacks:
poor wettability, incompatibility with some polymer
matrices, moisture absorption and low processing
temperatures due to fiber degradation, or the possibility of
volatile emission that could affect the composite
performance (Soo-Ling Bee et al., 2018). According to the
main demerit to supplement, the natural fibers were
manipulated to prepare composites (Alan Kintak Lau and
Karen Hoi Yan Cheung (2017)). The natural fiber is the
lack of strong plaster nature to the matrix adhesion, which
reduces the composite activity overcome by the physical
treatments, including cold plasma treatment and corona
treatment. Chemical treatment includes maleic anhydride,
organosilancs, isocynates, sodium hydroxide,
permanganate, and peroxide (Yinji Wan et al., 2019).

BIOPOLYMERS FOR RESTORATIVE
RELEVANCE IN NANOTECHNOLOGY

Nanotechnology was wused in various engineering,
electronics, mechanical, biomedical, and space engineering
(Trepti Singh et al., 2017). The biomedical field applied
much more in different aspects, including controlled
drug/gene delivery, tissue engineering, imaging of specific
sites, and DNA structure probing (Ibrahim Khan et al.,
2019). Therapies using nanoparticle application are widely
used to treat cancer, diabetes, allergy, infection, and
inflammation (Mona Elsayed and Ayman WNorredin
(2019)). The fact behind nanoparticle application in
therapies is that the particle exists in the same size domain
as proteins, and large surface areas can allow a number of
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ligands (Jagpreet Singh et al, 2018). In addition,
biopolymers have a rapid absorption with high diffusion
and volume change (Physiologic Factors Related to Drug
Absorption (2017)). According to the requirement, the
particle size and surface characteristics can be tailored or
controlled (Ruslan Melentieva and Fengzhou Fanga (2020.
Organic and inorganic combination mixture has been used
to produce nanoparticles. Polymeric nanoparticles have
also been used in therapeutic applications. Biomaterials are
a delivery carrier of therapeutic molecules such as drugs
and genes and tissue engineering scaffolds (Yongda Sun
(2016)).

Even though polymeric nanoparticles were having
difficulty scaling up and low drug-loading capacity (Carina
et al., 2017), compared to ceramic or metal nanoparticles,
polymeric nanoparticles have wide sustainability to the
local drug therapeutic agents up to weeks (Carina I.C.
Crucho and Maria Teresa Barros (2017)). Both naturally
derived and synthetic biomaterials have advantageous
features (Mojtaba Abbasian, 2019). Synthetic polymers
give well-defined and fine-tunable degradation kinetic and
mechanical properties (Fa-Ming Chen and Xiaohu Liu
(2016)). Proteins offer many advantages when compared
to mnatural, synthetic. Peptides arc easily digestible by
metabolizable by digestive enzymes and tixic degradation
products (Alejandra Acevedo-Fani 2020). It is more potent
to the site-specific target drug delivery (Yaghoub Safdari
et al, 2016); as cited above, polysaccharides are also
digested by the specific enzyme (Sagar Aryal (2019)).
Polysaccharides have advantages over synthetic polymers,
for example, PEG (Thomas, Barclaya, et al., 2019).

NANOPARTICLES FOR DRUG/GENE
ACCOUCHEMENT

Polymeric drug/gene-loaded nanoparticles were injected
into bodies, passed through epithelial barriers, and
circulate in the blood vessels before reaching the target site
(Thomas Malachowski and Austin Hassel (2020)). Escape
of nanoparticles from the vascular circulation occurs in
either continuous or fenestrated tissues (Raquel Ferreira
and Liliana Bernardino (2020)). Therefore, the drug
nanoparticle  particle  penetration  enhanced and
accumulates drugs in tumor sites called enhanced
permeation and retention (Ting Jiang et al., 2017). Tumor
growth induces neovasculature development characterized
by discontinuous endothelium with large gaps (200-700
nm), allowing nanoparticle passage (Lakshmi Pallavi
Ganipineni et al., 2018). While passing into the tissue,
mteractlons may cause toxicity Wl“ happen fluids, cells,

”'“ﬁﬁph\
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immunological responscs due to P& taining the
51zc (Rlchard Nho (2020)). Pt:tﬁ:l sizes,

the internalized mechanism triggers endocytoms (Sarita
Rani et al., 2017).
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In encapsulated drugs, released by diffuse or degrade
controlled by stimuli, namely temperature, pH, or ionic
strengths (Sarita Rani et al., 2017). Effective drug delivery
application of nanoparticles depends on pH sensitivity
range for normal tissues (7.2-7.4) but in solid tumors (6.2-
6.9) (Carmen Alvarez-Lorenzo et al., 2013). Gene therapy
is also done in particular discases to cure, namely cancer,
AIDS, and cardiovascular diseases, by replacing mimicked
or mutated genes into specific patients' specific cells
(Iftikhar et al., 2015). While transferring the genes at the
site of the mimicked gene in the cell, care must be taken to
avoid the nucleases and endocytosis enzymes until they
reach the target (Yi Li et al.,, 2016). In gene therapy, both
viral and non-viral vectors have been used, and the most
suitable and convenient one is non-viral vectors because of
low immunogenicity (Lesca M. Holdt et al., 2018). The
nanoparticles of genes and the cationic polymers could be
modified with proteins  (knob, transferrin, or
antibodies/antigens) to allow for cell-specific targeting and
enhanced gene transfer (BAlicia Rodri'guez Gasco'n
2012). Nitric oxide-releasing materials (nanoparticles)
potential therapeutics in wound healing antimicrobial
actions and it acts as biocompatible nanomaterial matrices
(chitasone and dextrose are used as matrices) (Zeenat
Mirza and Sajjad Karim (2019)).

NANOPARTICLES FOR TISSUE ENGINEERING

It is the one kind of drug delivery system with controlled
release, enhancing tissue engineering's efficacy (Yasuhiko
Tabata (2005). Therapeutic genes could enhance the
absorption of the tissue construct, growth, and digestion
with neighboring tissues (Yang et al., 2020). Biopolymer
gene function as a DNA complexing agents and structural
scaffolds involves cell growth and maintenance in the
tissue engineering application, leading to foundation
treatment in regeneration medicine (Narmatha Christya et
al., 2020). GAM (gene-activated matrix) blends both the
DNA complexing agents and structural scaffold strategies
and serves as a local bioreactor (Hasan Uludag et al.,
2019).

PROTEIN-BASED NANOPARTICLES FOR DRUG
DELIVERY

Natural proteins called collagen, elastin, and fibronectin
have been used extensively as biomaterials (Hasan Uludag
ct al., 2019). They are cheap polymers with low toxicity,
no antigenicity, high nutritional value, high stability, and
binding capacity of various drugs such as paclitaxel and
ibuprofen with biodegradability (Showkat Ahmad
Bhawani et al., 2019). Moreover, nanoparticles have the
capability of emulsification, gelation, and water-binding
(Ahmed O.Elzoghbya et al., 2012). Genetically engineered
proteins and peptides tools have been used to mimic the
polymer  properties such as degradation rate,
biocompatibility, and cell penetration ability to generate
new protein sequences, including bioactive domains or
protein motifs Elastin-like polypeptides (ELP) (Wensi
Zhanga et al., 2018). Stable and precise biodegradable
nanopolymers with determined or known size polymers
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can utilize various proteins such as silk, albumin, collagen,
and elastin. Protein-based nanoparticles are easily self-
assembled to form particles, fibers, sheets, etc.
(Malgorzata. Et al. (2020)

SILK-BASED NANOPARTICLES

Recombinant silks particles are synthesized by the
elucidation of silk genetics, structures, and biophysics. Silk
fibroins are stable, spherical, negatively charged. and low
toxic silk nanoparticles (150-170 nm) procured from
Bombyxmori and tropical Tasar silkworm Antheraea
mylitta (Chandra Mohan Srivastava et al., 2019). Silk
fibrin nanoparticles have been used in cancer treatment.
They show good recovery, and sustained growth factors
were found within 3 weeks of treatment (cytosol of murine
squamous cell carcinoma cells) (Mhd Anas Tomeh et al.,
2019). Conjugated Silk fibroin and chitosan polymers were
blended non-covalently to form nanoparticles (<100 nm)
for local and sustained therapeutic curcumin delivery to
cancer cells (Raluca loana Teleanu et al., 2019). The
crystalline silk protein nanoparticles (40-120 nm) have
been conjugated with insulin via covalent cross-linking
(Fatemeh Mottaghital et al., 2015). Silk fibroin was also
bio-conjugated with L-asparaginase to form crystalline
nanoparticles with 50—-120 nm in diameter (Shuangquan
Gou et al., 2019). Nanoparticles were composed of DNA
and recombinant silks, which contained cell-penetrating
peptide, tumor-homing peptide, Arg-Gly-Asp (RGD)
motifs cationic sequences, have been designed for gene
therapy (Laura Chambre et al., 2020).

Collagen and Gelatin-Based Nanoparticles:

Collagen is an extracellular matrix widely used as
biomaterials with promising biocompatibility, low
antigenicity, and biodegradability (Socrates Radha

Krishnan et al., 2019). It forms hydrogels without chemical
cross-linking, but it needs chemical treatments due to weak
mechanical strength (Parinaz Nezhad-Mokhtari et al.,
2019). Controlling the particle sizes, a large surface area,
high adsorption capacity, and dispersion ability in the
water, collagen nanoparticles exhibited sustained releasing
of various drugs (Raj Kumar et al, 2018). The acid-
alkaline hydrolysis has separated gelatin from collagen,
consisting of glycine, proline, and 4-hydroxyproline
residues with a typical structure of-Ala-Gly-Pro-Arg-Gly-
Glu-4Hyp-Gly-Pro (Showkat Ahmad Bhawani et al,
2019). Gelatin solution undergoes coil-helix shift followed
by aggregation of the helices through the formation of
collagen-like triple-helix, enabling the formation of
nanoparticles (Maria Helminger et al, 2014). Polymer
functional groups chemically modified ex;_cross-links,
ligands (Rajiv M.Desai et al., 2015). In i
nanoparticles were prepared for di
novel water-in-water emulsion tecl
glyceraldehyde (Momoh A.Mum
glucose level curves showed obvio
4hour in rats indicating their fast ai
effect (Lin-Lin Pan et al., 2019).
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B-CASEIN-BASED NANOPARTICLES

f3-Casein is the major milk protein used as delivery carriers
and self-assembled into the micellar structure by
intermolecular hydrophobic interactions due to its
amphiphilic nature (Tomasz Konrad Glab and Janusz
Boratynski (2017)). 15-60 B-casein molecules together
form (-casein micelles with a radius of 7-14nm (MoLiac
Remco et al, 2019). Alterations in the properties like
temperature, pH, ionic strength, water activity, and high
hydrostatic pressure treatment arrange the size distribution
according to the micelles requirement, leading to self-
developing the rigid three-dimensional tertiary structure. -
casein micelles have demerit critical to stabilizing the
micelles by cross-linking (Lehninger Principles of
Biochemistry (2011)). Crosslinking of lysine residues in
casein by glutamine residues of transglutaminase (T Gase)
increased the intra-micellar stability of casein micelles
(Min Yang, Ying Shi, and Qi Liang (2016)). These are all
edible or oral delivery systems used in cancer and gastric
cancer (Bingren Tian et al., 2020).

ZEIN-BASED NANOPARTICLES

Zein is a protein derived from corn kernels, soluble in both
water and alcohol (Shukla, Rishi, and Cheryan, Munir
(2001)).  Hydrophilic and hydrophobic amino acid
residues are promising carriers for encapsulation and
controlled release of hydrophobic compounds (Solmaz
Maleki Dizaj et al., 2014). In vivo studies revealed that the
particles were mostly accumulated in the liver and
adequately remained in the blood for at least 24h due to tis
relatively higher molecular weight and smaller particle size
(34th Annual Meeting 2019).

ALBUMIN-BASED NANOPARTICLES

Albumin is a plasma protein's main protein with a
molecular weight of 66.5 kDa (Shijie Li et al., 2015).
Human serum albumin (HSA) is one of the smallest and
the most abundant proteins present in blood plasma,
indicating many metabolic compounds and therapeutic
drugs, transported by HAS (Yujie Zhang., Tao Sun and
Chen Jiang (2018)). Unisized albumin particles with
controlled desolvation, thermal gelation, emulsion
formation, and self-assembly come under the preparation
of albumin-based nanoparticles (Elmira Karami et al,
2020). Albumin nanoparticles are separated by continuous
dropwise addition of ethanol to an aqueous solution and
continuous stirring by phase separation (Showkat Ahmad
et al., 2019). Additional treatments such as cross-linking
are often required to stabilize the nanoparticle morphology
(Evangelos Georgilis et al, 2020). HSA-based
nanoparticles are prepared by desolvation method and
stabilized by cross-linking with glutaraldehyde or heat
denaturation(Weber et al.,2000 ). Sulfhydryl groups were
added by covalent linkage to the HSA-based nanoparticles
to increase the reactive sites (Mohamad et al., 2017).

Nanoparticle albumin-bound (nab)-technology is a new
technology for anti-cancer drug delivery system that has
been developed by American Bioscience, Inc. Albumin
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particles with paclitaxel (nab-paclitaxel, 100-200 nm) was
approved in 2006 for use in patients with metastatic breast
cancer due to their superior antitumor efficacy over
paclitaxel (Ahmed., Elzoghby Wael et al, 2015).
Ibuprofen encapsulated BSA-dextran nanoparticles (70nm)
were prepared by heat treatment method. Conjugation of
dextran and BSA stabilization of nanoparticles in aqueous
solution (Krishnendu Chatterjee et al, 2014). Self-
assembly of albumin to form nanoparticles by adding
lipophilic drugs and diminishment of primary amino
groups on protein surfaces (Hasan Kouchakzadeh et al.,
2015).

POLYPEPTIDE NANOPARTICLES

Proteins are mimicked into  polypeptide-based
nanoparticles are synthesized to produce the desirable
characteristic proteins (Evangelos Georgilisa Mona et al.,
2020. ELP can be produced recombinant and is composed
of the repeating amino acid sequence (Val-Pro-Gly-Xaa-
Gly) m. Xaa is the hydrophobic domain that facilitates
self-aggregation and elastomeric functions (Nasim Annabi
et al, 2013). Nanoparticles were produced by self-
assembly of ELP with a sequence of VPAVG and showed
a sustained release of loaded dexamethasone phosphate for
about 30 days (Ahmed O.Elzoghbya Wael et al., (2012).
Well-designed ELP block copolymers are often produced
to control their phase separation behavior, add stimuli-
responsivity, and introduce the cross-linking domain into
ELP (Machado, Raul, et al., 2012). Temperature-triggered
micelle assembly of ELP was achieved by the modulation
of the local density of arginine (Arg) residues of diblock
ELP (Sarah, Mac Ewan, and Ashutosh Chilkoti (2014)).
ELP-based nanoparticles (~40 nm) were further formed
from the diblock ELP decorated with the knob domain of
adenovirus serotype 5 fibrous proteins for drug and gene
delivery (Iraklis, Kourtis, et al., 2013). Thus, they have
been widely used in drug delivery and tissue engineering
fields (Xiao-Xia Xia et al., 2011). Other polypeptides are
also produced recombinantly to form nanoparticles
(Oyarzun-Ampuero, Felipe, et al., 2014).

Nanoparticles (100-200 nm) formed from cationic
polyarginine and anionic hyaluronic acid is one of the
examples (Lee, Mihyun., Zenobi-wong, Marcy and Chang,
Jin (2019)). Another example is the zwitterionic diblock
copolymer consisting of poly (L-glutamic acid)-b-poly (L-
lysine) (PGA-b-PLys) (Maria Gabriela Villamizar-
Sarmiento et al, 2019). This block copolymer self-
assembled into schizophrenic vesicles that can reversibly
be produced in moderate acidic or basic aqueous solutions.
Polysaccharides are highly stable, biocompatible, and
biodegradable (Aja Aravamudhan et al, 2014). Thus,
polysaccharides and their derivatives are commonly used
for applications in food, biomedical, and environmental
fields (Tinesha Selvaraj Veeradasan et al., 2020). Their
native charges classify polysaccharides that _have been
used for the preparation of nanopgFhelt ioni

ik

nonionic (pullulan, dextran) (Ida
2019). The most commonly usg
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nanoparticle fabrication is chitosan. Chitosan is a linear
cationic heteropolymer of N-acetyl-d-glucosamine and D-
glucosamine linked by beta-(1—4) glycosidic bonds. It is
obtained by the partial deacetylation of naturally derived
chitin (Einallah Khademian et al., 2020).

In particular, due to its mucoadhesive property, chitosan-
based gene delivery systems have been successfully
applied to oral and nasal route gene therapy systems,
which will be discussed below (Chandra, Dinesh, et al.,
2014). Alginate is a linear anionic polysaccharide
composed of alternating blocks of 1,4-linked B(-D-
mannuronic acid (M) and a-l-guluronic acid (G) residues
(Rajalekshmy G.P.Lekshmi et al., 2019). Alginate has
some advantages in its high mucoadhesiveness, aqueous
solubility, and a tendency for gelation in proper condition,
biocompatibility, and non-toxicity (Gheorghe Adrian et al,,
2019). Insulin-loaded nanoparticles were prepared from
calcium cross-linking, alginate-chitosan, or -alginate
complexes with sufficient insulin loading capacity (Jayanta
Kumar Patra et al., 2018). Even delivery of genes loaded in
alginate-based nanoparticles has been successful (Yuefei
Zhu et al, 2019). In this study, alginate-chitosan
nanoparticles showed high transfection ability while
maintaining biocompatibility and low toxicity (Dileep
Janagam et al., 2017).

POLYSACCHARIDE NANOPARTICLES BY
CROSSLINKING

Preparation of polysaccharide nanoparticles by cross-
linking can be achieved by either ionic cross-linking
(physical cross-linking) or covalent cross-linking
(chemical cross-linking) (Patil, Sachinkumar, and Jadge,
(2008)). Covalently  cross-linked  polysaccharide
nanoparticles enable the network structure to be permanent
since irreversible chemical links are formed unless
biodegradable or stimuli-responsive crosslinkers are
employed (Nimish Shah et al., 2013). The rigid network
allows absorption of water and bicactive compounds
without dissolution of the nanoparticles even when the pH
drastically changes (Amir Sheikhi et al., 2020). An oil in
water (o/w) emulsion polymer cross-linking method was
employed to prepare tamoxifen citrate (a non-steroidal
antiestrogenic drug)-loaded guar gum nanoparticles cross-
linked with glutaraldehyde. (Jianyu Xu et al., 2018). This
method gives nanoparticles reversibility and is considered
biocompatible due to the lack of harsh preparation or toxic
crosslinkers (Daniel Klinger Katharin and Land fester
(2012)).

lonically-crosslinked nanoparticles are generally pH-
sensitive, a suitable feature for stimuli-sensitive controlled
release (Lei Xing et al., 2019). Tripolyphosphate (TPP), a
non-toxic anionic molecule, has been widely used to
prepare cross-linked chitosan nanoparticles, and several
drugs have been encapsulated within these nanoparticles
(A1 Wu Pan Bei et al., 2019). TPP cross-linked chitosan
nanoparticles have been used for protein, oligonucleotides,
and plasmid DNA deliveries due to their high physical
stability and encapsulation efficiencies (Loic Bugnicourt

64

and Catherine Ladaviére (2016)). CS/TPP nanoparticles
(300 nm) showed high encapsulation efficiencies both for
plasmid DNA and dsDNA oligomers (20-meters), high
physical stability, and high gene expression levels in HEK
293 cells (Maria Abdul Ghafoor et al, 2015).
Chitosan/TPP nanoparticles were also used to improve
cyclosporine A's delivery to the ocular mucosa (Dileep
R.Janagam., Linfeng Wu, and Tao L.Lowe (2017)).
Cyclosporine A was specifically concentrated in external
ocular tissues (i.e., cornea and conjunctiva) during at least
48 h with maintaining negligible or undetectable CyA
levels in inner ocular structurcs, blood, and plasma
(Basaran, Ebru et al., 2011). Other examples of ionic
cross-linking of polysaccharides are using of inorganic
ions such as Fe(CN)64-, Fe(CN)63- citrate, and calcium
ions as crosslinkers (Carmen Alvarez-Lorenzo et al,
2013). For example, alginate's carboxylic acids were cross-
linked by calcium ions to form nanoparticles (80 nm),
exhibiting a high transfection rate of plasmid DNA into
non-phagocytic cells via endocytosis pathway (Julieta
C.Imperiale et al., 2018).

POLYSACCHARIDE NANOPARTICLES BY
POLYION-COMPLEX

Polysaccharide nanoparticles are also prepared by direct
clectrostatic  interactions of  oppositely charged
polysaccharides in solution (Swierczewska et al., 2013).
Chitosan is the most commonly used cationic
polysaccharide for polyion-complex. In contrast,
carboxymethyl cellulose (CMC), dextran sulfate,
carrageenan, heparin, hyaluronic acid, alginate, and
carboxymethyl pachyman are wused as anionic
polysaccharides (Leena Kumar and Hemant Ramachandra
Badwaik (2019)). Chitosan-CMC was subsequently coated
with plasmid DNA for genetic immunization. Both
chitosan and a chitosan oligomer could complex CMC to
form stable cationic nanoparticles for subsequent plasmid
DNA coating. Corporation of polyelectrolyte complexation
and ionic gelation prepared Chitosan/carrageenan/TPP
nanoparticles (150-300 nm)(Fatemeh Farjadiana et al.,
2019). Sufficient loading capacity of insulin in the
nanoparticles showed their application as an oral insulin
delivery (Gongalves, Nadia, et al., 2012). A pH-sensitive
polyion complexes (average particle size <200 nm) were
formed from trimethyl chitosan and a-galactosidase A
through self-assembly (Statements of Significance, (2019).
These nanoparticles were able to release the enzyme at
acidic pH and were efficiently internalized by human
endothelial cells and mostly accumulated in lysosomal
compartments. ?-Poly (glutamic acid) (PGA) was
combined with chitosan to form nanoparticles for
transdermal delivery of DNA.

POLYSACCHARIDE NANOPARTICLES BY SELF-
ASSEMBLY

The introduction of hydrophobic segments into hydrophilic
polysaccharide backbones enables the for g0 -
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cholesterol, carboxvlic acids, and hydrophobic polymers
are examples of such hydrophobic segments. By
manipulating the introduction condition such as
polysaccharide/hydrophobic segments molar ratios and the
lengths of polysaccharides and hydrophobic segments,
nanoparticles are formed to minimize interfacial free
energy. Grafting hydrophobic groups from hydroxyl,
amino, or carboxyl groups of the main polysaccharide
chains (Mosaiab et al., 2019) introduces hydrophobic
segments polysaccharides. These chemically modified
amphiphilic macromolecules can self-associate in an
aqueous solution by intra- and inter-molecular
hydrophobic interaction, forming nanoparticles (Martin
Gericke, Peter Schulze, and Thomas [einze (2020).
Water-insoluble drugs are solubilized and encapsulated
within the hydrophabic core and become soluble in water
due to the hydrophilic shell. The drugs are then released
from the nanoparticles' inner core via outer stimuli changes
such as pH, temperature, and ionic strength by Luo et al.,
2020). Recently, there have been a number of studies on
the syntheses of polysaccharide-based self-aggregated
nanoparticles for drug delivery systems (Amin Shavandi et
al., 2019). Chitosan has been chemically modified by
grafling hydrophobic groups from amino groups of the
main chains. The amine groups' proportion depends on the
acetylation degree of the polymer (Paripurnanda
Loganathan et al., 2020).

Doxorubicin, paclitaxel, ibuprofen, and the amphiphilic
adriamycin  have been loaded in chitosan-based
nanoparticles. Plasmid DNA was introduced into
nanoparticles (160 nm) aggregated from deoxycholic acid-
grafted chitosan, and their efficient transfection of COS-1
cells was detected (Nitta and Numata, 2013). Dextran was
chemically modified by grafting bile acids, a natural
product consisting of a facially amphiphilic steroid nucleus
with a hydrophobic B-side and a hydrophilic aside lauryl
chains (Sachiko Kaihara Nitta and Keiji Numata (2013)).
Self-assembly assisted graft copolymerization of acrylic
acid from dextran under the presence of crosslinker
produced pH-sensitive nanoparticles (40-140 nm) (Huanli
Sun et al, 2018). Dextran could form interpolymer
complexes with poly(acrylic acid) (PAA) in acid medium
owing to hydrogen bond interaction of carboxyl groups
and proton-acceptors in glucose units. (Peipei Zhang et al.,
2015). Plasmid DNA was loaded into complex
nanoparticles (100-150 nm), which had high gene
transfection yield, efficient gene delivery ability in
different cancer cell lines, especially in MCF-7cells
(Steinman, Noam, et al., 2020). Similarly to chitosan and
dextran, hyaluronic acid (HA) was chemically modified
with the 5B-cholanic acid to form self-assembled
nanoparticle (200400 nm) that combine both passive
tumor targeting based on the EPR effect and a more
specific or active targeting exploiting the affinity of HA
towards CD44(Goodarzi et al., (2013), Yujie Zhang et al.,
2018). Amphiphilic block copolymers were also
synthesized to form nanoparticles via self-assembly.
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Doxorubicin loaded nanoparticles based on poly (?-benzyl
L-glutamate)-block-hyaluronan were produced by self-
assembly. These particles could be used as a self-targeting
drug delivery cargo in over-expressed CD44 glycoprotein
cells of breast cancer (Platt et al., (2008), Swierczewska et
al., 2015). Nonionic pullulan is also modified by
hydrophobic molecules such as cholesterol and cancer
drugs. The cholesterol-bearing pullulans with different
molecular weights and degrees of substitution have been
synthesized to form self-assembled nanoparticles (Liming
Yuan et al., 2019). A recent study demonstrated paclitaxel-
incorporated nanoparticles prepared from  pullulan
hydrophobically modified by acetic anhydride to evaluate
their antitumor activity in vitro and in vivo (Abbass and
Hashim (2012)). These nanoparticles showed lower
antitumor activity in vitro against HCT116 human colon
carcinoma cells and reduced tumor growth in vivo using
HCT116 human colon carcinoma-bearing mice (Suhail
Ahmad et al., 2020).

Propyl-starch nanoparticles were reported to increase the
polymer's solubility in low hazardous organic solvents and
high encapsulation efficiency for model drugs (Alain
Dufresne (2014)). Effective controlled release of
doxorubicin was shown from drug-conjugated dialdehyde
starch nanoparticles. Docetaxel, an anti-cancer agent, was
loaded in nanoparticles prepared from a hydrophobic
propyl starch with a controlled degree of substitution via
the solvent emulsification/diffusion technique (Qingjie Sun
(2018)). It was confirmed that nanoparticle enhanced
internalization by the cancerous cells (Caco-2 and NHDF-
p cells), and their peri-nuclear localization was detected
(Dandekar et al.,, 2012). Heparin, a negatively-charged
polysaccharide used as an anticoagulant, is often applied
for the preparation of self-assembled nanoparticles
(Stefano Rimondo et al, 2019). A self-assembled
nanoparticulate system (140-190 nm) composed of a
folate-conjugated  heparin-poly  (B-benzyl-L-aspartate)
(HP) amphiphilic copolymer was proposed for targeted
delivery of the antineoplastic drug paclitaxel (Li Li et al.,
2012). The presence of folate enhanced intracellular
uptake via endocytosis, and these nanoparticles exhibited
areat cytotoxicity in KB cells. Deoxycholic acid bearing
heparin amphiphilic conjugates (120-200 nm) with
different degrees of substitution were also synthesized
(Mona Alibolandi and Mohammad Ramezani (2018)).

AN OPINION ARRIVED AT THROUGH A
PROCESS OF REASONING

Biodegradable = nanocomposites and  nanoparticle
preparation, manufacturing, and production still have
many demerits and are accompanied by the consumer
economically and not affordable. Among the discussed
metallic nanoparticles, silver nanoparticles have versatile
utility. Remained practiced metallic nanoparticles—hz
narrow application and are restricted
constraint or for a single application but
cost-effective:  platinum, gold, and
nanoparticles rather than silver nanopart
mimicking metal tolerance and incredsid
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activity and the functional feature will compete with
commercial polymers and biopolymers. Henceforth green
or natural polymers have more compatibility to enhance
the rate of demand and produce a novel Nano metallic
compound for feature use.
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Abstract

A new analytical “reverse phase high
performance liquid Chromatography (RP-HPLC)
assay method has been developed for estimation
of" Levofloxacin in injection phase. The separation
was achieved by using column Inertsil ODS-3V
(250 x 4.6mm, S5um) mobile phase consisted of
0.05 M solution of citric acid monohydrate and
10 ml of 1.0 M ammonium acetate buffer and
acetonitrile in the ratio of (85:15 v/v) . The flow
rate was 1.0mL.min-1. Levofloxacin was detected
using UV detector at the wavelength of 293 nm.
The retention time of Levofloxacin was noted to
be 11.20 min respectively. The method was
evaluated as per ICH guidelines. The proposed
method was found to be advantageous than the
existing methods towards accuracy,
reproducibility, and consistent.

Keywords: RP-HPLC, Levofloxacin, Forced
degradation and Validation.

Introduction

Levofloxacin hemihydrate (Figure 1) is a
synthetic chemotherapeutic antibiotic of the
fluoroquinolone drug class and is used to treat
severe life-threatening bacterial infection or
bacterial infection that have failed to respond to
other antibiotic classes. IUPAC name is (S)-9-
fluoro-2,3- dihydro- 3-methyl -10 - (4-
methylpiperazin-1-yl)-7-oxo- 7H- pyrido[1,2,3-de]-
1,4-benzoxazine — 6 -carboxylic acid.

Development and validation of stability indicating rp-hplc method

Levofloxacin hemihydrate is highly water and
organic solvents like glacial acetic acid and
chloroform, sparingly soluble in methanol, slightly
soluble in ethanol, and practically insoluble in
ether. Levofloxacin hemihydrate is odourless drug.
Methods for quantitative analysis of Levofloxacin
by HPLC [1-7], by UV [8-10] spectroscopy in
single as well as in combination, are available in
the literature. The method was developed and
validated as per ICH [11-13] and USP [14]
guideline.

HO

Fig.1.1. Structure of Levofloxacin

Experimental
Chemicals and reagents: Analytical-grade
Ammonium acetate, Citric acid monohydrate and
Hydrochloric acid was from Merck chemic

both HPLC-grades, were from Merck chgn
Mumbai, India. Millex syringe filters (0.45/frr
from Millex-HN, Millipore Mumbai, Indi
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Instrumentation: Agilent HPLC madel: 1260 with
DAD, Bandelin ultrasonic bath, pH Meter (Thermo
Orion Model), Analytical Balance (Metller Toledo
Model) were used.

Preparation of 0.05 M solution of citric acid
monohydrate: Accurately weighed and dissolved
10.5 g of citric acid monchydrate in 1000 ml of
water and sonicated to dissolved and mixed well.

Preparation of 1.0 M Ammonium acetate
solution: Accurately weighed and dissolved 7.71
g of ammonium acetate in 100 ml of water and
sonicated to dissolved and mixed well.

Preparation of buffer solution: Mixed
accurately 840 ml of a 0.05 M solution of citric
acid monohydrate and 10 ml of 1.0 M ammonium
acetate solution.

Mobile phase: Mixed buffer solution and
acetonitrile in the ratio of 85:15 v/v, filtered and
degassed.

Blank preparation: Use Milli-Q water.

Standard preparation: Accurately weighed 50.0
mg of Levofloxacin working standard or reference
standard was transferred into a 50 m| volumetric
flask. Added 7.5ml of 0.1M Hydrochloric acid
solution stirred well and diluted to the volume with
0.1M Hydrochloric acid solution. Transferred 5.0
ml of resulting solution into a 25 ml volumetric
flask and diluted to volume with water and mixed
well. The solution was diluted to volume with diluent
and mixed well. (Concentration of Levofloxacin is
about 0.2mg/ml).

Placebo solution: Transferred 10 ml of the
placebo solution , added 7.5 mL of 0.1 M solution
of hydrochloric acid, and diluted to volume with
mobile phase and mixed well in 50 mL volumetric
flask,. Further transferred 5.0 ml of the resulting
solution into a 25 mL volumetric flask and diluted
to volume with water and mixed well.

Sample preparation: Transferred 10 ml of the
sample solution into a 50 mL volumetric flask,
added 7.5 mL of 0.1 M solution of hydrochloric
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acid, and diluted to volume with mobile phase and
mixed well.

Further transferred 5.0 ml of the resulting solution
into a 25 mL volumetric flask and diluted to volume
with water and mixed well.

Chromatographic conditions: Chromatographic
analysis was performed on 250x4.6mm, Sum
column. The mobile phase consisted of 0.05 M
solution of citric acid monohydrate and 10 ml of
1.0 M ammonium acetate buffer and acetonitrile
in the ratio of (85:15 v/v). The flow rate was 1.0mL/
min, column oven temperature 25°C, the injection
volume was 10iL, and detection was performed at
293 nm using a photodiode array detector (PDA).

Results & Discussion

Method development: The Spectral data of
compound Levofloxacin showed that maximum
UV absorbance (émax) at 293 nm. To develop a
suitable and robust LC method for the
determination of Levofloxacin, different mobile
phases were employed to achieve the best
separation and resolution. The method
development was started with Inertsil ODS-3V,
250x4.6mm, 5um with the following different
mobile phase compositions of 0.05 M solution of
citric acid monohydrate buffer and acetonitrile in
the ratio of 85:15 v/v. It was observed that when
Levofloxacin was injected, higher retention time,
Peak Tailing are not satisfactory. For next trial
the mobile phase consisted of 0.05 M solution of
citric acid monohydrate and 10 ml of 1.0 M
ammonium acetate buffer and acetonitrile in the
ratio of 85:15 v/iv was employed at the flow rate of
1.0 mL/min. UV detection as performed at 293nm.
The retention time of Levofloxacin is 11.20 minutes
and the peak shape was good. The chromatogram
of Levofloxacin standard using the proposed
method is shown in Figure: 1.2 system suitability
results of the method are presented in Table:1.2.

Method validation:

The developed RP-HPLC method extensively
validated for assay of Levofloxacin yst
following parameters.
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Figure 1.2. Chromatogram peak of Levofloxacin

Specificity & System suitability:
Preparation of blank solution: Used Milli-Q
water as a blank solution.

Preparation of Placebo solution: Transferred
10 ml of the placebo solution into a 50 mL
volumetric flask, added 7.5 mL of 0.1 M solution
of hydrochloric acid, and diluted to volume with
mobile phase and mixed well. Further transferred
5.0 ml of the resulting solution into a 25 mL
volumetric flask and diluted to volume with water
and mixed well.

Blank and Placebo interference: A study to
establish the interference of blank and placebo
were conducted. Diluent and placebo was injected
into the chromatograph in the defined above
chromatographic conditions and the blank and
placebo chromatograms were recorded.
Chromatogram of blank solution Figure:1.3
showed no peak at the retention time of
Levofloxacin peak. This indicates that the diluent
solution used in sample preparation do not interfere
in estimation of Levofloxacin in Levofloxacin
injection. Similarly chromatogram of placebo
solution Figure: 1.4 showed no peaks at the
retention time of Levofloxacin peak. This indicates
that the placebo used in sample preparation do
not interfere in estimation of Levofloxacin in
Levofloxacin injection.

Development and validation of stability indicating rp-hplc method

Table 1.1: Specificity results for Levofloxacin

S.No Name Retention
Time (min)

1 Blank ND

2 Placebo solution ND

3 Standard solution 11.24

4 Sample solution 11.22

The chromatogram of blank and placebo are
not showing any peak at the retention time of
Levofloxacin.

Table 1.2: System suitability parameters for
Levofloxacin

No.of Tailing Tailing | Theoretical Area of
injections | factor plates Levofloxacin
Inj-1 1.4 7622 1088768955
Inj-2 1.4 7580 1086835821
Inj-3 14 7590 1088318629
Inj4 1.4 7527 1089977609
Inj-5 1.4 7598 1086265129

Average

%RSD
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) Figure: 1.3. Chromatogram showing the no interference of diluent for Levofloxacin.

Figure: 1.4 Chromatogram showing the no interference of placebo for Levofloxacin.

Forced Degradation study: The study involves
assessing the effect of acid (0.1N HCI, 2 hrs at
60°C temperature), base (0.1N NaOH, 2 hrs at
60°C temperature), hydrogen peroxide (3%, 2 hrs
at60°C temperature), Thermal (105°C for 48 hours)
and UV light (7days) on Levofloxacin injection
samples. The chromatograms obtained from
various stress conditions are shown in Figure:1.5.
The percent assay, percent degradation and peak
purity of Levofloxacin and retention time of
degradants produced in all stress conditions are
determined and summarized in Table:1.3.
Levofloxacin was found to be more stable in applied
acid, base, thermal and photolytic stress
conditions. Levofloxacin was sensitive to adopted
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stress condition like oxidation. The results proved
that the developed assay method has good
selectivity and specificity, and is suitable for assay
of Levofloxacin in the presence of stress
degradation products.

Method precision: The precision of test method
was evaluated by doing assay for six samples of
Levofloxacin injection as per test method. The
contentin mg and % label claim for Levofloxacin
for each of the test preparation was calculated.
The average content of the six preparations and
% RSD for the six observations were
The chromatogram was shown i
data were shown in Table: 1.
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Figure: 1.5. Degradation chromatograms for Levofloxacin.
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Table: 1.3. Forced degradation results of Levofloxacin

Degradation condition Levofloxacin
% Assay % Degradation Peak Purity
Unstressed Sample 105.16 NA 1
0.1N HCI/60°C for 2 hours 106.47 No degradation observed 1
0.1N NaOH/ 60°C for 2 hours 105.59 No degradation observed 1
3% H,0,/60°C for 30 min 101.26 3.90 1
Thermal 105°C for 48 hours 106.56 No degradation observed 1
UV Light at 254nm for 7 days 104.98 0.18
| :
) i = RN
Figure: 1.6. Method precision sample chromatogram
Table: 1.4 Method precision data for 4 3|ntermediate Precision : The intermediate
Levofloxacin precision of test method was demonstrated by
. " carrying out method precision study in six
No. of injections Le\:ofloxacm samples, representing a single batch by two
"o assay different analysts on two different days, different
column, different HPLC system and by different
1 108.2 analyst. These samples were prepared as per the
2 105.7 test method. The % assay was calculated for each
3 105.3 of these samples. The precision of the method
4 105.1 was evaluated by computing the % Relative
g 1322 standard deviation of % assay of Levofloxacin.
Average 105.4
SD 0.57
%RSD 0.54
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Table: 1.5 Intermediate precision data for
Levofloxacin

Table: 1.6 Linearity studies for Levofloxacin by
proposed method

S.No. Area of Assay of
Levofloxacin Levofloxacin

1. 186778849 104.4
2. 187067790 104.6
3. 187523508 104.9
4. 187333783 104.8
5. 187033298 104.6
6. 186616560 104.4
Average 104.6
%RSD 0.19

- Overall and individual % of Assay are
complies as per test method specification.

- The relative standard deviation of six assay
preparations is 0.19.

- Theoverall relative standard deviation of six
assay preparations of precision study and
six assay preparations of intermediate
precision study is 0.54.

4.4 Linearity of detector response: The standard
curve was obtained in the concentration range of
100.07-300.21ig/ml for Levofloxacin. The linearity
of this method was evaluated by linear regression
analysis. Slope, intercept and correlation
coefficient [r] of standard curve were calculated
and given in Figure: 1.7 to demonstrate the
linearity of the proposed method. From the data
obtained which given in Table: 1.6 the method
was found to be linear within the proposed range.

Lincarity graph of Levofloxacin

Arca

L] 100 150 200 250 00 150

Concentration of drug in ppm

Fig. 1.7. Calibration curve for Levofloxacin

Development and validation of stability indicating rp-hplc method

Fig. 1.8. Accuracy (Spike level 50%

% Concentration Levofloxacin
Level (ppm) Area
50 100.0713 590667579
75 152.1083 900530185
100 200.1425 1157439141
125 252.1796 1461276205
150 300.2138 1737499643
correlation coefficient 0.9999
Slope 5705485.636
Intercept 23004636.17
%Y-intercept 1.99
4.4 Accuracy:

The accuracy of the test method was
demonstrated by preparing recovery samples of
Levofloxacin at 50%, 75%, 100%, 125% and
150% of the target concentration level. The
recovery samples were prepared in triplicate for
each concentration level except 50% and 150 %
(50% and 150% are six preparations). The above
samples were chromatographed and the
percentage recovery of each sample was
calculated for the amount added. Evaluated the
precision of the recovery at each level by
computing the Relative Standard Deviation of six
preparations for 50% and 150% level recovery
samples results. The percentage recoveries with
found in the range 0f 99.0 to 99.9 for Levofloxacin.
The chromatogram was shown in Figure: 1.8 to
2.2 the data obtained which given in Table: 1.7
the method was found to be accurate.
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Table: 1.7 Recovery studies for Levofloxacin by proposed method

Recovery of Levafloxacin

Sample % Recovery Mean % Recovery % RSD
50% sample-1 100.9 101.0 0.27
50% sample-2 100.8

50% sample-3 101.2

50% sample-4 101.3

50% sample-5 101.2

50% sample-6 100.6

75% sample-1 101.0 101.3 0.3
75% sample-2 101.3

75% sample-3 101.6

100% sample-1 101.8 101.8 0.25
100% sample-2 102.0

100% sample-3 101.5

125% sample-1 100.9 100.7 0.25
125% sample-2 100.7

125% sample-3 100.4

150% sample-1 101.5 101.4 0.28
150% Sample-2 101.7

150% Sampe-3 101.1

150% sample-4 101.2

150% sample-5 101.7

150% sample-6 1011

4.6 Robustness studies: To validate the method robustness the chromatographic performance at
changed conditions was evaluated compared to nominal conditions of the method. Standard solution
was injected at each of the following changed conditions:

Table: 1.8. Robustness studies Results

Parameter Theoretical Tailing %RSD of
plates factor peak area

Flow variation +10% 10% 8599 1.4 0.07
-10% 9820 1.5 0.12
Temperature variation £5°C +5°C 8467 1.3 0.16
-5°C 8126 13 0.06
Mobile phase Variationt 10% 10 7622 1.4 0.10
-10 8064 14 0.08

- Method is robust for changes like column aven temperature, flow rate and org
phase.

Prasad Babu and Ramachandran
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4.7 Solution stability of analytical solutions:
Levofloxacin standard and sample solutions were
kept for about 48 hrs at room temperature in
' transparent bottles in auto sampler and in
] refrigerator 2-8°C. The response of these was
compared with respect Initial standard solution
and sample solution.

Fig. 1.9. Accuacy (Spike level 75%) Table: 1.9. Results for solution stability of
chromatogram standard at room temperature
i Time Interval similarity factor
. ' Initial -
24hrs 1
1 48hrs 1

E{ Table: 2.0 Results for solution stability of
standard in Refrigerator

Fig. 2.0. Accuracy (Spike level 100%) Time Interval similarity factor
chromatogram Initial z
24hrs 1
48hrs 1

‘ Table: 2.1 Results for solution stability of
I standard at room temperature

;j, Time Interval | % Assay % of Assay
, \ ‘ difference
Initial 106.2 NA
24hrs 107.52 1.32
Fig. 2.1. Accuracy (Spike level 125%) 48hrs 107.07 0.87

chromatogram . i
Table: 2.2 Results for solution stability of

standard in Refrigerator

|
Time Interval | % Assay % of Assay
difference
[ Initial 106.2 NA
Bl 24hrs 107.85 1.65
48hrs 107.77 1.57

- Standard and sampl ' table fo
Fig. 2.2. Accuracy (Spike level 150%) e o e

chromatogram
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5.0 Conclusion

An RP-HPLC method for estimation of
Levofloxacin was developed and validated as per
ICH guidelines. A simple, accurate and
reproducible reverse phase HPLC method was
developed for the estimation of Levofloxacin in bulk
drugs and formulations. The optimized method
consists of mobile phase 0.05 M solution of citric
acid monohydrate and 10 ml of 1.0 M ammonium
acetate buffer and acetonitrile in the ratio of (85:15
viv) with Inertsil ODS-3V(250 x 4.6mm, 5pm)
column. The retention time of Levofloxacin was
found to be 11.20 minutes. The developed method
was validated as per ICH Q2A (R1) guidelines.
The proposed HPLC method was linear over the
range of 100.07-300.21ppm, the correlation
coefficient was found to be 0.9999. The percentage
recoveries (accuracy) with found in the range of
99.0 to 99.9 for Levofloxacin. Relative standard
deviation (%RSD) for method precision and
intermediate precision was found to be 0.54 and
0.19. Solution stability of the Standard and sample
solutions are stable for 48 hours when stored at
room temperature (RT) and 2-8°C in refrigerator.
Our developed method to be considered as fast,
simple and reliable analytical method for
determination of Levofloxacin in pharmaceutical
preparation using RP-HPLC. As there is no
interference of blank and placebo at the retention
time of Levofloxacin, It is very fast with good
reproducibility and response. Validation of this
method was accomplished and getting results to
meet all the requirements. The method is simple,
reproducible, with a good accuracy and Linearity.
It allows reliably the analysis of Levofloxacin in
its different pharmaceutical dosage forms.
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ABSTRACT

Synthetic chemical usage enhanced day by day at both industrial level and medical fields, together causing vulnerability in the ecological pyramids and leads to loss of
ecological equilibrium around the globe. [n addition, the enormous growth of industries, affecting the health of both environment and community health. For the
betterment of life to achieve in the community, step has taken to develop the different processes for eco-friendly products. Instead of chemical usage, enzymatic
processes are the alternatives to attain the healthy environment. Take a glance on the Alkaline proteases derived from fungi having various industrial applications and
eco-friendly in nature, includes textile, detergent, leather, feed, waste, water recycling, bioremediation, tannery effluent, effluent treatment and medical applications.
The present discussion focused on alkaline proteases applications and properties. Type of production with various influencing parameters.

Interpreting the results and depicting the multifunctional properties used to promate fungal alkaline proteases became versatile in the fields of eco-friendly and

medicinal applications, which has gained prominent usage of stable properties.

KEYWORDS: Fungal proteases, proteolytic enzymes, alkaline enzymes, physicochemical propertics of enzymes, substrate-specific, applications of proteascs.

INTRODUCTION:

Enzymes are highly specific and act under mild conditions than traditional chem-

icals (Elaine, Luo (2018)). Readily biodegradable and usually no toxic to the envi-
ronment, dumped from the industries (Layla Filiciotto and Gadi Rothenberg

2020).

Industries produces many types of enzymes by using the various production pro-
cesses, such as pulp and paper production (Industrial Uses Of Enzymes, Infinita
Biotech, (2019); Jiménez et al., 1999; Nguyen et al., 2008), leather production
(Dayanandan et al., 2003; Saravanabhavan et al., 2004; Valeika et al., 2009;
Kandasamy et al., 2012; Vishnuvardhan Reddy and Sultanpuram, 2016), textile
production (Aly et al., 2004; Vankar et al., 2007; Chen et al., 2007; Zhou et al.,
2008), detergent production (Hemachander and Puvanakrishnan, 2000: Sacki ct
al., 2007), food production (Minussi etal., 2002; Ramos and Malcata, 2011), bev-
crage production (Grassin and Fauquembergue, 1996; Okamura-Matsui et al.,
2003), animal feed production (Gado etal., 2009; Zhu et al., 2011; Dalel Daassi
etal,, 2016), pharmaceuticals production (Bonrath et al., 2002; Woodley, 2008
),fine chemicals production (Panke etal., 2004: Gavrilescu and Chisti. 2003). cos-
metics production (Sim etal., 2000: Lods et al., 2001) and biodiesel production
(Kumari et al., 2007; Hernandez-Martin and Otero, 2008).

Enzyme-catalysed processes are gradually replacing chemical processes in
many areas of industry (Peter, Robinson (2015)). Enzymes have all the proper-
ties of true catalysts (Iva Colter (2020)). In the presence of an appropriate
enzyme, a chemical reaction occurs at a much higher rate but the enzyme is not
consumed by the reaction (Ganapati, Yadav and Deepali Magadum (2017)).

Recently, a greater awareness of conservation issues have forced industries with
a history of polluting to consider alternative, cleaner methods so there is now sig-
nificant growth of biotechnology outside of the pharmaceutical and food indus-
tries (Robert et al., 2020). Serine proteases are used in various industrial sectors
such as food, pharmaceutical, leather, diagnostics and waste management
(Gupta etal., 2002; Maurer 2004; Razzaq, Abdul etal., 2019).

Atpresent, only about 20 enzymes are produced on a truly industrial scale. 35 pro-
ducers make these enzymes with 4 major companies holding 75% of the market
(Mayuri Sharmactal., 2019).

In 1992, the market value of these enzymes was approximately US$800 million
with a predicted yearly increase of around 10- 15%. The market is highly com-
petitive, suffers from over-capacity, has small profit margins and is technologi-
cally intensive. Matching an enzyme with a process is the greatest challenge to a
research and its development cost in an industrial plant can be modificd to
accommodate the limitations of an enzyme but this is costly and a better
approach is 1o find an enzyme more suited to the existing process (Gallezot,

Pierre. (2008)).

Worldwide Status of Proteases:

Proteases termed as Industrial masters occupy the third largest position in
enzyme production .Real Hernandez and Elvira Gonzalez de Mejia (2019);
Swapna Vadlamanietal., 2012).

Proteases are the most important industrial enzymes accounting for approxi-
mately 40% of the total industrial enzyme market (Gupta et al., 2002; Alya
Sellami-Kamoun et al., 2006; Anderson F. Santos et al., (2013)) Proteases and
alpha amylases are the two most important industrial enzymes, together repre-
senting more than 70% of the total worldwide enzyme market (Ramachandran, et
al., 2004; Hamid Mukhtar and Tkram-ul-Haq, 2008; Aline Machado de Castro et
al.,2018).

[tis reported that in the year 2003, the global proteolytic enzyme demand for pro-
teasc was increased dramatically to 1-1.2 billion dollars (Nectu, Jabalia.,
Mishra, and Chaudhary, Nidhee. P.C. (2014);Godfrey and West, 1996; Vida
Maghsoodietal..2014).

Microbial protease (Proteolytic enzymes):

Constitutes one of the most valuable groups of industrial enzymes that cater to
the requirements of nearly 60% of the world enzyme market (Rao et al., 1998;
Woods ct al., 2001; Ramnani et al., 2005; Hamid Mukhtar and Tkram-Ul-Hag,
2009; Nirmal et al., 2011; Zanphorlina, et al..2011; Nilgun Tekin] et al., 2012;
Jayasree et al., 2013; Nai-Wan Hsiao ctal., 2014; Vida Maghsoodi et al., 2014);
Vida Maghsoodietal., 2014).

Among the various proteases, bacterial proteases are the most significant (Gupta
et al., 2002; Shivasharana et al., 2012) and accounts for nearly 60% of the total
worldwide enzyme sales (Adinarayana et al., 2003; Beg et al., 2003;
Shivasharanaetal., 2012). e

According to Johnvesly etal., 2002,
the world is of microbial origin (Jo}
al., 2002). As per the forecast, the
annum through 2006 to $6 billion if

iak in 2000 (Kirket
1ll rise 7% per

Proteases, also referred to as peptidgscs
ful, large category of degradative enzy
bonds into peptides and amino acids (
al., 2013; Lakshmi, et al., 2013; Nai-Wan H3 at”
lyze protein by adding water across peptide bonds and break them in to smaller
peptides in organic solvents (Al-Shehri, 2004; Charu Lataetal., 2014).

& Wydrolysis of peptide
d, 2008; Jayasree et
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Proteases are ubiquitous, being found in a wide diversity of sources such as
plants, animals, and microorganisms (Alnahdi, 2012: Charu Lata et al., 2014).
Proteolytic enzymes are high temperature resistant with high specific activities,
execute a wide variety of functions and superior physical and chemical charac-
teristics which seem to be good for future biotechnological applications, that is
why they have wide applications in a large number of industrial processes and are
produced in large quantities by microorganisms through the fermentation pro-
cess (Rao ctal., 1998; Gupta ctal.,2002; Mohan etal., 2005; Temiz et al., 2008;
Hamid Mukhtar and Ikram-ul-Haq, 2008; Hamid Mukhtar et al., 2009:
Zanphorlinaetal.,2011; Mukesh Kumar etal., 2012).

They have diverse applications in a wide variety of industries (Kumar, Takagi
1999; De Coninck et al., 2000; Gupta et al., 2002a; Gupta et al.,2002b; Mohan et
al., 2005; Rai and Mukherjee, 2009; Swapna Vadlamani et al., 2012ani et al.,
2012) such as detergent, food, baking, brewing, meat tenderization, cosmelics,
peptide synthesis, waste treatment (Gupta et al., 2002; Padmavathi, 2013; Charu
Lata et al., 2014), pharmaceutical, lcather, silk, medicine diagnostics and thera-
peutic applications (Ward, 1985) the recovery of silver from used X-ray films
(Cowan,1996; Kumarand Takagi, 1999; Alya Sellami-Kamoun et al., (2006) and
bioremediation processes (Horikoshi (1999); Nilegaonkar et al., 2002; Kanekar
ct al., 2002; Denizci et al., 2004; Anwar and Saleemuddin, 1998; Gupta et al.,
2002; Padmavathi, 2013).

Sources of Proteases:

Proteases are ubiquitous and physiologically one of the most important classes of
enzymes that are expressed as essential constituents of all living organisms, on
carth in a wide diversity of sources such as plants, animals, and microorganisms
(Alnahdi, 2012) including prokaryotes (bacteria, archea), viruses, fungi (Gupta
etal., 2002; Joo etal., 2003; Dubey et al., 2007: Shivakumar Srividya; Majumdar
Mala, 2009; Shivasharanactal., 2012; Padmavathi, 2013).

The main sources of the enzymes were from animals (e.g. calf stomach), plants
(e.g. pineapple, fig and papaya), microbes (e.g. Bacillus spp., Pseudomonas spp.)
(Puri et al., 2002; Swapna Vadlamani et al., 2012; Shafee et al., 2005; Rao ctal.,
199%),

At least a quarter of the microorganisms such as bacteria, fungi, yeast, plant and
mammalian tissues are known to produce alkaline proteases (Ellaiah ctal., 2002;
Prakasham et al., 2003; Alya Sellami-Kamoun etal., 2006; Mukesh Kumaretal.,
2012).

Alkaline proteases: (EC.3.4.21-24, 99; EC 3.4.21-24)

The alkaline proteases are defined as the proteases that are active or work opti-
mally in a neutral to alkaline pH range (Barett, 1994; Gupla et al., 2002;
Lakshmi, et al., 2013) generally between 9.0 and 11.0, with the exception of a
few higher pH values of about 12.0 and 13.0 and are used widely in washing pow-
ders and to dehair hides (Kumar and Takagi, 1999; Gupta et al., 2002; Ibrahim et
al., 2007; Shampa Sen et al., 2009; Nilgun Tekin etal., 2012; Gupta etal., 2012;
Sangeeta Saxenaetal., 2014).

They ecither have a serine center (serine protcasc) or arc of metallotype
(metalloprotease) and the alkaline serine proteases are the most important group
of enzymes exploited commercially (Ainsworth,1994; Fujiwara ctal.,1993; Rao
etal.,1998; Sangeeta Saxenaetal., 2014;

In recent years, the use of alkaline proteases in a variety of industrial processes
like detergents, food, leather and silk has increased remarkably (Kembhavietal.,
1993; Gessesse, 1997; Shampa Sen et al.. 2009; Ponnuswamy Vijayaraghavan et
al.,2013).

Enzymatic depilation has been widely accepted as a sound alternative to the
chemical process (Taylor ctal., 1987; Roja Rani ctal., 2012; Gupta, 2017).

The vast biochemical diversity of alkaline protease of microbial origin with ele-
vated activity and stability in the high alkaline range especially those from bacte-
riaand fungi (Madan ctal., 2002; Kalpana Devi ctal., 2008; Jellouli ctal., 2009;
Wang et al., 2011) and the specificity of their action at alkaline pH (Ganesh
Kumara and Hiroshi Takagib, 1999), emerging novel properties and their exotic
calalytic nature have attracted worldwide scientific community of protein chem-
istry and protein engineering and applied fields (Lakshmi et al., 2013; Jayasree,
etal., 2013) to exploit their physiological, bioengineering and biotechnological
applications (Poldermans, 1990; Fox et al., 1991; Rao et al.,1998; Kumar and
Takagi, 1999; Agarwal ctal., 2004; Devi ctal., 2008; Asokan and Jayanthi, 2010;
Nirmal et al., 2011; Shivasharana et al., 2012; Lakshmi et al.,2013; Sangeeta
Saxenactal.,2014).

The full potential of alkaline proteases in industrial processes is yet to be fully
exploited (Cowan, 1996; Kumar and Takagi, 1999; Shampa Sen et al., 2009;
Nirmal etal., 2011; Nilgun Tekinl et al., 2012; Lakshmi et al., 2013; Jayasree et
al., 2013).

Disadvantages of alkaline proteases:
Although enzymatic technology is very promising, it has limitations (Abdul
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Razzaq et al., 2019). Microbes can reproduce and increase their population in
order to consume a large amount of substrate, but extracellular enzymes like alka-
line protease cannot (Beti Vidmar and Ma3a Vodovnik (2018)). Enzymes cannot
reproduce themselves, meaning that any increase in enzyme population must
come from outside of the system namely, humans adding more enzymes to the
system (Ayla Sant'Ana da Silva et al., 2020). It has also been shown that these
alkaline proteases lose some reactivity after they interact with pollutants and
could eventually become completely inactive (Xiao-lin Aoetal., 2018).

Advantages of alkaline proteases:

Among the different types of microbial proteases the most commercially impor-
tant are the alkaline proteases, especially those from the fungal sources and were
obtained from Numerous moulds especially belonging to the genera Aspergillus
species such as Aspergillus sydowi (Danno and Yoshimura 1967), A.mellieus
(Tto and Sugira 1968; Luisetti etal., 1991) and Aspergillus oryzae (Ito and Sugira
1968), A fumigatus (Monod et al., 1991; Larcher et al., 1992: Roja Rani el al.,
2012), A.flavus (Malathi and Chakraborthy 199), some strains of A. niger
(Heneri et al., 1988) and A.sojae (Hayashi et al., 1967, Abdul Razzaq et al.,
2019). Fungi elaborate a wider variety of enzymes than do bacteria.

For example, Aspergillus oryzae produces acid, neutral and alkaline proteases
(Padmavathi, 2013). Fungal proteases can conveniently be produced in solid-
state fermentation process (Chander, Mukesh. (2019)).

Proteases as Detergent additives:

The use of proteases in laundry detergents accounts for approximately 25% of
the total worldwide sales of enzymes (Mecikoglu et al., 2006; Temam Abrar
Hamza (2017)). Alkaline proteases useful for detergent applications were mostly
active in the pH range & - 12 and at temperatures between 50°C-70°C (AlShehri,
2004). Many investigators (Kim etal., 2001; Charu Lata ctal., 2014) studicd opti-
mal culture condition for protease productivity. Proteases produced by Bacillus
spp., find a wide variety of application in detergents, leather industries, food and
pharmaceutical industries (Ammar, etal., 1991).

Alkaline proteases are of special interest as they have excellent washing perfor-
mance at pH (9-11), which removes protein based stains in both laundry and auto-
matic dish washing detergents (Saeki et al., 2007; Dias et al., 2008; Mukesh
Kumaretal., 2012).Bacteria (Hamid Mukhtar; Ikram-ul-Hag, 2008) mainly pro-
duce the proteases used in detergent industries. 1991; Jany and Mayer 1985:
Kwon etal., 1994). A combination of lipase, amylase and cellulase 1s expected to
enhance the performance of proteasc in laundry detergents (Padmavathi, 2013).

Proteases in Leather Industry:

The proteases widely used in leather industries (Kalisz, 1988; Inhs et al., 1999;
Kumar and Tagaki, 1999; Ramachandranet al., 2004: Hamid Mukhtar and
Ikram-ul-Hag, 2008).

The conventional methods in the leather processing industry is one of the worst
oftenders of the environment, due to pre-tanning operations involves quite toxic
chemicals such as hydrogen sulphide creating environmental pollution, effluent
disposal (Rani et al., 2012) and safety hazards (Okumura, et al., 1977; Malathi
and Chakraborthy. 1991; Shivasharana ctal., 2012; Padmavathi, 2013). Protcas-
es are used for selective hydrolysis of non-collagenases constituents of the skin
and for removal of nonfibrillarproteins such as albumins and globulins
(Padmavathi, 2013).0f particular importance are the proteases with activity at
alkaline pH and high temperatures (Kumar and Takagi, 1999; Thangam and
Rajkumar, 2002; Agrawal etal.,2012).

Thus, for environmental reasons, the biotreament of leather using an enzymatic
approach is preferable as it offers several advantages, e.g. easy control, speed and
waste reduction, thus being ecofriendly (Shampa Sen etal., 2009).

Alkaline protcases with clastolytic and keratinolytic activity can be used in
leather-processing industries.

Alkaline proteases alone account for 262 AT zy me market with their
dustrics (Oberot et al.,

2 M

2001; Saeki etal., 2007; Dias et
al.,2012).

, 2012 Agrawal et

Proteases in Food and Phar
Proteases are widely used in breg
try, synthesis of aspartame, devely
wounds (Kalisz, 1988; Cowan, l'-) § 999; Inhs et al.. Junc
1999; Kumar and Tagaki, 1999; 2004; Alya Sellami-
Kamoun ct al., 2006; Hamid \'lukhtqr and ram-uI-Haq 2008; Mayuri Sharma
etal., 2019). Proteases are invariably used in tonics, especially for indigestion.
Funual alkaline proteases are also used in food protein modification (Rao et al.,
1998; Southan, 2001; Padmavathi, 2013; Charu Lataetal., 2014).

Of meat, dairy indus-
Jagents, treatment of

Proteases to be used in the food industry are mainly produced by fungi, whereas
the proteases used in leather or bacteria (Hamid Mukhtar and Ikram-ul-Haq,
2008; Noora Barzkar (2020)) mainly produce detergent industries. Alkaline pro-
teases are of special interest as they could be used in manufacture food, such as
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cheese making baking. preparation of soya hydrolysates, and meat ten-derization
pharmaceuticals (Ferrero et al., 1996; Saeki et al., 2007: Dias, et al., 2008 and
Mukesh Kumaretal., 2012).

Dairy Industry:
The major application of proteases in the dairy industry is in the manufacture of
cheese (Petra Philipps-Wiemann (2018)).

The proteases produced by GRAS (genetically regarded as safe)-cleared
microbes such as Mucor michei, Bacillus subtilis, and Endothia parasitica are
gradually replacing chymosin in cheesemaking (Rao et al., 1998). In 1988,
chymosin produced through recombinant DNA technology was first introduced
to cheesemakers for evaluation. Genencor International increased the production
of chymosin in Aspergillus niger var. awamori to commercial levels (Xiangyang
Liuand Chandrakant Kokare (2017)).

Uses of proteases in Baking Industry:

Endo- and exoproteinases from Aspergillus oryzae are extensively used in pro-
duction of foods such as syrups, alcohol, fruit juices, brewing, chocolate syrup,
baking and meat tenderizing (Luis Carlos Gioiactal., 2017).

Synthesis of Aspartame:

The use of aspartame as a no calorific artificial sweetener has been approved by
the Food and Drug Administration. An immobilized preparation of thermolysin
from Bacillus thermoprotyolyticus is used tor the enzymatic synthesis of aspar-
tame (Charu Lataetal., 2014; Andreas Abelsson (2020)).

Brewing Industry:

The brewing industry is a major user of proteases. In the production of brewing
wort Bacillus subtilis proteasc are used to solublize protein from barley adjuncts,
thereby releasing peptides and amino acids which can fulfil the requirement of
the nitrogen supply (Agrahari,2011; Rani etal., 2012, Kanupriyaetal., 2017).

Medical Usage:

Kudrya and Simonenko (1994) exploited the elastolytic activity of B. Alkaline-
fibrinolytic protease has been reported to preferentially degrade fibrin suggest-
ing its future application in thrombolytic therapy and anticancer drugs
(Mukherjec and Rai, 2011; Simkhada ctal., 2010b; Charu Latactal., 2014).

Therapeutics:

The use of immobilized alkaline protease from Bacillus subtilis possessing ther-
apeutic properties has been studied for development of soft gel based medicinal
formulas, ointment compositions, gauze, non-woven tissues and new bandage
materials. Oral administration of proteases from Aspergillus oryzae has been
used as a diagnostic aid to correct certain lytic enzyme deficiency syndromes
(Rao et al., 1998). Alkaline-fibrinolytic protease has been reported to preferen-
tially degrade fibrin suggesting its future application in thrombolytic therapy and
anticancer drugs (Mukherjee and Rai, 2011; Simkhada et al., 2010b; Charu Lata
etal.,2014).

Pharmaceutical Industry:

Proteases are uscful in the ficld of medicine also where they have some diagnos-
tic and therapeutic applications (Ward, 1985). Oral administration of proteases
from Aspergillus oryzae (Luizym and Nortase) has been used as a digestive aid to
correct certain lytic enzyme deficiency syndromes (Rani et al., 2012). An
asparginasc isolated from E. coli is used to eliminate aspargine from the blood-
stream in the various forms of lymphocytic leukemia (Rao et al., 1998; Rani el
al., 2012).Proteases are useful in the field of medicine also where they have some
diagnostic and therapeutic applications (Ward, 1985).

Proteases in silk degumming in Textile Industry:

Serein, which is about 25%, is conventionally removed from the inner core of
fibroin by conducting shrink proofing and twist-setting for the silk yams, using
starch (Kanehisa, 2000).

Photographic Industry-Silver recovery:

Alkalinc protcasces arc used in silver recovery from used X-ray films by decom-
posing the gelatinous coating on them (Cowan, 1996; Kumar and Takagi, 1999,
Anwar and Saleemuddin, 2000; Alya Sellami-Kamoun etal., 2006).

Used X-ray film contains approximately 1.5% to 2.0% (by weight) silver in its
gelatin layers, Conventionally, this silver is recovered by burning the films,
which causes undesirable environmental pollution (Ray, 2012; Charu Lata et al.,
2014), hence the enzymatic hydrolysis of the gelatin layers on the X-ray film
enables the recycling of both silver and poly-ester film base (Debelte, 1991;
Shampa Senctal., 2009). Alkaline protease from B, subtilis decomposed the gela-
tin layer within 30 min at 50-60°C and released the silver.

Alkaline Proteases, a tool to clean environment/Waste Management:
Extracellular enzymes have ability to enhance bioremediation because of break
down bonds within organic compounds and/or catalyse and transform into less
toxic and more biodegradable forms (Vipul Kumar et al., 2019). Alkaline pro-
teases are being able to reduce pathogen counts, solids content, and increase
deflocculation insludge (Passanai, (2020)).

54-9916 | Volume : 7 | Issue: 1 | Jan 2

Management of Industrial and House-hold wastes:

Protein-based residues usually represent the most significant potential foul ants
within food bioprocess sectors, such as milk- and meat-processing operations.
Pretreatment with NaOH, mechanical disintegration, and enzymatic hydrolysis
resulted in total solubilization of the feathers. The ended product was a heavy,
grayish powder with a very high protein content, which could be used as a feed
additive (Mayuri Sharma et al., 2019). Similarly, many other keratinolytic alka-
line proteases were used in feed technology for the production of amino acids.

Peptide Synthesis:

Enzymatic peptide synthesis offers several advantages over chemical methods,
e.g. reactions can be performed stereo specifically and reactants do not require
side-chain protection, increased solubility of non-polar substrates, or shifting
thermodynamic equilibria to favor synthesis over hydrolysis (Wuts, Peter and
Greene, Theodora (2006) In addition to demonstrating high organic tolerance,
alkaline proteases from B.pumilus strain CBS and Streptomyces sp. strain AB1
are potential strong canditates for use in peptide synthesis in low water systems
(Jaouadietal., 2011; Mikawlrawng (2016).

CONCLUSION AND FURTHER APPLICATIONS:

There is a renewed interest in proteases as targets for developing therapeutic
agents against relentlessly spreading fatal diseases such as cancer, malaria, and
AIDS.

Expansion of biotechnology tools offers a constructive position in the develop-
ment of prateases facilitate their applications to provide a sustainable environ-
ment achieved to attain the healthy human life. Acknowledgments: [ would like
to thank Dr. Suresh Vundavalli for his continuous help and encouragement to
complete this article. For the provision of required amenities and facilities of the
J.M.J.College, Tenali, Guntur, Andhra Pradesh and India to carry out the rescarch
and bring this article to print form.
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Abstract

The Murrels (Channa striatus) is an indigenous, predatory freshwater fish. It is also known as lay man
fish food with pharmacological benefits in treating wound and pain and in boosting energy of the sick.
Amino acids include glycine, lysine and arginine and fatty acids are namely arachidonic acid, palmitic
acid and docosahexaenoic acid are used for the preparation of several types of bioactive molecules
commercially. Antinociceptive activity or toxic inhibitor, anti-depressant and neuroregenerative agent
and it has wide-ranging medical uses. Henceforth the present study aimed to conduct the general survey
hy collecting various fresh water wild Channa striatus in Guntur district to investigate to identification of
pathogenicily of trematodes and its affect on Channa striatus morphological, physiological and
anatomical changes leads to the loss of nutritional, medicinal properties. Furthermore creating awareness
to the target area where collected the samples about the pathogenicity impact on human health and their
influences. Our results demonstrate that intestinal flukes are common in farmed fish in this arca,
suggesting that reservoir hosts such as dogs, cats, and pigs are more important in sustaining the life
cycles of these fluke in fish farms than human hosts. This has implications for the effectiveness of control
programs focused mainly on treatment of humans.

Keywords: human health, economic food, traditional nutritive food, amino acids, bioactive compounds,
medicinal properties, hosts, fresh water ponds, pathogenicity, trematodes, awareness camp,
pharmacological benefits, Channa striatus

Introduction
India is endowed with many freshwater resources, rich fish genetic biodiversity (2,200 fish
species) and ranks 9" in terms of freshwater mega diversity (Rubina Mondal and Anuradha
Bhat, (2020) @] Nevertheless, a significant portion of the freshwater fish production in India is
still based on the harvest from wild population (Vijay Anand P.E. (2019) [l In tropical
regions, parasites are major concern to freshwater and marine fishes (Morales-Serna ef al.,
2019) [, They constitute a major limiting factor to the growth of farmed fish (Prangnell,
David et al.. 2016) "' They play a vital role in devaluation of nutrients alteration of biology
and behaviour inducing blindness and in decreasing immunity reduction of growth and
fecundity, increasing mortality and morbidity and they also causes mechanical injuries based
on number and site of infection (Bichi et al., (2020) and Nmor ef al., (2020).

Moreover, parasites may also control host population dynamics and manipulate community
structure (Marcogliese David, (2004) ['*]. Parasitology is an ever going discipline in research.
The host parasite associations are unique in the sense that of the two organisms it is only the
parasites that is benefited while the host suffers (Stothard, et al., 2018 he valuable
information pertaining to the ecological aspects of freshwater fishes
parasitologists of national and international status (Gozlan et al.,
al, 2018) [ '8 At present, very few records of parasitic |
documented (Garcia ef al, 2018) Ul The present research 4
community characteristics of the metazoan parasite fauna identifidAti
of freshwater fish collected from various ponds located in Guntur
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Methodology

The present investigation dealing with parasitic diseases
particularly trematode parasites take hosting of Channa striata
collected from different ponds located in Guntur district,
Andhra Pradesh been selected for a period of one year from
July 2017- June 2018. Fish sampling was done by cast
netting; usually in the morning hours between 6 to 9am and a
minimum of 50 fish were netted each time. Examined the
collected Fish for any disease symptoms were investigated.
Samples were transferred to the zoology laboratory, J.M.I.
College for women (A) in live and also moribund condition to
conduct autopsy for further studies. Each fish was weighed
and its total length was measured. It was then dissected the
open viscera and observed for the trematode parasites. Each
intestine was opened with a mid-ventral incision along the
ventral bold vessel and intestine mucosa was exposed so as to
examine surfaces of each chambers. All the parasites were
collected and kept in the petridish with saline solution
separately. For identification the trematodes were fixed,
stained and whole mount were prepared according to the

http://www.fisheriesjournal.com

conventional technique.

To know the monthly changes of trematodes infection rates,
prevalence, one an intensity, density of infection have been
calculated for the each month in the study period July, 2017 to
June, 2018. Data on monthly prevalence of infection, seasonal
distribution and severity and type of infection were recorded.
A standard data sheet was prepared to take details like total
number of fish collected, number of infected and uninfected
fish.

Results and Discussion

The present work was under taken the incidence of and
seasonal prevalence of trematode parasites of murrel Channa
striata from various fresh water ponds located in the Guntur
district Andhra Pradesh. Data of prevalence of trematode
infection with different genus of trematodes was recorded in a
period of one year. The assessment of the prevalence was
based on the parasites obtained from internal organs of the
fish.

E Total No.s of fisk exam
| No of fish infected

M Prevalance (%)

Fig 1: Maonthly variations in overall prevalence of trematode in fection during 2017-118

Studies of prevalence: A total of 133 fishes were collected
from various ponds of Guntur district. Out of 133, 79 fishes

are infected. Months wise prevalence and mean, intensity was
given (Table 1).

Table 1: Prevalance and mean intensity of trematodes parasite in Channa striata from of Guntur district during different months.

Month TotalNo.s No. of fish | Total Ne. of | Prevalanc | Mean
of fish infected parasites e (%) intensity
CXaAN
July, 2017 12 8 14 75 1.75
| Aegust, 2017 10 7 16 70 2.28
September;, 2017 8 6 18 75 3.0
| October, 2017 14 7 20 50 2.85
MNavember, 2017 12 7 18 58 3.6
December, 2017 19 12 21 63 2.6
January, 2018 16 10 29 625 @
February, 2018 11 8 13 727 Y«
March, 2018 9 3 8 333 A6 )
| April, 2018 8 4 12 sp ¥/ 30
May, 2013 6 P 4 166 | T| 20
June, 2018 8 5 12 625 \\L\ 2.4
Total: 133 79 185 6886 \\|%, 3108
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B Total No.s of fish exam
® No. of fish infected

i Total No. of parasites
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10 8 Total No.s of fish exam
M No, of fish infectec

& Mean intensity
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Fig 3: Monthly-variations in mean intensity of trematode infection during 2017-18

The trematode infection of Channa stiata from ponds/creeks given Table 2.
and canals of Guntur district during different seasons was

Table 2: Percentage trematodes parasite infection of channa striata of Guntur district during different seasons

Season | Total No. of fishexam | No.of fish infected | Percentage of Infection

Rainy 44 28 63.6

Winter 58 37 63.7

Sommer 31 14 451

Total: 133 79 L0
7\

< G
2/ ;
“ony) ¥
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2 Rainy
= \Winter

2 Summer

Tatal No. of fish
exam

No. of fish infected

Percentage of
Infection

Fig 4: Seasonal variation in overall prevalence of trematode infection during 2017-18

The percentage of in the rainy season goes to 63.6%, winter
goes to 63.7% and summer was goes to 45.1%. Monthly
variations of infection of parasites were given (Fig 3.1).

Discussion

In the present examination the prevalence of infection was
highest recorded in the both months of July and September,
2017. In the rainy seasons infection was higher percentage
than winter. The lowest percentage was found in summer
season. Feeding activates of the host may also be one of the
reason (Auda Fares (2013) !l Furtherly found infection rate
percentage was high during the periods of low temperature
and low percentage infection during the high temperature
(Kumari Gautam et al., 2018) [*1. The factors responsible for
influencing the seasonal cycle of parasitic infection were
namely temperature, host feeding habits, availability of
infective intermediate hosts, and parasite maturation (Joanne
Cable er al., 2017) Pl Such parameters can easily be studied
in a terrestrial or freshwater host (Binh cao and Pascale S.
Guiton (2018) 1 and Krishna and Sreeramulu, (1996) studied
the prevalence and intensity of infection with Didymozoid
parasite in Priacanthus hamrur, from waltair coast.

According to Rohde, (1993), temperature affects parasite
faunas in two ways, 1) specics numbers are greatly increased
in warm seas and 2) species are different in cold and warm
seas. Thus temperature is the most important factor
responsible for differences in species numbers as well as
variability in species.

The association of seasonal maturation with seasonal
mortality occurs commonly amongst parasites of fish. Life
cycle of these parasites may be short and not more than one
single season (Nico ef al, 2019) Bl Temperature brings a
change in host behavior which indirectly effects the parasite
recruitment and flow of parasites (Kennedy, 1975). The
period of highest incidence of infection of parasites may be
assumed as the lowest recruitment season as well as due to the
elimination of parasites due to mortality. Rainy and winter
seasons seem to be favourable for the parasite for infection.
According to Bell and Burt, (1991) and Ellis et al., (2020) 1)
Vincenzo et al., (2020) 7 parasite community diversity is
positively correlated with hosts local prevalence. Manter,
(1966) stated that if hosts are sparse, they may lack parasites,
although other conditions may be favourable. He stated that a
certain concentration of hosts and parasites is needed to

assure the completion of life cycles.

Conclusion and Future Scope: Snakehead has vital
functions with medicinal and pharmaceutical fresh water fish.
In generally it is been used to treat wounds, alleviate pain,
boosts energy and endowed with remarkable anti-
inflammatory, anti-nociceptive, platelet aggregation, as well
as mild antimicrobial and antifungal properties. And also used
as a therapeutics and nutritional supplements. Treating
neurological diseases and in inducing regenerative potential
of organs and cells. With reference of these applications we
creating awareness to the remote area people and rural people
who regularly consume murrels, due to indigenous helminthes
pathogenicity may harm and causes different parasiting
infections leads to the human abnormalities. Apart from have
many advantages and many applications under rescarch.
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ABSTRACT

Introduction- Oxygen level present in the human body is a measure that shows the amount of Oxygen
Saturation (Sp02) present in Red Blood Cells (RBC). It is as essential to check blood oxygen level as checking
the body temperature level for wellbeing concerns. Particularly during the current circumstance when the viral
infection and its outbreak is way normal. The recent episode of destructive infections like COVID-19, Middle
East Respiratory Syndrome (MERS), Ebola, Lassa Fever, Zika Virus, Yellow Fever, and latest Influenza A
[H3N2 and HIN2]warns us to stay ready for forthcoming virus attacks.[1] It is apparent from ongoing
researches that the immune system of our body is likewise demonstrated by the SpO2 levels. All in all, we can
say that the blood oxygen level is the non-intrusive method of recognizing the resistance capacity of an
individual against the virus attack [2]. Oxygen level degradation is one of the major lethal explanations behind
the passings of deaths in the recent COVID-19 cases. It was taught to ceaselessly screen the blood SpO2 level,
as blood oxygen loss is generally not distinguished. Till the patient arrives at the emergency clinic, they
normally breakdown due to lack of oxygen and respiration problems. Our paper proposes the Heart Beat and
SpO2 sensor [Max 30100/30102] interfacing to check the immunity level of individuals. The framework is
associated with an ESP8266 based IoT module to screen the body parameters like SpO2 and Heartbeat, live on
the web. It very well may be profoundly valuable for the specialists to screen their patients from various wards
of clinics as well as from any edge of the world. In our country, whereas of now, there is a shortage of doctors,
this framework can assist with arriving at their patients remotely. This gadget can be a deliverer for individuals
to get unaffected from a late flare-up of infections as the majority of individuals even get infected by different
patients in hospitals too.

Keywords
Oxygen Saturation (Sp02), Red Blood Cells (RBC), Middle East Respiratory Syndrome (MERS)

INTRODUCTION

The year 2020 will be known as the COVID pandemic era due to the severity, communicable
nature, and deadly impact of COVID-19 over humanity. As of today, the total cases of
coronavirus is 108,812,516 of which 2,395,970 deaths and 80,841,562 recoveries are there. Death
and recovery mainly depend on 2 parameters. Immunity level of the body [durability of the body
against virus] and timely identification of viral infection. Most of the people died in coronavirus
cases due to a lack of ventilation system provided to them in China. This num ) only 20% of

died of COVID-19 could not receive ventilation at the time of need. T
2020 when COVID was not spread worldwide. The lack of ventilation s
the biggest reasons for COVID-19 deaths worldwide.[3]
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In our paper, we deal with the SpO2 sensor which can live track the heartbeat and blood oxygen
level. We can broadcast the sensor parameters in a real-time numerical and graphical format to
the web servers. Early detection of degrading oxygen level and lower immunity due to lower
oxygen level are the two major identification of critical situations in any viral disease pandemic.
After COVID there are many viral diseases in the line to shake humanity like the SFTS virus.

BETTER COORDINATION [ 0clyincet.
\ILLD ()F TI IE HOUR ignoring early
\ symptoms
also leading to
deaths
> There are
complaints
about non-
4 availability of
ICUAventilator
beds in
i hospitals
S Sk > Lack of coor-
10 cwid -19 > Non-availability of | dination among
ventilator beds one

reported frum ofthe main reasons | cies has hit
each district on behind high death development of
average daily rate instate healthinfra

Fig.1: Lack of Ventilators and Coordination: Main reason for Deaths during the COVID
era [4]

We can be ready to combat these viruses we the help of technology. Adequate SpO2 level is
between 95-100. A healthy person with good immunity always has the optimum SpO2 level [95-
100] but when the value goes below 90 there is an urgent need to provide ventilation. Any further
delay can be fatal and causes severe breathlessness which can further result to causes death. In
the case of COVID patients it happened the same, till their blood oxygen saturation came below
90 they felt minor breathing difficulty, negligence of which further reached to minimum SpO2
level and ultimately deaths.

LITERATURE REVIEW

[1]. EsratJahan et al. explained in detail the pulse oximeter system. They explained that they have
used the heartbeat and blood oxygen saturation as the parameters to analyze the health of a
human being. The information about how the heartbeat and blood oxygen percentage is explained
as the light absorption rate of the sensor. They provided the different heart rates for several
categories and explained that for a healthy person the heartbeat should be in a prescribed range.
The effectiveness of the healthy respiratory system is determined by the oxygen percentage
present in the red blood cell of the blood. The device developed by EsratJahan et al. is a primary
work in the field where the peripheral interface controller (PIC) microcontroller-based system
detects the blood oxygen level and heartbeat. They use the transmittance method of body
parameter measurement to detect the above-said parameters. It is found from their practical
observatlon that the results obtained are very close to the preset value. The preset value of SpO2

This paper helps us to have different values of heart rate and SpO2 t03
parameters. [5] '
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[2]. Avneendra K. Kanva et al. observed detailed information about SpO2 and heart rate using a
smartphone. Their main work involved using a phone camera as the SpO2 detection tool. The
variation in the color pattern of the finger placed on the camera lens can also calculate the
accurate heartbeat. They also proposed the comparative accuracy test of their proposed phone-
based SpO2 and heartbeat detection system with the noninvasive sensors available in the market.
The optical video monitoring and detection of heartbeat and SpO2 are observed minutely. This
enables the system to observe accurate and reliable outcomes. At first, they recorded the small
video of the finger against a heavy light source from behind to accurately capture the amount of
light passing through the finger. In the second step, around 600 frames are extracted from our
video recorder for further analysis. In the next step, each image is processed for its red and blue
particles of formation. The mean of red and blue color components are calculated and calculated
to identify the standard deviation of the same red and blue components. The calculated value of
all 600 frames is formed in the form of a graph. The SpO2 level calculated is linked with the
heart rate with + 15 of the ideal heart rate. This system provides another perspective to our study
to create a much accurate calculative study over the reduced hardware for body parameter
calculations. [6]

[3]. M.T Tamam et al. demonstrated in their paper the noninvasive method of heart rate and
oxygen saturation and body temperature detection with the help of sensors. They mentioned that
heart disease is the number 1 cause of death all over the world. Their main parameter deals with
identifying heartbeat, body temperature, and blood oxygen saturation level. They designed a
pulse oximeter of clip type. They calculated the result of body temperature, heartbeat, and SpO2
level on many participants. They used a heart rate sensor, oxygen saturation sensor, and
temperature sensor. The Arduino board is used as the logic device in the system. The software
system used was MULTISIM and BASCOM simulation software. The calculation error is
comprised of Sp02-0.89% BPM-3.095% and temperature-0.78% this shows that the system is
highly accurate in comparison to other methods. The real-time matching of body parameters and
adding temperature sensors is what gives the almost similar consent but with additional display
and IoT broadcast our result. [7]

OPERATION AND WORKING PRINCIPLE
3.1 Operation

Fig.2: Operation Diagram
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0102 and IoT system deals with the detection of heartbeat and SpO2 levels. The

real-time update is processed on the webserver using the Node MCU microcontroller system. The
overall system is designed in the form of a portable device that is powered by a 2700 mAh
Lithium Polymer (LiPo) battery. The rechargeable battery is charged and managed by the
recharging controller TP4056. The charging controller can be powered by any phone charger or

even through US
can be provided
phones.

3.2 System Flow

B power from any PC, laptop, or even power banks. The internet connectivity
with a WiF1 connection from our internet modems or even by Hotspot of our
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#include "FS.h"

#include <Wire.h>

#include "MAX30100 PulseOximeter.h"

#include "Adafruit GFX.h"

#include "OakOLED.h"

#define CAYENNE PRINT Serial

#include <CayenneMQTTESP8266.h>

#define REPORTING PERIOD_MS 10000 // set to 10secs. Set as appropriate.
0OakOLEDoled;

PulseOximeter pox;

float BPM, SpO2;

uint32_ttsLastReport = 0;

String hrData = "";

unsigned long timems =0,

/! WiFi network credentials.

charssid[] = "iotdata";

charwifiPassword[] = "12345678";

char username[] = "885805e0xxxx-f259-11e6-8577-0128e408alba";

char password[] = "f2400465a9¢0c177xxxx28a6b0f5d6bad99594a0ef51";

charclientID[] = "3406xxx9f70-5dd9d-11eb-a2we4-b32ea624e442";

//char username[] = "885805e0-259-11e6-8577-0128e408alba";

//char password[] = "f2400465a9c0c17728a6b0f5d6bad99594a0ef51";

//char clientID[] = "b8619790-4cfd-11eb-a2e4-b32ea624e442";

const unsigned char bitmap [] PROGMEM=

{

0x00, 0x00, 0x00, 0x00, 0x01, 0x80, 0x18, 0x00, 0x0f, 0xe0, 0x7f, 0x00, 0x3f, 0x19, 0xff, Oxc0,
0x7f, 0xf9, Oxff, 0xc0, 0x7f, Oxft, Oxff, 0xe0, 0x7f, Oxff, Oxff, 0xe0, Oxff, Oxff, 0xff, 0xf0,
0xff, 0xf7, Oxff, 0xf0, 0xff, Oxe7, Oxff, 0xf0, Oxff, 0xe7, Oxff, 0xf0, 0x7f, Oxdb, Oxff, Oxe0,
0x7f, 0x9b, 0xff, 0xe0, 0x00, 0x3b, 0xc0, 0x00, 0x3f, 0xf9, 0x9f, 0xc0, 0x3f, Oxfd, 0xbf, 0xc0,
0x1f, 0xfd, Oxbf, 0x80, 0x0f, 0xfd, 0x7f, 0x00, 0x07, Oxfe, 0x7e, 0x00, 0x03, Oxfe, Oxfc, 0x00,
0x01, 0xff, 0xf8, 0x00, 0x00, 0xff, 0xf0, 0x00, 0x00, 0x7f, Oxe0, 0x00, 0x00, 0x3f, 0xc0, 0x00,
0x00, 0x0f, 0x00, 0x00, 0x00, 0x06, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00

3

// Callback (registered below) fired when a pulse is detected
voidonBeatDetected()

{

Serial.println("Beat Detected!");

oled.drawBitmap( 60, 20, bitmap, 28, 28, 1);
oled.display();

¥

void setup() {

Serial.begin(115200);

oled.begin();

oled.clearDisplay();

oled.setTextSize(2);

oled.setTextColor(1);
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oled.setCursor(0, 0);

oled.display();

pinMode(2, OUTPUT);

Cayenne.begin(username, password, clientID, ssid, wifiPassword);
Serial.print("Initializing Pulse Oximeter..");

pinMode(16, OUTPUT);

if ('pox.begin())

{
Serial.printin("CONNECTION FAILED");
oled.clearDisplay();
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.printin("CONNECTION FAILED ");
oled.display();
for(;;);

}

else

oled.clearDisplay();
oled.setTextSize(2);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.println(" Heart beat and SpO2 monitoring");
oled.display();
Serial.printin("WAITING FOR INPUT");
digital Write(2, HIGH); //Turn off in-built LED

h
pox.setOnBeatDetectedCallback(onBeatDetected);
pox.setlRLedCurrent(MAX30100_LED_CURR_24MA);
if(!SPIFFS.begin()){
Serial.println("An Error has occurred while mounting SPIFFS");
return;

}

}
void loop()

pox.update();
BPM = pox.getHeartRate();
Sp0O2 = pox.getSpO2();
if (BPM < 40 || SpO2 == 0)
// Neglects low readings and starts loop again.

return;

}
if (millis() - tsLastReport> REPORTING_PERIOD_MS)
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{
digitalWrite(2, LOW); // Turn ON LED everytime reading is saved

// Cayenne.loop();
Serial.print("Heart rate: ");
Serial.print(BPM);
timems = millis();
hrData = String(timems) + String(",") + String(BPM) + String(",") + String(SpO2);
//convert variable from integer to string
Serial.print(" bpm , Sp02:");
Serial.print(SpO2);
Serial.println(" %");

File file = SPIFFS.open("/HR_test.txt", "a");
Cayenne.virtualWrite(0, BPM, "counter","p" );
Cayenne.virtual Write(1, SpO2, "O2", "p")
oled.clearDisplay();
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0,11);
oled.println(pox.getHeartRate());
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.printin("Heart BPM");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 30);
oled.printIn("Spo2");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.printIn(" HB+SPO2");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 11);
oled.println(" DETECTION");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 21);
oled.println(" UNIT");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0,45);
oled.printIn(pox.getSp02());
oled.display();
if(!file)

{

Serial.println("Failed to open file for writing");
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return;
}
file.println (hrData);
file.close();
digitalWrite(2, HIGH);
tsLastReport = millis();
J
}

IMPLEMENTATION AND QUTPUT
4.1 Hardware Unit
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Fig.4: Online Output Fig.5: Offline Output

V. DISCUSSION AND CONCLUSION

Thus we developed a system of Live heartbeat and SpO2 tracking which is crucial for the current

situation as well as for the future. Already in the market SpO2 and Heart Beat detection systems
not tested. Our

are available but they have limited features and their accuracy is mainl
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provides it worldwide coverage of the data transmission. The system is possible to implement in
realtime and it can easily solve the problems like scarcity of doctors, the sudden need for
ventilators, the worry of elder people living alone with health concerns, updates about patients
getting treated, etc. We hope the positive implementation of technology will bring change for the
health sector and enable us to fight against the forthcoming viral diseases.
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Abstract: India is a country which is named after the river Indus which represents a rich culture well connected with water
bodies [1]. It is the nation with 18% of the world’s population and it also accounts for 4% of water resources available
worldwide. The 4% water for 18% population provides only 1720 cubic meters of fresh water per person every year [2]. The
biggest threat to water resources in India is water pollution. The most immediate and extensive reason for water pollution in
India is sewage and its improper treatment. The industrial, agriculture, medical, radioactive, and solid wastes are directly
dumped into rivers which causes the maximum damage to the quality of water present in different water bodies. The biggest
sewage producing cities in India produce 38, 354 Million Litres per Day (MLD) sewage but out of that around 30.78% only
gets treated under Urban Sewage Treatment (UST) and the remaining meets the freshwater to make it highly polluted and
poisonous for human and aquatic creatures [3]. Our proposed system is an initiative to identify the quality of water using pH
level of water using high precision pH analyzers and report this content using worldwide coverage connectivity medium,
Internet of Things (IoT). Internet of things. The system proposed is a portable device that is linked with a Wi-Fi-based IoT
system to report and update the quality of water present in any water body where it is planted. The live reporting can be
broadcasted world-wise to aware about their water body is safe to use or not. This can also alarm the public against any
dangerous chemical mix-up with water and save their lives.

Keywords: Million Litres per Day (MLD), Urban Sewage Treatment (UST), aquatic creatures, pH, Internet of Things (IoT)

1. Introduction

When the water of river Ganga begins at Devprayag where it is in its purest form no one can guess it will
become one of the most polluted rivers all over the world [4]. With the increasing length of the Ganga from the
Himalayas to Bangladesh, the distance of 2525 Kms. The holy river keeps contaminating.

Figure 1. Pollution of Rivers in India [10]

There are some points where the pollution attains the level of 31 million bacteria in just 100 millimeters of
water. The longest river of India which recharges the groundwater and provides water for drinking, agriculture,
and household works is polluted to its maximum capacity means in many ways we intake this pollution into our
bodies as well.
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Hepatitis A
Figure 2. Pollution of Rivers in India [11]

Most of the disease like diarrhea, dysentery, typhoid, cholera, and poliomyelitis kills more than 500 thousand
worldwide and they are the water-born disease. The major water pollutants are comprised of pesticides, viruses,
parasites, chemicals, plastics, polythenes, phosphates, nitrates, and a lot more unknown substances [5]. Improper
sewage treatment, dirt dumping, clothes washing in river steers, and waste disposal are the most immediate cause
of water pollution in India. In recent times government started many initiatives to kick start the stagnant process
of river cleaning. ‘'Namami Ganga’’ is also such an initiative to free the longest river of India from dirt and
pollution. The initial process to clear Ganga was initially started in 198 itself with the name of Ganga action plan
1, a hefty sum of 4000 crores has already been invested till 2014 but Ganga became dirtier and dirtier despite
several plans and initiatives [6]. Cleaning a 2525 km long river is not possible by any government plan alone but,
is a matter of public responsibility. Our proposed paper deals with research on the identification of the most impure
water bodies their location and level of pollution. The reporting of the pollution level is demonstrated during the
research. We also deal with several impurities and concerned diseases produced by water pollution. In our next
session, we deal with the literature survey about the paper with all detailed analyses of previous works carried out
in the field so far.

2. Literature Survey

[1] Kofi Sarpong Adu-Manu et al. explained in their paper about smart river monitoring systems with the help of
wireless sensor networks. The study was conducted in Weija Dam, Ghana. To increase the power capacity of
sensor nodes solar panels were used. The water quality was measured on different parameters like pH, conductivity
level, calcium level, Temperature, Fluoride level, and Oxygen content. The result was cross-referred for the
condition of aquatic life and water plants available in the water body during the test. Multiple sensors were
deployed in the water body to capture several parameters in the real-time scenario. The wireless transmitted data
is then received on the local monitoring station (BS) using local communication. Then through an internet
connection, the complete data is remotely transmitted to the remote monitoring station and cloud. The complete
data is retrieved on the user's system for further processing of information. The overall information is processed
for five months straight to test its usability and effectiveness. It was observed that due to the quality reduction in
water, the contamination increased in some parts of the water body. This was clearly stated in the report. This
resulted in a high number of deaths of fishes and aquatic plants. [7]

[2] Derara Chalchisa et al. wrote in his paper about the test of water quality in the storage tanks to ensure the
safety of urban water supplies. They mainly took the case study of Ethiopia where water is a big issue to solve.
Most of the health issues are based on drinking contaminated water. In Urban areas mainly there are pipelined
water connections but the water contamination in the distribution process mainly this issue is to be analyzed in
detail. They reached the fact that all the samples of drinking water were contaminated by microbes. The samples
collected from the exit of water tanks had more microbes compared to the microbes present at the entry of the
water tanks. This result demonstrates the leakage in water tank and pipelines where microbes enter the water supply
chain. Water contamination causes severe health issues and deaths as well. The water
from the sample was matched with the WHO standard of drinkable water but none
quality. All the water samples were found to be substandard and unsafe for drinki

pipes, and damaged support/tanks. It was also proposed that if these issues are pr
solve the water contamination to its maximum extent. [8]
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[3]1 K. A. Mamun et al. explained in detail the smart system of water quality monitoring. They took the case study
of Fiji surface water. In their analysis, they explained that in recent years, water around Fiji has been reasonably
contaminated and needs proper observation to predict the damage already done. Fiji is located in the Pacific Ocean
and it requires different parameters to analyze the water quality in different locations. The water quality needs to
be matched against the standards provided by Fiji national drinking water quality standards (NDWQS). The main
parameters to be analyzed for water quality identification are the potential of Hydrogen (pHO, Temperature,
Oxidation Reduction Potential (ORP), and conductivity. the proposed research on based on the five locations of
Fiji to analyze the water quality using the above 4 parameters. the sensors are powered by solar panels and batteries
to provide uninterrupted reporting of the water quality report. the water surface data is analyzed from the sensors
and provided to the cloud storage system. then the cloud-stored data is further segregated into the form of graph
representations and provided to the users through android applications and web pages. all the sensor nodes replicate
the same process and report the concerned data from their geography for reliable results and analysis. [9]

3. Operation and Working Principle

In this system, we use different sensors for measuring the position of aquaculture. The pH sensor is the key
sensor to consider the water quality by dipping it in the water. If the water is polluted the pH value drops and water
becomes much acidic. If the water acidity increases or the pH value drops further from pH value 5 then the
automatic motor starts to replace water. It also has an 1oT feature to upload data online and maintain a record of
pH value and automatic motor starting. It has an automatic water level controller to control the water level to its
optimum level. This study gives the preferred data at any moment from any part of the world and screening their
concern instantly at any part of the location.

3.1. Circuit Diagram
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Figure 3. Overall System Circuit Diagram

intelligence core and thinker of logic controls. The relay connectmn IoT page, display,
labeled and demonstrated in the circuit diagram.
3.2. Block Diagram
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Supply

Atmega 328
l | P-PU
15in LCD Display

Microcontroller Temperature
Sensor

Water Pump Motor

Automatic Water
Level Controller

Figure 4. Overall System Block Diagram

Block diagram represents the overall system functionality and working. The components and their
schematics are drawn in the diagram. It represents the Atmega microcontroller as the brain of the overall
functionality. The IoT updates on the page demonstrate the working of the reporting system as well.

P ——

o
3.3. Microcontroller Program // >

~

."f

#include <LiquidCrystal. h> Seriaf.begin(9§i]6):
LiquidCrystal led(12, 11, 5, 4, 3, 2); pinMode(8, OU' PE’ iy HE.
const int analogInPinl = A0; pinMode(9, OUTRER);
int sensorValuel = 0; digitalWrite(8, L }v,;
long II; digitalWrite(9, LOW:") NTWO™
lcd.begin(16, 2);
void setup() led. setCursor(0, 0);
7 led print("WATER QUALITY MONITORING”)
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led.setCursor(0, 1);
led. print("MONITORING UNIT");
delay(2000);
led setCursor(0, 1);
led. print("RING AND CONTROL ");
delay(1000);
lcd.setCursor(0, 1);
led.print("LING SYSTEM FOR ");
delay(1000);
led.setCursor(0, 1);
led. print("AQUACULTURE");
delay(1000);
led.setCursor(0, 1);
led print(" USING 10T------ 5
delay(1000);
led.clear();
lcd.setCursor(0, 0);
led. print("PH SENSOR STATUS");
Serial print("*");

Serial print(" PH SENSOR MODE ACTIVATES");

delay(2000);
Serial.print("#");
}

int hb,hbt hbtt;
void loop()
{
Serial print("*");
led setCursor(0, 1);
led.print(" PH Value:- ");
Serial println("pH Value:-");
sensorValuel = analogRead(analoginPinl);
led.setCursor(l11, 1);
delay(20);
led print(sensorValuel/12.5);
Serial println(sensorValuel/12.5);
delay(5000);
Serial print("#");
/
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3.4. Major Advantages

e pH Sensor is the most reliable water quality sensor as it can be dipped in water
e 0T used is the most advanced communication technology

e Possible to maintain a database of all data records

e Possible to control the motor remotely using loT

4, Discussion and Conclusion

Thus our proposed system of water quality testing and live reporting using [oT is designed. The paper in
detail analyses the quality of water quality analysis using IoT systems and reports for public safety. The proposed
system is also usable for any geographical location and can be of great use for the high water pollution containing
water bodies. As a future enhancement, we can have the attachment of a turbidity sensor to also analyze the
physical, visibility-based clarity of water identification. This would make our proposed system more accurate and
reliable.
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Abstract: Heavy metals are key components to cause environmental pollution and heightened level of
concentration is toxic to the living organisms. In generally food is the main source of accumulation of toxic
metals day by day from various source, they include through soil, water and atmospheric dust. Many
disorders like cancer, gene mutation. physiological malformation or physical deformations in pregnant
women or very young children. May be one of the reason of consumption of indigenous food. Presently
people are fascinate to have fish is the one of the most important ingredients in the daily diet due to this
rapid growth of consumption and different practices to produce the agua products based on the demand.
Hence forth the present study focused on intoxication studies on the consumption of [reshwater catfish
namely Heteropneustes fossilis, collected from different aqua farming cullures. Aim ol the work is to
predict the different adverse effects of LCso  of lead and cadmium and mortality, behavioural and
haematological studies.
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Introduction: Pollution of aquatic environments with heavy melals has seriously increased worldwide and
under certain environmental conditions fish may concentrate large amounts ol some metals from the water
in their tissues (Vhahangwele Masindi and Khathutshelo L. Muedi (2018)). The heavy metal contamination
of aquatic ecosystem has attracted the attention of researchers all over the world owing to their toxicity at
very low levels, persistence in the environment and ability to get incorporated in the tissues of organisms
(Rai, Prabhat. (2008)). All these factors make the toxicants deleterious to the aquatic environment and
consequently to humans who depend on aquatic products as source of food (Paul et al., 2014). Heavy
metals can accumulate in the tissues of aquatic animals and as such tissue concentrations of heavy metals
are of public health concern to both animals and humans (Tembo Rostern (2017)).

‘GﬁtsﬂlSédx

Bloaccumulatlon of non—csscntlal metals i in tissues leads to intoxication 111ty, tissue

3 |

through different organs of the fish and induce morphological, histological a
the tissues which may critically influence fish quality (Mehjbeen Javedl a : fi
Common sub-lethal effects are behavioral (e.g. swimming, feeding, attraction-avdiddfgeyang / ey-predator
interactions), physiological (e.g. growth, reproduction and development), biochemicat{e'g. blood, enzyme
levels), and histological changes (Sanaa Abdulaziz Mustafa (2020)).

Once heavy metals are accumulated by aquatic organisms, they can be transferred to upper class of
food chain. Heavy metals generally do not degrade and tend to biomagnify in man through food chain
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(Hadeel M Huseen and Ahmed J Mohammed (2019)). Thus human health eventually is threatened by the
consumption of such food. There are two ways of penetration of heavy metals into the organism either by
direct water absorption or by consuming fish as food (Michael A Clark ef al., 2020). Reported larger metal
loads in the tissues of predatory fish species. The ecological specificity of metal pollutant is that there are
practically no self-cleaning mechanism known for them when present in water, they pass through the
trophic chain of aquatic communities (Elisabet Lindgren ef al., 2018).

Heavy metals affect specific vital organs such as liver, gill and kidney. Liver contains highest
metal concentration because it is an organ of storage and detoxification of metal. Heavy metals have the
ability to bioaccumulate in the liver and kidney, the target organs of heavy metal pollution and also body’s
detoxification organs. Changes in histological structure of specific vital organs due to exposure of sub-
lethal concentration of metal in various fishes have been reported by many workers (Gandhewar and Zade
(2019)). The body constantly tries to eliminate heavy metals via the available exit routes: the liver, kidney
and skin. Detoxification mechanism includes acetylation, sulfonation, oxidation, etc. Liver is a
detoxification organ and essential for both the metabolism and excretion of toxic substances. Liver has the
ability to degrade the toxic compounds but its regulating mechanism can be overwhelmed by elevated
concentration of these compounds and could subsequently result in structural damage. Here most of the
products are expelled through the bile into the small intestine and should leave the body via the digestive
tract. Histological analysis is crucial in determining cellular changes that may occur in target organs, such
as gill, liver and kidney (Ting Liu et «l., 2020).

Heavy metals can causc genctic mutation. They disrupt the metabolic process. Ieavy metals alter
prooxidant-antioxidant balance and bind to free sulphydryl groups resulting in inhalation of glutathione,
metabolism, numcrous cnzymc and hormonc functions. Chemically rcactive pollutants such as
clectrophiles react with different nucleophilic biological molecules. Depending on its electrophilicity, an
electrophilic pollutant reacts with soft nucleophile, such as thiol groups in protein and peptides or harder
nucleophiles, such as nuclcotides in DNA. They also pointed out that reaction with peptides and proteins
interfere with the ccllular reducing capacity through conjugation with glutathione or interferc with the
enzymc activity, while DNA damage leads to mutation (Richard ct al., 2019).

Lead is the nonessential and most toxic metal which is widely distributed in the aquatic
environment and earth’s crust. Heavy metals such as lead, mercury, and cadmium are considered to cause
public health hazards, Nonessential components of lead may cause nephrotoxicity, neurotoxicity, decrease
growth rate, survival, metabolisms and development, and several adverse health efTects. Consumpltion of
such metal-contaminated fishes by a human can cause serious health issue. Metals deteriorate the
ecological balance of the aquatic environment because fish are at the end of the aquatic tropic level and
they have a higher tendency to accumulate metals in their body (Richard er al., 2014). The aim of the
present study was to investigale heavy metal bioaccumulation and alteration in hematological indices and
red blood cell and nucleus morphology and in difTerent organs like gills and muscles ol grass carp exposed
with different concentrations of heavy metals.

MATERIALS AND METHODS
Animal: (8.5£5.5cm; 9.5+6.5g) were transported in oxygenated bags (50 fish per bag) from carp hatchery
of Mardan and Peshawar to the lab. The fish were treated with 0.2% KMnOs solution for two minutes to
remove any external infection.
Acclimatization: Fishes were acclimatized to the laboratory conditions in large fiber glass tanks with
unchlorinated ground water for 3 to 4 weeks at a room temperature of 28 = 2°C. As these catfishes are
benthic in nature, overcrowding was avoided by keeping small numbers of fishes in each tank. Water was
changed on alternate days. Tanks were covered with fish netting to prevent the escape of fishes.
Selection of sub lethal concentrations: In the present study 1/10" of the 96h LC 50 valueFe

exposure, five replicates were maintained. The water was changed every day in the control and 1enewed in
the treatment group, so that the concentration of cadmium chloride remained the same during the
experimental period. Heteropneustes fossilis was exposed to sub-lethal concentration of Cadmium for 21
days. At the end of 7th, 14thand 21st day sampling was done. At the end of the exposure period, blood was
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taken by the following method. The fish were caught very gently using a small dip net, one at a time with
least disturbance. Each fish was held and wrapped with a clean, dry towel and the posterior half of its body
was blotted with a clean coarse filter paper. Blood from the Control and Cadmium chloride treated fishes
were obtained by severance of caudal peduncle and collected in Eppendorf tubes containing 1% of
Ethylene diamine tetra acetic acid (EDTA) as anticoagulant (Mgbenka et al, 2003). Haematological
parameters were estimated by standard methods as described by Hesser (1960) and Blaxhall and Daisley
(1973).

Tissue Digestion for Accumulation: Estimation of heavy metals was carried out by following the tissue
digestion. Tissue samples were thawed, rinsed in distilled water, and blotted with blotting paper. After
blotting, the samples were transferred to 100 ml volumetric flasks. The entire flask was washed properly
and rinsed with distilled water, before transferring the tissue samples. Then, the known weights of each
tissue were transferred to these volumetric flasks. Samples digestion was carried out according to the
methods presented. A slight modification was made in the procedure; instead of putting 10 ml nitric acid
(60%) and 5 ml per chloric acid (70%) at the time of digestion, 5 ml nitric acid (60%) and 1 ml per chloric
acid (70%) were added to each flask and the flasks were then kept overnight. The next day, a second dose
of 5 ml nitric acid (60%) and 4 ml per chloric acid (70%) was added to each flask. The flasks were kept on
a hot plate, covered with Pyrex glass cover, and allowed to digest at 200 to 250°C until a clear transparent
solution was observed. Initially, dark brown fumes appeared followed by white fumes. The dense white
fumes from the flask, after brown fumes, were an intimation of completion of the digestion process. By this
method, digestion was accomplished in about 30 minutes instcad of 3 to 4 hours as described in. After
digestion, the samples were cooled, filtered through Whatman 42 filter paper and diluted to 100 ml with
distilled water by proper rinsing of the digestion beakers.

Histological Studies: After the fish dissection, portions of tissues (gills and muscles) were preserved in
10% formalin for histological studies. The preserved tissues were processed in various grades of ethanol,
cleared in xylene, and impregnated with wax (mp; 58°C). Five-micron-thick sections were cut using a
rotary microtome (Leica RM 2165) at 100x. Tissuc scctions were stained with hematoxylin and eosin
(H&E). Stainced slides were obscrved and photographed under a high-resolution microscope (Lecia, Japan)
fitted with a digital camera.

Statistical Analysis: the statistical analysis was performed using IBM SPSS (version 20).

RESULT AND DISCUSSION

Mortality and probit mortality of Lead and Cadmium (Toxicological Studies): Toxicological studies
were conducted to evaluate the rate of mortality and probed mortality of H. fossifis under various known
concentrations of cadmium in the aquaria. In the Aquarium or ecological pond (static and continuous flow)
gradual increment of cadmium, Lead concentrations with time intervals proportional increment had been
observed rate of mortality and probit mortality and plotted to determine the LCso value and vulnerability
rate of the fish (Table 4.4 and 4.5). Acute toxicity was found at 96 h LCso of cadmium, lead in static was
20.68619 ppm; 65.00476 ppm and continuous flow was 16.66384 ppm 5842679 ppm and lethal
concentration (LCso). Rate of mortality at 95% confidential levels includes both the cases of lower and
upper at 96hours of exposure was observed good mortality rate at lower concentration for longer periods of
time was more toxic and caused complete death resulted in both static and continuous flow system (static
lower, upper 18.55514; 24.44486; continuous lower and upper 14.55514; 20.44486 ppm. Similar reports
were observed in the case of salmonids, Oncorhynchus mykiss, Salvelinus confluentus and Oncorhynchus
tshawytscha (Finalayson and Verrue, 1982; Hansen ef al., 2002), guppy, Poecilia reticulate (Yilmaz ef al.,

2004), Cyprinus carpio (Muley et al., 2000; Dardenne et al., 2007), Nile tilapia, Qreechromis niloticus
(Mahnaz Sadat Sadeghi and Sadegh Peery(2018),Garcia ef al., 2006) and Rohu 7 (Dutta and
Kaviraj, 2001). It also concurs the Canadian Environmental Protcct Act, 199 be i has been

suggested that toxicity of cadmium in fish varies from species to species. Cadr
on the H. fossilis (Nilalohit et al., 1981; Henary and Atchison, 1990; Brown e
et al., 2002; Sobha et al., 2007, Kasherwani et al, 2009).The mortality due
accumulation of cadmium. The variations observed in the 24, 48, 72 and 96
fossilis and other fishes may be attributed to the fact that metal induced changes in physiology and survival
of aquatic organisms under metallic stress differ from metal to metal, species to species and from one
experimental condition to other. The exact causes of death due to heavy metal poisoning are multiple and
depend mainly on time-concentration combination. The 96 h LCso values for cadmium were recorded as
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5.36 mg L. Sobha et al. (2007) reported 96 h LCso of Catla Catla for Cd, Lead as 4.53 mg L. El-
Moselhy (2001) reported decrease in the Heteropneustes fossilis.

Table 4.1.2 : The LCso values of cadmium exposed to H. fossilis for 24, 48, 72 and 96 h in Static system

S.No | Exposure | Conc. | LagConc Na. of No of Noof | Percen Problt
period (pprm) . Mish fish Mish i Morialil LAOSH
exposed ulive dead Morial y
Iy
1 275 | 1439333 10 ? 1 10 37184
2 24h 290 1462398 10 8 2 U 4.1584
3 S | 1484300 10 b 3 3 30 44756 | 32.68056
4 320 | 15051540 10 & 4 40 4.7467
5 335 | 1.525045 10 4 3 60 | s2s33
& 245 1389166 L1 2 1 10 3.7184
7 axh - 26.0 | 1414973 10 8 2 20 4.1584
k] 275 1.439333 10 (3 4 40 47467 28.14915
9| 290 | 1462398 1w | a4 | & [ 6en | s2s33 |
10 S | 1484300 10 3 7 80 58416
11 215 | 1332438 190 8 2z 20 4.1584
12 72h 230 | 1361728 10 & 4 40 4.7467
13 245 | 1389166 190 4 [3 60 5.2533 2369800
14 26.0 1.414973 10 3 7T 80 5.8416
15 275 | 1439333 10 2 8 20 62816
16 185 1267172 10 8 2 20 41584
17 26 b 200 | 1301030 10 (3 4 40 4.7467
18 215 | 1332438 190 4 [ (1] 5.2533 Z0.68619
19 23.0 1361728 10 2 8 30 S3416
20 245 | 1389166 10 1 9 20 6.2816

Table 4.1.3: The LCzo values of cadmium exposed to H. fossilis for 24, 48,72 and 96 h
in Continuous flow through system

S.No | Exposure | Conc. | Log Na. of | Na. of| Na  of | Percent | Probit
period | (ppm) | Come. | fish fish flsh Mortalit | Mortal | LCs,
exposcd alive dead ¥ ib
1 235 1371068 | 10 9 1 10 3.7184
2 25.0 1397940 | 10 8 2 20 4.1584
3 24h 265 1423246 | 10 7 3 30 44756 | 18.68177
4 280 1.447158 | 10 [3 4 40 4.7467
5 295 1469822 | 10 4 6 60 52533
[3 05 1311754 | 10 9 1 10 3.7184
7 220 1342423 | 10 8 2 20 4.1584
] 48h 235 1371068 | 10 [ 4 40 47467 | 24.13725
9 2540 1397940 | 10 4 6 60 52533
10 265 142346 | 10 3 i 80 58418
11 175 1243038 | 10 8 2 20 4.1584
12 1940 1278754 | 10 6 4 40 4.7467
13 | 72h pi k] 1311754 | 10 4 & 60 5.2533 | 19.68146
14 220 1342423 | 10 3 7 80 58416
15 235 1371068 10 2 8 %0 62816
16 145 1161368 | 10 8 2 20 4.1584
17 160 1.204120 | 10 6 4 40 4.7467
18 [96h 175 1243038 | 10 4 6 60 5.2533 | 16.66384
135 1920 1.278754 | 10 2 8 80 58416
0 W5 1311754 | 10 1 9 90 6.2816

Table 4.1.12: 95% Confidence levels of Cadmium exposed to H. fossilis for
24, 48, 72 and 96 h in static and continuous flow through methods

SNo | Exposure 95% Confidence levels
peried Static Methed Continuous flow through Method
Lower Upper Lower Upper
1 24h | 2755514 | 33.44486 23.55514 29.44436
2 48h | 24.55514 | 3044486 20.55514 26.44486
3 Tih | 2155514 | 2744486 1755514 23.44486
4 96h | 1855514 | 2444486 1455514 20.44486
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Table 4.1.13. The LCsovalues of Lead exposed to H. fossilis for 24, 48, 72 and 96 h in Static system

S.No | Exposure | Conc. Log No.of fish | No.of | No.of Percent Probit
periad in ppm | Conc. cxpased fish fish Mortalit | Mortalit | 14
alive dead y y
1 720 1.857332 10 2 1 10 3.7184
2 24h 750 1875061 10 ] 2 20 4.1584
3 78.0 1.892095 10 14 3 30 44756 | 82.35547
4 81.0 1.908485 10 6 4 40 4.7467
5 H#4.40 1924279 10 4 & &0 5.2533
6 68.0 1831509 10 2 1 10 3.7184
T 43h T1.0 1851258 10 8 2 20 4.1584
8 74.0 1.869232 10 6 4 40 4.7467 | 75.33431
2 770 1.386491 10 4 5 &0 52533
10 H04) 1303090 10 3 7 30 S 8416
11 64.0 1.806180 10 8 2 20 4.1584
12 7Zh 67.0 1.826075 10 6 4 40 4. 7467
13 704 1345098 10 4 & &0 5.2533 | 68.44619
14 73.0 1363323 10 3 7 80 53416
15 76.0 1880814 10 2 8 20 62816
16 61.0 1.785330 i} 8 2 20 4.1584
17 9% h 640 1806180 10 L] 4 40 4.7467
18 660 1319544 10 4 6 &0 S5.2533 | 6500476
19 69.0 1.838849 10 2 8 80 58416
20 72.0 1.857332 10 1 9 20 62816

Table 4.1.14. The LCsovalues of Lead exposed to H. fossilis for 24, 48, 72 and 96 h in Continuous flow through system

S.No | Exposure | Conc. | Log No .of No.of No.of Percent Probit
period in Conc. fish fishalive | fishdead | Mortality | Mortalit | LCs
ppm exposed y

1 66.0 | 1.819544 10 9 1 10 3.7184

2 24hb 69.0 | 1.838849 10 8 2 20 4.1584 763570
3 72.0 | 1.857332 10 7 3 30 4.4756 5

4 750 | 1.875061 10 6 4 40 4.7467

5 780 | 1.892095 10 4 6 60 5.2533

6 620 | 1.792392 10 9 1 10 3.7184

7 48h 65.0 | 1.812913 10 8 2 20 4.1584 693250
8 68.0 | 1.832509 10 6 4 40 4.7467 8

9 71.0 | 1.851258 10 4 6 60 5.2533

10 74.0 | 1.869232 10 3 7 80 5.8416

11 58.0 | 1.763428 10 8 2 20 4.1584

12 | 72h 61.0 | 1.78533 10 6 4 40 4.7467 624352
13 640 | 1.80618 10 4 6 60 52533 8

14 67.0 | 1826075 10 3 7 B0 5.8416

15 70.0 | 1845098 10 2 8 30 6.2816

16 54.0 | 1.732394 10 ] 2 20 4.1584

17 | %h 57.0 | 1.755875 10 [ 4 40 4.7467 58,4267
18 60.0 | 1.778151 10 4 3 60 5.2533 9

19 63.0 | 1.799341 10 2 8 B0 5.8416

20 66.0 | 1.819544 10 1 9 90 6.2816
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Table 4.1.23. 95% confidence Levels of Cadmium exposed to H. fossilis for
24, 48, 72 and 96 h in static and continuous flow through methods

8.No | Exposure 95% Confidence levels
period
Static Method Continuous flow-through
Method
Lower | Upper Lower Upper
.
1 24h ;102 83':897 66.11027 7788973
1102 | 79.8897
2 48h 68 ; : 3 62.11027 73.88973
3 72h 64.;102 75'?97 58.11027 69.88973
4 96h 61";883 71'?1 & 54.11027 65.88973

Behavioural Studies (Gill and Tissue): Various sub-lcthal concentrations of cadmium and lecad shown
adverse effcets on behaviour of fish. In the both cascs of stagnant and continuous flow culture. Observable
dysfunctions were found which includes sluggish movement due to this condition fish slowly moved to the
bottom of the aquarium. Swim independently and trying o jump out of the water in the 7, 14 and 21 day.
This kind of behaviour is laking as index to measure the physiological and biochemical alterations of an
organism. Inability to take feed or reduced quantity consumption by the animal, position and defend nature
was altered ((Prashanth ef @/, 2011)). In the second day onwards animal secretes mucous all over the body,
more in gill region. Physiological responses were measured based on the moderate and mild gulping of air
and moderate opercular movement was observed. The animal, /. fossilis showed various behavioral
changes at different cadmium and lead concentrations. The type, rate and duration of the behavioral
changes increased with increase in concentrations. Animal is Hyperactive and attempted to escape from the
tank during the first hours of all treatments. The behavioural disorders included loss of balance, respiratory
difficulty, slowness of motion; frequent surfacing activity and increased mucus secretion were observed
after 48 h of exposure. These toxic effects increased as the dose increased. After 72 h of exposure in higher
concentration, the secretion of mucus increased and the fish turns upside down in the water, became
motionless, sideways swimming and loss of balance were observed concurrent with the reports of
Puvaneswari and Karuppasamy (2007), Asim Ullah et al., (2016). The anal fin, the anus and the area
around the eyes were bloody. The fish behaviour in laboratory can be a sensate marker of toxicant-induced
stress (Smita Srivastava ef al., 2007). The target organ most frequently involved in systemic toxicity is the
CNS (brain and spinal cord} (Klaassen, 2008), resulting in loss of coordination and locomotion, instability
followed by hyper excitability, tremors and convulsions (Wouters and Vanden Brecken, 1978).
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Table 4.2.1.Behavioural responses of H. fossilis exposed to various sub-lethal concentrations of Cadmium at different periods

of exposure

Expasure | Sub- Behavioural Responses

Periods | lethal |Surface | Jumping | Fast Mucous | Air Opercular
cone, | Yisil swimming | secrelion | gulping | mevement

T*Day Contral H + +H 2 H H
A +H i +H i H H
B H + +H . H +H
C H +H H 2 H H

14%Day | Centrol | + + + “ + +
A + + = ¥ + H
B +H + + - H +
C +H + +H - +H H

21*Day | Conirol | + 4o + < + ++
A + - - + + +H
B + 2 4 + + +
C H + + - +H H

A = Sub-lcthal conc, (2.068 ppm): B = 50% SI.of A (1.034 ppm); C =350% SI.of B (0.517 ppm)  Notes: - none, + mild and ~+ moderate.

Table 4.2.2. Behavioural responses of /1. fossilis exposed to various sub-lethal concentrations of T.ead at different periods

of exposure
Exposure | Sub-lethal Behavioural Responses
Periods conc. Surface | Jumping Fast Mucous | Airgulping | Opercular
visit swimming | secrefion movement
Control H H +H L H H
T*Day A +H +H +H g +H
B +H H H - H H
C +H +H +H - H +H
Control +H +H + 5 H +H
14" Day A + + e + + H
B + + + - H H
C H H H = H H
Control H +H +H < H +H
214 Day A + < - i +
B + + + + t
C H + + = H

v,/' )
9ny) }f;:-f/

-

Haematological Studies: Haematogram was carried out to determine the erythrocytes (RBC), leucocytes
(WBC) and thrombocytes. Total 82 animals belong to the H. Fossilis were used for this study. The animal
weight was approximately 54+4g. RBC was immature at low temperature count of the RBC found to be
3.26+0.63 millions/mm? for males and 3.24+0.76 millions/mm’® for females and leucocytes (WBC) were
found to be 3.74+2.25 millions/mm? for males and 3.76+2.16 millions /mm? for females. Hemoglobin (Hb)
10.52+1.62 g/dl in males and 10.66 +1.72 g/dl in females were predicted, during the breeding season and
the minimum when the gonads were immature. All blood cells were found highest value where gonads
were maturing at highest temperature in summer months. Variations found in the haematological studies
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depend on the body weight, physiological condition of the animal, temperature and season. Haematological
parameters more quickly reflect the health status of fish than any other commonly measured parameters
(Arun Thomas et al., 2017; Atkinson and Judd, 1978).

Table 4.3.1. Haematological profile of H. fossilis (Male and Female)

RBC Hb FCV | WBC MCV | MCH | MCHC
(millions) |  (g/dl) (%) | (millions) |  (un’) rg) (%)
Male (N=42)
MeantSD| 3-2610.63 | 10524162 39.16+3.28| 3.7442.25 | 120.1242.57 | 32.2641.25 | 26.86+4.93

Range 152- |112- 32.12- |3.56-3.86 |106.78- 2825-  |221-

436 14.98 46.56 12746 34.35 3217
Female (N=40)
MeantSD | 3-2410.76 | 10.66 393412.16| 3.7612.16 | 121.4112.26 | 32.9042.66| 27.08:3.98
+1.72
Range 2.38- | 7.16- 32.14- |3.58-3.85|114.02- 30.08- |2227-
422 15.26 48.12 135.04 36.16 317

Haematologically significant changes were seen when subjected with various concentrations of
Cadmium and Lead exposure of H. fossilis for 7, 14 and 21 days has shown significant decrease in
haematocrit and haemoglobin concentration, Red blood cell counts with increased count of white blood cell
(Table 4.3.2). Where decline stat of MCHC found when compared to control. But opposite levels of
increment in the case of both MCV and MCH values respectively. . Increase in erythrocyte number during
spawning season has been reported by Ezzat ef al. (1973); Yazan et al, (2014) for Tilapia zilli and Fourie
and Hattingh (1976) for carp. More number of erythrocytes is needed for the high energy demands
associated with gonadial maturation, Cameron (1970) has shown that changes in RBC counts in pin fish
are of some importance in meeting seasonal increase in respiratory demands (Srivastava and Sanjeev
Choudhary (2011)).

Table 4.3.2. Cadmium induced changes in Hematological parameters of 1. Fossilis

Treatments | Exposure Experiment
period REBC b PCY WBC MCY MCH MCHC

(millions) (g/dl) (%) (millions) (um? (rg) (%)
Control | 70Day | 31060112 | 10524016 | 38.94:1.16 | 37240160 | 119.80+3.26 | 33.93:1.22 | 27.0120.34
14%Day | 31150342 | 10.640.68 | 38.98:1.18 | 37880226 | 121.1554.12 | 34212102 | 27.29:0.64
21%Day | 3.1140.645 | 10.7240.12 | 38.98:0.96 | 3.78+0.468 | 121.92+2.62 | 34.46£1.46 | 27.50:0.46
ToDay | 2080342 | 8285034 | 37.18:0.84 | 3980234 | 199.42:2.88 | 39.80+1.20 | 22.27:0.48
A 14%Day | 1.6650.112 | 7.02:048 | 35.06:0.82 | 4.0940.146 | 260.60+3.12 | 42.28+1.16 | 20.02:0.74
21%Day | 12240126 | 5724034 | 32.88+0.68 | 4.24:0248 | 367.86:3.78 | 46.88+1.28 | 17.39:0.66
ToDay | 24240246 | 9.64:0.28 | 38.18:0.66 | 3.90:0.106 | 16438+4.12 | 39.83:0.86 | 25.2740.784—
B 14%Day | 19820242 | 8162046 | 36.68+0.96 | 3.98:0.426 | 210.5043.46 | 41.21:0.96 | 22245484 3*1\
21%Day | 1.78:0.422 | 7204068 | 3526:0.88 | 4.08:0346 | 240.7842.86 | 42.69:1.08 | 20/41305 :

ToDay | 2.76+0.116 | 9.82+0.24 | 38.85+0.86 | 3.82+0.420 | 140.76+2.68 | 3557+1.28 ’E:#?.SS

% 14%Day | 2.48+0.112 | 9.104:0.26 | 37.86+0.68 | 3.88+0.268 | 160.72+2.78 | 36.69+1.02 340,66
21%Day | 2.040.246 | 8461042 | 36243084 | 39630262 | 202154326 | 41473098 | 23340 2 .““;f’fi‘-k-“

*Each value is represented as mean + SD (n=5); Values are significant at p<0.05 (based on t-test)
A = Sub-lethal cone. (2.068 ppm); B = 50% SL of A (1.034 ppm); C =50% SL of B (0.517 ppm)
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Table 4.3.10. Lead induced changes in Haematological parameters of H. fossilis

Treatments | Exp Ex ent
period REC b rev WBC MCV M MCIIC
_(millions) (&/dl) (%) (millions) wm® | (®) (%)

Control 7 Day 38.94:1.1 1198118
3.1040.112 | 10.5240.16 3 3.72:40.160 8 33.9430.46 | 27.01:034

14Dy 38.98+1.1 12116421
3.1150.342 | 10.64:0.68 Y 3.7840.226 2 34.2120.86 | 27.2940.64

21%Day 3898109 121.9342.2
3.1120.645 | 10.7240.12 3 3.78+0.468 2 34.4740.78 | 27.50:0.46

7% Day 3788508 185.06:2.0
A 2.1620.348 | 8.78:0.14 4 3.94:0.342 8 40.50:0.82 | 23.17:0.46 |

14 Day 3586:0.8 23528422
1.78+0.124 | 7.3240.82 2 4.0540.416 6 41.12:0.68 | 20.410.36

212y 33.68:0.6 34016423
1.2940.142 | 5.98+0.42 ] 4.18+0.242 2 46.36+0.62 | 17.75+0.28

7% Day 38.6840.6 152.2741.6
B 2.56+0.222 | 9.8410.18 6 3.86:0.222 8 38.4440.78 | 25.2430.52

Dy 36.98+0.9 20138£1.9
2.03:).242 | B.6640.62 6 3.944.260 8 42664088 | 23.95H).46

215Day 3586208 228.0442.1
1.84+0.226 | 7.52+0.68 8 4.0440.412 2 43.40:0.58 | 20.97+0.54

7%Day 38.80:0.8 137.06+1.8
c 2.8240.142 | 10.08:0.40 [ 3.80+0.280 & 35.7440.82 | 25.98+0.46

14™Day 37.9240.6 15414416
2.5610.136 | 9.5810.16 8 3.8630.408 8 37424038 | 2526044

—— 36.48 19217412
2.12:440.264 | 886+0.24 | 034 | 3.9430.320 2 41795088 | 24.2830.64

*Fach value is represented as mean L 81 (n=3); Values are significant at p<0.05 (based on (-lest)
A = Sub-lethal conc. (6.50 ppm); B = 50% SL of A (3.25 ppm); C = 50% SL of B (1.625 ppm).

Conclusion: The present study implics that the cadmium and Lead arc at incrcased dosage subjected,
toxicitics, initiation of inflammation and redness. Prolonged cxposurc causcs acute physiological and
anatomical changes could result. Henceforth the present investigation depicts that with accordance of
pollution ratc and toxicity, enhanced in the fish. So that degree of harmfulness increased day bay day leads
to cause many alternations by consuming such kind of food regularly, to avoid the toxicity of the above
said metal free or required quantity aquarium or ecological cultivation must be maintained and
recommended to practise to give or supply the vital with good protienacious food.
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ABSTRACT

As the era of big data is coming, many genomic consortia are generating an
enormous amount of data to characterize the functional roles of genetic variants and
these data are widely available to the public. To reveal novel genomic insights from this
data within a reasonable timeframe, traditional data analysis methods may not be
sufficient or scalable, forcing the need for big data analytics to be developed for
genomics. Genome data of fifty SARS -Corona Virus are analyzed for finding out
common feature among them. A novel feature called “Percentage Concentration of
Nucleotides™ denoted as pA, pT, pG and pC are evaluated for each genome data and
cross verified with other data whether all of them possess the same genetic features or
not. Adjoints of a genome data are four independent binary sequences corresponding
to the nucleotides of adenine, thymine, guanine and cytosine. For example, the adjoint
of adenine of a genome sequence is a binary sequence consisting of 1's in the place of
adenine in the genome sequence and 0’s in all other places. The adjoint of thymine of a
genome sequence is a binary sequence consisting of 1°s in the place of thymine in the
genome sequence and 0’s in all other places. The adjoint of guanine of a genome
sequence is a binary sequence consisting of 1 's in the place of guanine in the genome

segregation of szmzlar genomes into different classes is done and then re. '. It
in this paper. :
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1. INTRODUCTION

Irrespective of the size of the enterprise, either big or small, accessing the data continuous to be
precious and irreplaceable asset. Data is exists internally to the enterprise and also exists outside
the four walls and firewalls of the enterprise. Data is present in homogeneous sources as well
as heterogeneous sources. The need of the hour is to understand, manage, process and take the
data for analysis to draw valuable insights [1]. Big data is defined as the large data sets that are
too large or complicated to be processed by traditional data applications. Big Data applies to
information that can’t be processed or analyzed using traditional processes or tools.
Increasingly, organizations today are facing more and more big data challenges. The big data
era is in full force today because the world is changing. They have access to wealth of
information, but, they don’t know how to get values out of it because it is sitting in its most raw
form or in a semi structured or unstructured format; and as a result, they don’t know even
whether it is worth keeping or not [2]. Genomic medicines attempts to build individualized
strategies for diagnostic or therapeutic decision making by utilizing patients genomic
information. Big data analytics uncovers hidden patterns, unknown correlations and other
insights through examining large scale various datasets [3]. A genome is an organisms complete
set of DNA including all of its genes. Each genome contains all the information needed to build
and maintain that organisms. In human, a copy of the entire genome more than 3 billion DNA
base pairs is contained in all cells that have a nucleus [4]. Each cell in a body for example skin
cell, liver cell contains the instructions in our genome are made up of DNA. Within DNA is
unique chemical code that guides our growth, development and health. This code is determined
by the order of four nucleotide bases that make up DNA. Adenine, Thymine, Guanine and
Cytosine are the four nucleobases in the nucleic acid of DNA that are represented by A-T-G-C.
DNA has twisted structure of a double helix. It has the functions in protein synthesis and
chemical component of DNA and RNA. RNAs are termed as viruses. They are constructive as
well as destructive. Constructive Viruses act in the Forward Process and destructive Viruses act
in the reverse process. [5]

2. DATA USED FOR ANALYSIS

Fifty —complete genome of wviruses as given in the NCBI  website:
https://www.ncbi.nlm.nih.gov/genbank/sars-cov-2-seqs/ are considered here for data analysis.
These genome data are assumed to be genuine and analysis carried out on them. [6]

Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2 / human / IND /

Assam-JMC4/2020 ORF8 protein (ORF8) and nucleocapsid phosphoprotein {N) gertes

partial cds Gy K,

GenBank: MT429168.1

LOCUS :MT429168 323bp RNA linear VRL 05-MAY-2020

DEFINITION : Severe acute respiratory syndrome coronavirus 2 isolate
SARS-CoV-2/human/IND/Assam-JMC4/2020 ORF8 protein (ORF8) an
nucleocapsid phosphoprotein (N) genes, partial cds.

ACCESSION : MT429168

VERSION : MT429168.1
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SOURCE : Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)
ORGANISM :Severe acute respiratory syndrome coronavirus 2
Viruses; Riboviria; Nidovirales; Cornidovirineae; Coronaviridae;
Orthocoronavirinae; Betacoronavirus; Sarbecovirus.
REFERENCE : 1 (bases I to 323)
AUTHORS : Borkakoty,B., Bali,N.K., Barua,P., Hazarika,R., Sharma,M.D. and
Phukon,P.
TITLE : TSP PCR for identification of L and S type of SARS-CoV-2
JOURNAL Unpublished
REFERENCE : 2(bases 1 to 323)
AUTHORS : Borkakoty,B.,Bali,N.K.,Barua,P.,Hazarika,R.,Sharma,M.D.Phukon,P.
TITLE : Direct Submission
JOURNAL :Submitted (05-MAY-2020) Microbiology, Regional Medical Research
Centre (ICMR), Dr. B Borkakoty, Scientist-E, Regional Medical
Research Centre For NE Region (ICMR), Bokel, Dibrugarh, Assam
786001, India
COMMENT : ##Assembly-Data-START#H#
Sequencing Technology :: Sanger dideoxy sequencing
##Assembly-Data-END##
FEATURES :Location/Qualifiers

ORIGIN

ggtaattata cagtttcctg tttacctttt acaattaatt gccaggaacc taaattgggt
agtcttgtag tgcgttgttc gttctatgaa gactttttag agtatcatga cgttcgtgtt
gttttagatt tcatctaaac gaacaaacta aaatgtctga taatggaccc caaaatcagc
gaaatgcact ccgcattacg tttggtggac cctcagattc aactggcagt aaccagaatg
gagaacgcag tggggcgega tcaaaacaac gtcggeecca aggtttacce aataatactg
cgtcttggtt caccgctcte act

Genome data of MT429168.1 Numerical Sequence
0001100101 0100000000 0001000000 1011001100 0001001100 0111000000
1000000010 0000000000 0000010011 0100000010 1001001001 0000000000 .~ 7 s -
0000010100 0010001110 0110111001 1110000001 0110001000 0111100100, .-~ &
0111000100 0000100100 0000000010 0000101000 1100000100 1100101 1005-{ * ' :
0101100010 0000000001 0011110110 0000000001 1000001000 1101101000 \t
0000000000 0100000000 100 \
Similarly other fifty genomes that are chosen for analysis can also be coded as shown above.

3. PERCENTAGE CONCENTRATION OF NUCLEOTIDES IN
GENOME SEQUENCE

Similar calculation of pH value of a solution, the values of pA, pT, pG and pC of a genome
sequence and composition of these values like the proportion pA : pT : pG : pC is a method to
classify and categorize genome sets. The Percentage Concentration of Nucleotides calculation
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is as follows: “Given a genome sequence, the number of particular nucleotide, say A, present
in that genome sequence is counted and the sum is divided by the total number of nucleotides
in that genome sequence. The fraction when multiplied by 100 yields the percentage
concentration of Adenine pA”. Similarly one can evaluate pT, pG, and pC. Now, pA, pT, pG
and pG were calculated for all fifty virus genome data [7]. To find out novel genomic insights
traditional methods of analyzing data will not be sufficient, forcing the need for big data
analytics to be developed for genomics. So, certain Machine Learning Algorithms are used to
analyze this genome data and inferences are drawn for fifty genomes [8].

3.1. Basic details of all the Fifty Virus Genome are given below:

Table 1
SNO GENE BANK | Length of |No. of Adenine No. of No. of Guanine]  No. of
ID Nucleotides (A) Thymine (T) (G) Cytosine(C)
I LC522350.1 182 60 52 35 35
2 L.C523807.1 357 110 73 86 88
3 LC523808.1 357 79 73 86 88
4 L.C523809.1 357 110 73 86 88
5 LC528233.1 29902 8933 9601 5869 5499
6 LC529905.1 29903 8954 9596 5864 5489
7 LC534418.1 29878 8931 9595 5861 5491
8 LC534419.1 29874 8932 9590 5860 5492
9 LR757995.1 29872 8932 9589 5861 5490
10 | LR757996.1 29868 8933 9586 5861 5488
11 | LR757998.1 29866 8937 9584 5859 5486
12 | MN908947.3 29903 8954 9594 5863 5492
13 | MN938384.1 29838 8909 9586 5859 5484
14 | MN938385.1 287 98 82 53 54
15 | MN938386.1 287 98 82 53 54
16 | MN938387.1 107 38 33 22 14
17 | MN938388.1 107 38 33 22 14
18 | MN938389.1 107 38 33 23 14
19 | MN938390.1 107 38 33 22 14
20 [ MN970003.1 290 79 99 57 55
21 | MN970004.1 290 79 99 57 55
22 | MN975262.1 29891 8942 9595 5863 5491
23 | MN975263.1 287 98 82 53 54
24 | MN975264.1 287 98 82 53 54
25 | MN975265.1 287 98 82 53 54
26 | MN975266.1 107 38 33 22 14
27 | MN975267.1 107 38 33 27 14
28 | MN975268.1 107 38 33 22 P
29 | MN985325.1 29882 8933 9595 5863 AL 7 HASIICN
30 | MN988668.1 29881 8932 9594 5863 [/ &/ 5492 &\
31 | MN988669.1 29881 8932 9594 5863 [ 5492 B
32 | MN988713.1 29882 8933 9591 5862 \\WE\ 5488 /3
33 | MN994467.1 29882 8933 9595 5861 Nk 54930
34 | MT371574.1 29756 8889 9561 5843 R
35 | MT372481.1 29898 8961 9594 5857 5485
36 | MT374105.1 29900 8952 9595 5861 5492
37 | MT374110.1 29900 8952 9597 5863 5488
38 | MT374112.1 29901 8952 9601 5861 5487
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39 MT374116.1 29901 8954 9597 5861 5489
40 MT375457.1 29788 8929 9559 5844 5456
41 MT375460.1 29848 8912 9593 5859 5484
42 MT375481.1 29899 8952 9598 5862 5487
43 MT375482.1 29880 8949 9592 5858 5481
44 MT375483.1 29871 8924 9599 5861 5487
45 MT396247.1 29853 8865 9538 5773 5421
46 MT429168.1 323 90 96 67 70
47 MT435084.1 29800 8895 9573 5854 5474
48 MT435085.1 29800 8896 9582 5852 5470
49 MT435086.1 29800 8887 9565 5838 5469
50 MT439597.1 29303 8747 9408 5760 5385
4. FORMULA TO CALCULATE PA, PT, PG, PC
The formula to calculate pA, pT, pG, pC as shown below:
pA= (Number of Adenine / Length of Nucleotides) * 100
Example:
pA for genome ID LC522350.1 is = 60/182*100 = 32.97
pT= (Number of Thymine / Length of Nucleotides) * 100
Example:
pT for genome ID LC522350.1 is = 52/182 = 28.57
pG = (Number of Guanine / Length of Nucleotides) * 100
Example:
pG for genome ID LC522350.1 is = 35/182 = 19.23
pC = (Number of Cytosine / Length of Nucleotides) * 100
Example:
pC for genome ID LC522350.1 is =35/182 =19.23
Similarly pA, pT, pG, pC is calculated for all fifty genomes.
Table 2
No.of | No.of | No.of | No.of | Length of
SNO GEN?I])?' B Adenine | Thymine |{Guanine|Cytosine| Nucleotide| pA pT | pG | pC
(A) (M G) ©) s
1 | LC522350.1 60 52 33 35 182 32,97 | 28.57 [ 19,23 | 19.23
2 | LC523807.1 110 73 86 88 357 30.81 | 20.45 { 24.09-| 24.65
3 | LC523808.1 79 73 86 88 357 22.13 | 20.45 24.09 12465
4 [ LC523809.1 | 110 73 86 88 357 | 30.81 |[20.45 [-24.09 | 94.85
5 | LC528233.1 [ 8933 9601 5869 | 5499 29902 | 29.87 [132.11[19.63 [ A8 39
6 | LC529905.1 | 8954 9596 5864 | 5489 29903 | 29.94 | 3299 19.6,1/58'%6
7 | LC534418.1 | 8931 9595 | 5861 | 5491 | 29878 | 29.89 | 3211916214838
8 | LC534419.1 8932 9590 5860 5492 29874 29.90 | 32.10 [ 1962 | 18.38
9 | LR757995.1 8932 9589 5861 5490 29872 2990 | 32.10| 19.62 | 18.38
10 | LR757996.1 8933 9586 5861 5488 29868 29.91 | 32.09 | 19.62 | 18.37
11 | LR757998.1 8937 9584 5859 5486 29866 29.92 | 32.09 | 19.62 | 18.37
12 | MN908947.3 | 8954 9594 5863 5492 29903 29.94 |1 32.08 | 19.61 | 18.37
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13 | MN938384.1 | 8909 9586 5859 5484 29838 | 29.86|32.13]19.64 | 18.38

14 | MN938385.1 98 82 53 54 287 34.15 | 28.57 | 18.47 | 18.82
15 | MN938386.1 98 82 53 54 287 34.15 | 28.57 | 18.47 | 18.82
16 | MN938387.1 38 33 22 14 107 35.51 | 30.84 | 20.56 | 13.08
17 | MN938388.1 38 33 22 14 107 35.51 | 30.84 | 20.56 | 13.08
18 | MN938389.1 38 33 22 14 107 35.51 | 30.84 [ 20.56 | 13.08
19 | MN938390.1 38 33 22 14 107 35.51 | 30.84 | 20.56 | 13.08
20 | MN970003.1 79 99 57 55 290 27.24 | 34.14 [ 19.66 | 18.97
21 | MN970004.1 79 99 57 55 290 27.24 | 34.14 | 19.66 | 18.97
22 | MN975262.1 | 8942 9595 5863 5491 29891 [29.92 |32.10|19.61 | 18.37
23 | MN975263.1 98 82 53 54 287 34.15 | 28.57 | 18.47 | 18.82
24 | MN975264.1 98 82 53 54 287 34.15 | 28.57 | 18.47 | 18.82
25 | MN975265.1 98 82 53 54 287 34.15 | 28.57 | 18.47 | 18.82
26 | MN975266.1 38 33 22 14 107 35.51 | 30.84 ] 20.56 | 13.08
27 | MN975267.1 38 33 22 14 107 35.51 | 30.84 | 20.56 | 13.08
28 | MN975268.1 38 33 22 14 107 35.51 | 30.84 | 20.56 | 13.08

29 | MN985325.1 | 8933 9595 5863 5491 29882 |29.89 |32.11|19.62 | 18.38

30 | MNO88668.1 | 8932 9594 5863 5492 20881 |29.89[32.1119.62|18.38

31 | MN988669.1 | 8932 9594 5863 5492 29881 29.89 [ 32.11[19.62 | 18.38

32 | MN988713.1 | 8933 9591 5862 5488 29882 | 29.89 |32.10]19.62 | 18.37

33 | MN994467.1 | 8933 9595 5861 5493 29882 | 29.89 [32.11]19.61|18.38

34 | MT371574.1 | 8889 9561 5843 5463 29756 | 29.87 | 32.13 [ 19.64 | 18.36

35 | MT372481.1 | 8961 9594 5857 5485 29898 | 29.97 [32.09 | 19.59 | 18.35

36 | MT374105.1 | 8952 9595 5861 5492 29900 | 29.94 | 32.09 | 19.60 | 18.37

37 | MT374110.1 | 8952 9597 5863 5488 29900 |29.94 |32.10|19.61 | 18.35

38 | MT374112.1 | 8952 9601 5861 5487 29901 [29.94 |32.11[19.60 | 18.35

39 | MT374116.1 | 8954 9597 5861 5489 29901 | 29.95[32.10|19.60 | 18.36

40 | MT375457.1 | 8929 9559 5844 5456 29788 | 29.98 [ 32.09 | 19.62 | 18.32

41 | MT375460.1 | 8912 9593 5859 5484 29848 | 29.86|32.14|19.63 | 18.37

42 | MT375481.1 | 8952 9598 5862 5487 29899 |29.94 |32.10]|19.61 | 18.35

43 | MT375482.1 | 8949 9592 5858 5481 29880 [29.95|32.10]19.61 | 18.34

44 | MT375483.1 | 8924 9599 5861 5487 29871 | 29.88 | 32.13|19.62 | 18.37

45 | MT396247.1 | 8865 9538 5773 5421 29853 | 29.70 | 31.95|19.34 | 18.16

46 | MT429168.1 90 96 67 70 323 27.86 | 29.72 | 20.74 | 21.67

47 | MT435084.1 | 8895 9573 5854 5474 29800 | 29.85|32.12|19.64 | 18.37

48 | MT435085.1 | 8896 9582 5852 5470 29800 | 29.85|32.15[19.64 | 18.36

49 | MT435086.1 | 8887 9565 5838 5469 29800 | 29.82 [32.10]19.59 | 18.35

50 | MT439597.1 | 8747 9408 5760 5385 29303 | 29.85|32.11|19.66 | 18.38

5. INFERENCES DRAWN FROM PERCENTAGE NUCLEOTIDE N
CONCENTRATION OF ABOVE 50 GENOMES (= ,r’ <

be seen below.
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Table 3

No. of No. of No. of No. of Length of
SNO | GENEBANK ID Adenine Thymine Guanine Cytosine Nucleotides

PA pT pG pC

LC522350.1 60 52 35 35 182 32.97 | 28.57 | 19.23 | 19.23
1.C523807.1 110 73 86 88 357 30.81
LC523808.1 79 73 86 88 357
LC523809.1 110 73 86 88 357 30.81
5 1.C528233.1 8933 9601 5869 5499 29902 18.39
6 LC529905.1 8954 9596 5864 5489 29903 18.35
7 LC534418.1 §931 9595 5861 5491 29878 18.37
8 LC534419.1 §932 9590 5860 5492 29874 18.38
9 LR757995.1 §932 9589 5861 5490 29872 18.37
10 | LR757996.1 8933 9586 5861 5488 29868 18.37
11 | LR757998.1 §937 9584 5859 5486 29866 18.36
12 | MN908947.3 8954 9594 5863 5492 29903 18.36
13 | MN938384.1 8909 9586 5859 5484 29838 18.37
MN938385.1 98 82 53 54 287 28.57 18.82
MN938386.1 98 82 53 54 287 28.57 18.82
MN938387.1 38 33 22 14 107 30.84 | 20.56
MN938388.1 38 33 22 14 107 30.84 | 20.56
MN938389.1 38 33 22 14 107 30.84 | 20.56
MN938390.1 38 33 79 14 107 30.84 | 20.56
20 | MN970003.1 79 99 57 55 290 27.24 19.66 | 18.97
21 | MN970004.1 79 99 57 55 290 27.24 19.66 | 18.97
[ MN975262.1 8942 9595 5863 5491 29891 18.37
| MN975263.1 98 82 53 54 287 28.57 18.82
| MN975264.1 98 82 53 54 287 28.57 18.82
~ | MN975265.1 98 82 53 54 287 28.57 18.82
MN975266.1 38 33 22 14 107 30.84 | 20.56
MN975267.1 38 33 22 14 107 30.84 | 20.56
MN975268.1 38 33 22 14 107 30.84 | 20.56
29 | MN985325.1 8933 9595 5863 5491 29882 18.38
30 | MN988668.1 8932 9594 5863 5492 29881 18.38
31 | MN988669.1 8932 9594 5863 5492 29881 18.38
32 | MN988713.1 8933 9591 5862 5488 29882 18.37
33 | MN994467.1 8933 9595 5861 5493 29882 18.38
34 | MT371574.1 8889 9561 5843 5463 29756 18.36
35 | MT372481.1 8961 9594 5857 5485 29898 18.35
36 | MT374105.1 8952 9595 5861 5492 29900 18.37
37 | MT374110.1 8952 9597 5863 5488 29900 18.35
38 | MT374112.1 8952 9601 5861 5487 29901 18.35
39 | MT374116.1 8954 9597 5861 5489 29901 18.36
40 | MT375457.1 8929 9559 5844 5456 29788 18.32
41 | MT375460.1 8912 9593 5859 5484 20848 18.37
42 | MT375481.1 8952 9598 5862 5487 29899 18.35
43 | MT375482.1 §949 9592 5858 5481 29880 18.34
44 | MT375483.1 8924 9599 5861 5487 29871 18.37
MT396247.1 8865 9538 5773 5421 29853 2970 | 31.95 | 19.34 | 18.16
MT429168.1 90 9% 67 70 323 27.86 | 29.72 | 20.74 | 21.67 |
47 | MT435084.1 8895 9573 5854 5474 29800 18.37
48 | MT435085.1 8896 9582 5852 5470 29800 18.36
49 | MT435086.1 8887 9565 5838 5469 29800 18.35
50 | MT439597.1 8747 9408 5760 5385 29303 18.38

The data has been color coded on the percentage nucleotide concenu'atlons of )

segregate the genomes into different classes.

The genomes have been segregated by coloring the SNO Column cells with th
The BRIGHT RED colored SNO cells do not come under any class according to
similarity in percentage nucleotide concentrations with other genomes or with each other.
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The classes can be defined as below and have been given a color corresponding to the class
defined by a colored band after the class number.

Class |: B e s o o i s g s R s

No. of No. of No. of No. of Length of
GENE BANKID | ;. ine | Thymine | Guanine | Cytosine | Nucleotides

LC523807.1 110 73 86 88 357
LC523809.1 110 73 86 88 357

5.1. The Graphical Representation of Class — 1 is shown in figure-1

35
30 [
23 t " pA
20 +—

i = pT
15 +—I|

i = pG
Hiy—4
ol

LC523807.1 LC523809.1

Figure 1 Representation of class -1

Class 2:
No. of No. of No. of No. of Length of
SNO! | GENEBANKID Aden‘i)ne Thymine Guanine | Cytosine Nnclgtides pA o PG e
5 LC528233.1 8933 9601 5869 5499 29902 18.39
6 LC529905.1 8954 9596 5864 5489 29903 18.35
7 LC534418.1 8931 9595 5861 5491 29878 18.37
8 LC534419.1 8932 9590 5860 5492 29874 18.38
9 LR757995.1 8932 9589 5861 5490 29872 18.37
10 LR757996.1 8933 9586 5861 5488 29868 18.37 |
11 LR757998.1 8937 9584 5859 5486 29866 18.36
12 MN908947.3 8954 9594 5863 5492 29903 18.36
13 MN938384.1 8909 9586 5859 5484 29838 18.37
22 MN975262.1 8942 9595 5863 5491 29891 18.37
29 MN985325.1 8933 9595 5863 5491 29882 18.38
30 MN988668.1 8932 9594 5863 5492 29881 18.38
31 MN988669.1 8932 9594 5863 5492 29881 18.38
32 MN988713.1 8933 9591 5862 5488 29882 18.37
33 MN994467.1 8933 9595 5861 5493 29882 18.38
34 MT371574.1 8889 9561 5843 5463 29756 18.36
35 MT372481.1 8961 9594 5857 5485 29898 18.35
36 MT374105.1 8952 9595 5861 5492 29900 18.37
37 MT374110.1 8952 9597 5863 5488 29900 18.35
38 MT374112.1 8952 9601 5861 5487 29901 18.35
39 MT374116.1 8954 9597 5861 5489 29901 18.36
40 MT375457.1 8929 9559 5844 5456 29788 18.32
41 MT375460.1 8912 9593 5859 5484 20848 18.37
42 MT375481.1 8952 9598 5862 5487 29899 18.35
43 MT375482.1 8949 9592 5858 5481 29880 18.34
44 MT375483.1 8924 9599 5861 5487 29871 | 18.37
47 MT435084.1 8895 9573 5854 5474 29800 l | 18.37
48 MT435085.1 8896 9582 5852 5470 29800 18.36
49 MT435086.1 8887 9565 5838 5469 29800 18.35
50 MT439597.1 8747 9408 5760 5385 29303 18.38
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5.2. The Graphical Representation of Class — 2 is shown in figure-2

35
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QLU ULeExxxrZ2ZzZZZ22Z2Z2ZZEEEEEEEEEEEEEEEE
-S4 Sdddd5SS5SSSSSS5S22223:22222222:2
Figure 2 Representation of class -2
Class 3:
No. of No. of No. of No. of Length of
SNO' | GENE BANKID Adenines | Thymine | Guanine | Cytosine | Nucleotides
MN938385.1 98 82 53 54 287
MN938386.1 98 82 53 54 287
MN975263.1 98 82 53 54 287
MN975264.1 98 82 53 54 287
MN975265.1 98 82 53 54 287

5.3. The Graphical Representation of Class — 3 is shown in figure - 3

40
35

30

25 -

20 -
15
10

Class 4:

No. of No. of No. of No. of Length of

B0 | GENEBANKID Adenine Thymine Guanine | Cytosine Nuclegoﬁdes
MN938387.1 38 33 22 14 107
MN938388.1 38 33 22 14 107
MN938389.1 38 33 22 14 107
MN938390.1 38 33 22 14 107
MN975266.1 38 33 22 14 107
MN975267.1 38 33 22 14 107
MN975268.1 38 33 22 14 107
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5.4. The Graphical Representation of Class — 4 is shown is figure -4

40
35
30
25
20 = pA
15
v pT
10 P
5 ®m pG
0
m pC
&
No. of No. of No. of No. of Length of
SNO | GENEBANKID | 4 e | Thymine | Guanime | Cytosine | Nucleotides | PA | PT [ PG | PC
0| MN970003.1 79 99 57 55 290 27.24 19.66 | 18.97
] MN970004.1 79 99 57 55 290 27.24 19.66 | 18.97

5.5. The Graphical Representation of Class — 5 is shown is figure -5
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Figure 5 Representation of class -5 ~

A
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NO STMILA RIT T E,S i e e e e o e st

The following genomes show no similarities in percentage nucleotide concentrations with
above classes or with each other. Therefore, they have been placed in a separate class.

No. of No. of No. of No. of Length of
SNO | GENEBANKID | ,4enine | Thymine | Guanine | Cytosine Nucleotides | PA | PT | G | pC
LC522350.1 60 52 35 35 182 28.57 [ 19.23 | 19.23
LC523808.1 79 73 86 88 357
MT396247.1 8865 9538 5773 5421 29853 29.70 | 31.95 | 19.34 [ 18.16
MT429168.1 90 96 67 70 323 27.86 | 29.72 | 20.74
http://www.iaeme.com/IJARET/index.asp editor@iaeme.com
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5.6. The Graphical Representation of No Similarities is shown is figure -6.

There is no similarity in percentage nucleotide concentrations for this class. The graph also
shows the dissimilar percentages of pA, pT, pG, pC for the specified four genomes.

WpA mpT WpG »pC

LC5223501  LCo238081 000000 MT3962471 2 MT420168.1

Figure 6 Representation of No Similarities in percentage nucleotide concentrations for 4 genomes

6. CONCLUSION

As a result of a systematic study of certain valid SARS-Corona virus data, we arrive at some
findings. The % nucleotide concentrations of the virus data under study are observed to be
varying within tolerable limits. This means that the viruses have similar kind of morphological
structures. The question that arises here is whether the functional behavior of these viruses
remains same or not. One cannot come to conclusions just by comparing similarity in
morphological structures alone. A detailed intra cellular study is required now to understand
the behavioral patterns of these viruses.
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Abstract: India being a nation of Mathematicians
like Srinivasa Ramanujam, Aryabhata, Shakuntala
Devi, and so forth is constantly celebrated for
worldwide numerical commitments throughout
time. In the current circumstance, math is a subject
that most understudies attempt to dodge because of
its extensive counts and complex definitions.
Numerous nations around the globe have done
several turns of events and developments for
mathematical calculations in the field of Chemistry,
Physics, Electronics, Computer Science, and so forth
with the assistance of cutting-edge Information
Communication Technology (ICT) apparatuses.
Indian mathematical subsystems also need to evolve
and upgrade to meet the global professional
competition from the grassroots level. There is a
genuine need to join ICT instruments for
mathematics in school and college education to have
a superior agreement. The joining of ICT
instruments can change the course of calculative
study to calculative upgrade which further prompts
higher concept understanding and perspective
development. This paper discusses the new
improvement in the field of advanced calculation and
how it is limiting the weight on understudies. As per
Prytherch (2000), "ICTs are networks that provide
new opportunities for teaching, learning, and
training through the delivery of digital content.
“Integration technology in education means giving
experiential learning to the students. Software tools
for calculation are utilized in the study hall for
improving intellectual capacity and abilities in
students especially to diminish computation stress
among them.

1. Introduction
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In the era of globalization, the education
society is going through many opportunities and
challenges. ICT integration in education was a role
changer for the teaching-learning process but
implementing it was a challenge as well. The trend
of the classroom has been shifted from teacher-
cantered to student-cantered and the teacher became
a guide, facilitator, blackboards turned into white-
board, SMARTBOARD, Artificial intelligence &
Virtual reality tools being used for imparting
knowledge.

Integrating ICT in  curriculum
encouraging the use of applications for Teaching —
Learning. (NCTM, 2000) (Is, 1998) National
Council of Teachers of Mathematics suggested that
using technology is part of teaching strategies.
NCTM states that” It is important for teachers and
students should have access to technologies that
support and advance mathematical sense-making,
reasoning, problem-solving, and communication.
Effective teachers optimize the potential of
technology to develop students' understanding,
stimulate their interest, and increase their
proficiency in mathematics. When teachers use
technology strategically, they can provide greater
access to mathematics for-atl=students” (NCTM,
2000).[1] o
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(Kilicman et al., 2010) Done a study on,
“Teaching and Learning Mathematics with tool”.
He had done the review on the recent Italian tools
used in Mathematics’teaching. He reviewed the
studies related to the software like: ‘The DGE:
Dynamic Geometry Software, The CAS: Computer
Algebra Systems, Spreadsheet for mathematic
knowledge. He concluded his study by saying that
only tools feature is not the parameter to decide the
integration of technology in the classroom also
features like classroom activity, interaction among
teachers and students & between the students are
also important.

(Barry, 2017) Have entitled his study
“Alleviating Math Anxiety through the Integration
of Technology in Elementary School” This study
discusses the strategies, outcome, and challenge in
integrating technology in Mathematics teaching on
primary school students. This study aims to answer
questions related to factors influencing technology-
integrated teaching strategies and student outcome
and engagement. As a sample two elementary
school was taken and data was collected through a
semi-structured  questionnaire. The research
concluded his study by saying teacher knowledge
and belief toward technology.

(Das, 2019) named his study " Role of ICT
for Better Mathematics Teaching” Study aim to
explore the aspect of technology integration in
mathematics teaching. The researcher has done a
document-based analytical study for drawing the
conclusion. He believed the role of mathematics is
not limited to the academic domain only. He
discusses the integration of ICT in Mathematics at
the teacher training level. This study mentioned the
drawbacks as poor infrastructure, teacher focus on
PowerPoint Presentation creativity rather than
content knowledge, Lack of technical skills in
teachers.

(Sevari, 2018) Entitled his study “The
effectiveness of mathematics software aided
learning tool with performance assessment on
student independence and student learning
outcomes” done to verify the effect of mathematical
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software on performance of students. This was an
experimental study done on the Mathematics
Education Department of FMIPA Undiksha, 49
integral calculus students were a sample for this
study. Result of this research shows those student
performances were higher who were using
mathematics  software-assisted  device in
comparison to a conventional learning tool.

3. ICT Tools for Teaching and Learning
Mathematics

Mathematics tools help students in concept
building to perform calculation-related problems,
which makes mathematics easier &
understandable.

Maple

* Maple

Figure.1 Logo of Maple

The tool is used for symbolic and numeric
calculation data analysis, visualization in
Mathematics. This serves only in 2d processing.
This tool open source and used for mathematics
and engineering has a mathematics library as
well. It is particularly useful for illustrating
interval algorithms in the field of validating
computing. Maple software is generally used for
college students. It contains almost 45 tutorial
which is used for teaching-leaning process for
undergraduate students. This tool contains
mathematics concepts related _to, calculus,

creation, interactive
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software needless programming in comparison to
other software.
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Mathematica

Figure.2 Logo of Mathematica

This software is constructed to solve
numerical and symbolic problems in
mathematics. This tool is generally used in the
field of engineering, Science, computing fields. It
provides excellent visualization in 2D and 3D.
Mathematica is developed by Wolfram Research
of Champaign, and he grants free access and
accounts on the latest version of the software.
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This tool can be used for self-learning with the
help of tutorials.
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MATLAB

Figure.3 Logo of MatLab

It is an interactive system which helps you in
solving complex computing problem, particularly
with matrix and vector difficulties. Toolboxes of
MatLab help you to learn and employ technology.
This software can be used to accomplish multiple
tasks related to Math and computation, Algorithm
development, ~ Modeling,  simulati
prototyping Data analysis, ~ explora

prgraphics

)

User Interface building. \
accessible for free.
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SciLab

Sci

Figure.4 Logo of Scilab

This is free and open software used for complex
calculations. It wuses scientific computing
techniques. Scilab has a separate module for image
processing. This software is most easy to use and
provides various techniques for numerical
calculation. A user can develop their module and
execute their specific problem. Previously Scilab
focused only on linear algebra but at present, it is
covering many topics related to scientific
computing. It provides a set of plotting functions
and graphic features. The Xcos setting provides a
hybrid dynamic systems modeler and simulator.
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GeoGebra

Figure.5 Logo of GeoGebra

GeoGebra is a tool that can be used for middle
school to college levels students for Mathematics
education. This tool contains all sections of
mathematic. One can perform all the calculations
related to geometry, algebra, spreadsheets,
graphing, statistics, and calculus in this tool. It is
free software where a student can explore
experiments with objects and parameters for
concept building in the mathematical curriculum.
GeoGebra provides bi-directional representations
of geometry and algebra. =~ 'F
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Winplot

Figure.6 Logo of Winplot

Winplot is a plotting utility for Microsoft
Windows, It can draw and animate mathematical
curves and surfaces presented in a variety of
formats. learners can drag and move their objects
without redoing the drawing. So that learners
have more time to think about the concept
building rather than spending time restructure the
drawing. Winplot can perform many procedures
on functions like generating graphs of cross-
sectional solid, detect trajectory on a slope,
calculating line and surface integral.
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4. Real-time Programming and Examples

Example 1 - Manual calculation vs. CAS

calculation

76956
38757
Find the determinant of a matrix A =|54687|.
12387
75315

This will take huge time manually and if we
calculated the answer still we need to verify it.

Software Used — Scilab

Just 2 lines of code can bring the answer in few
seconds.
~—>A=[76956;38757;54687;12387;75315]
-> det(A)
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Figure.7 Scilab
Example 2 — SIN 3D Plot

Plot 3D Plot of  SIN
It’s practically impossible to plot SIN 3D plot from
all direction and rotate it on paper manually. CAS
software can do it effortlessly.

function.

Software Used - MATLAB

Just 8 lines of code can bring the answer in few
seconds.

Program
a=0:0.01:1;
b=sin(2*pi*a);
c=b'*b;

surt(c)

xlabel("X AXIS")
ylabel("Y AXIS")
zlabel('Z AXIS")
title('SIN 3D PLOT")
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Figure.8 MatLab

Example 3 — Find the solution to the following
set of linear equations

2x-3y+4z=5
y+4z+x =10
-2z4+3x+4y =0

Software Used - MATLAB

Just 5 lines of code can bring the answer in few
seconds.

Program

Syms Xy z;

eql = "2*x-3*y+4*z=15'

eq2 ="y+4*z+x = 10

eq3 ="-2¥z+3*x+4*y = 0'

[x.,y,z] = solve(eql,eq2.eq3,X,y,z)

Command Window

>> syms x ¥ Z;
eqgl = TZEp=—Jkysaiz = 5b

eqgz = 'wy+dtz+x = 10° {
eg3 = 1-24z:3ix+44y = O {

[x,¥,2] = solve(eql,eq2,=q3,x, :‘
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Command Window

(@) New to MATLAB? Watch this Video, see Examples, or read Getting Started.

g

qt =

24x-3*y+d%z = 5

w

=]

(M)
I

y+dtz+x = 10

eq3 =

—-2*z+3 x+4%y = 0

165/74

Example 4 — Find the solution by plotting these
two equations and looking at their intersections.

expl ="y - 2*exp(x)'
exp2 ='y-3+x"2'

Software Used - MATLARB

Just 7 lines of code can bring the answer in few
seconds.

Program

expl ="y - 2*exp(x)’
exp2 ="y-3+x"2'
ezplot(expl)

hold on
ezplot(exp2)

hold off

1394
Copyright © Authors

MEda|h %

Published Online 18-Mar-2021

Command Window

"i" New to MATI AR? Warch thiz Vides see Fxamp es arread Getting Started.

>> expl = 'y - 2'exp X}’
axp2 = 'y-3+x"2°

azplot (axpl)

hcld on

ezplot (exp2)

held off

expl =

¥ - 2*=xp(x)

exp2 =

y=-34x"2

B>

Figue 1 = a %
Fle Fil Yew Dt Tade Deblon  Wiwhao  Felp ¥
O DW L@ 0K 20

v =D
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5. Significance

* Solve & explain math problems easily and
perfectly

e Solve any complex problems related to
Mathematics from any kind of complex

o Create an interactive & stress-free
environment for learning.

e Make learning experiential.
Enhance student cogniti of

students.
e Reduce fear and anxie
the mathematics curri

5. Conclusion

In traditional
mathematics calculations were taking longer time
taking process. After all the time when the
calculations give you the wrong output, it
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demotivates the students. The concept of
mathematics (formulas/theorem) was not easy to
recall. All these reasons were creating fear in
student's minds for mathematics. Integrating
Technology-enhanced learning in school has
created a hassle-free environment for students. The
implementation of these Computer Aided Software
can ease up the mathematical calculations for the
staffs and students from departments like Physics,
Chemistry, Mathematics, Computer Science,
Zoology, electronics and engineering domains as
well.
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Abstract

Technology makes the classroom active, interactive and student centred. Students learn
faster and easier than before because of the use of technology in the class room. Technology is
increasingly becoming popular and it is being exploited for teaching and learning all over the
world mostly because of its flexibility in terms of time, place and pace. While technology can
play an important role in supporting and enhancing language learning, the effectiveness of any
technological tool depends on the knowledge and expertise of the qualified language teacher
who manages and facilitates the language learning environment in the classroom. This paper
discusses the impact of using technology to improve the communication and soft skills of the
ESL learners. Computers and language teaching have walked hand in hand for a long time and
technology has contributed as a teaching tool in the language classroom. In language teaching
and learning, the teacher can choose from technology: Radio, TV, CD player, Computers, The
internet, Electronic Dictionary and so on. Hence, this paper also intends to make English
teachers aware of the strategies to use technology in the classroom in an effective manner.

Keywords:ESL learners, classroom, technology, communication, soft skills.

Introduction

Technology plays an important role in today’s human society development. Based on
this fact, it is indispensable to take advantage of the modern technological facilities in aiding
the task of English language education. Students trying to learn English as a second language
need further language support. They need to practice in hearing language. reading language,
speaking language, and writing language in order to develop their experience and skills (Ybarra
& Green, 2003). For doing such tasks, they are in need of using various tools which can help
them learn the language easily and effectively. Each technological tool has it ‘sp:@e;beneﬁts
and application with one of the four language parts (speaking, listening, réading, an 'tlvrmng)
However, in order to use these techniques successfully, the students sh ul be famlhar WIth
using computers and internet, and capable of interacting with these tech: fq\s\es The éffget of
technology has become huge in teaching and learning the language “u’adgiior
instructor's role. In other words, the role of the instructor together with —Tole of the
technology can lead to advanced learning results (Sharma, 2009)
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Review of literature on using Technology in Teaching, Learning Process

Technology is very much part of language learning throughout the world at all different
levels, The ICT Test Bed evaluation (Underwood 2006) provides evidence that many teachers
use ICT to support innovative pedagogy. It states: “New technologies that provide a good fit
with existing practices, such as interactive whiteboards are first to be embedded, but others like
video conferencing, digital video and virtual learning environments are now being
incorporated, providing evidence of on-going learning by the workforce. ICT allow for a higher
quality lessons through collaboration with teachers in planning and preparing resources
(Ofsted, 2002). Students learn new skills: analytical, including improvements in reading
comprehension (Lewin et al, 2000). ICT also develop some writing skills: spelling, grammar,
punctuation, editing and re-drafting (Lewin et al, 2000). Still new technologies encourage
independent and active learning, and students’ responsibility for their own learning (Passey,
1999) ICT proves that students who used educational technology felt more successful in school
they are more motivated to learn more and have increased self- confidence and self-esteem. It
is also confirmed that many students found learning in a technology-enhanced setting more
stimulating and much better than in a traditional classroom environment (Pedretti and Mayer-
Smith 1998).

Furthermore, it has been proved that technologies have many other benefits as given
below;The biggest reason for incorporating technology into education is the overall changes in
global communication. Technology opens doors to many more opportunities by linking the
world together. The olden days of limited options for education are long gone and all thanks to
technological advances. Students will not only have flexibility with online schooling but also
have access to more resources.

Virtual Community

A pivotal aspect of learning English is to how to communicate with others in a social
setting. Students presently have a virtual community of learners to discuss topics with, seek
advice, or gain leadership skills by helping others. Interactive whiteboards for instance, are a
simple but invaluable way for English learners to access helpful resources or lessons.
Instructors may include previous topics that are extremely important to progress to the next
level. In addition, Interactive whiteboards help a great deal to support an online education and
are a perfect example of how to incorporate technology and learning English.

Inspire Great Interest
Another benefit of mixing techno]ogy and learning Engllsh is fhe

in a number of ways. Lessons that include computer-based instruction, vis ;
technologically advanced materials help students achieve more in less time.
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Accessibility

Technology is certainly not beneficial only for education because just about everything
has become more accessible nowadays. But especially for learning English, having technical
assistance and more flexibility is the key to success. Traditional learning in a classroom is
extremely limited and can only be on-going as long as students are present. However,
technology and learning English has allowed students to use mobile phones or laptops for
example, to access require information anytime they need. This not only helps students to
absorb the material but also offers valuable practice on the proper ways to use tools of
technology.

Build Confidence for Success

Students often feel discouraged in a classroom setting because falling behind can be
embarrassing and discouraging. But with a course that incorporates technology and learning
English, students can learn with privacy and learn the vital skills of success. Technology
cannot be ignored even by English learners because all communication in social or business
networks use the internet in some form or another.
Importance of Soft Skills

Students prefer to blend technology and learning English because of the valuable skills
acquired throughout the lessons. Computer software and online tools help learners to absorb
the material much more easily and also hone language and soft skills that are useful their life
achievement. Soft skills like critical thinking, analyzing, and problem-solving — are crucial for
learning and attaining a job. Soft skills like self-awareness motivation, curiosity, teamwork,
grit, resilience and adaptability are very essential for the students to acquire to live in job
marketing world. An important feature of soft-skills is that the students will have the potential
to affect learning ability and job environment. Soft skills foster the development of cognitive
abilities that further boost learning (Cunha & Heckman, 2007).
Use of Technology in Reading and Writing

The most basic form of technology for reading and writing is that of word processing.
A study by Al-Harbi (2008) notes that “using technology has a positive impact on using the
Internet for ESL student reading and writing skills with a word processor, students build upon
natural connections between reading, writing and thinking” (2008, p. 29). This is the traditional
use of technology for the reading and writing strands, but there are other more developed and
modern uses for technology when teaching these two elements of English language learning. A
more recent study by Kasapoglu-Akyol (2010) attempted to discover the ways that educatlonal
technology tools could help to improve language and communication skills for ESL)é@;ar)s i
Michigan University, basing the study within the international student community// Fh¢ overa r\
results “of the study suggest that students are using technological tools in their céafrlz éj

lives for
many purposes, especially for their education. NG Ejg’
It also is seen that using educational technology tools that will help the studeﬁ‘tg‘i}g \__\;y

teachers to be more successful, efficient and practical people in their lives™ (2010, p. 225)His
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work also outlined the importance of using technology to develop reading and writing skills,
particularly if students of English were behind their class or required level. The study also
supports the use of word processing tools as a way of enabling students to develop their
reading and writing skills. He notes “word processors, including some that are bilingual, are an
excellent way to further writing development and motivate students to write” (2010, p.229).
This belief is strengthened by the research conducted by Peregoy and Boyle (2012). Their
study found that students were able to more appropriately learn English at a quicker and more
efficient rate using technology to aid their reading and writing skills. Their study found that the
use of the Internet (which uses English as its primary language, particularly for ESL sites),
helped to immerse students in the language far more than traditional classroom learning.
Through these beliefs, it is clear that the use of technology, through both word processing
programs, online bilingual dictionaries and the use of the Internet more generally, can aid
students in their learning.
Use of Technology in Speakmg and Listening

The development and diffusion of software for producing, uploading, downloadmg and
playing digital audio files (i.e., podcasts) make the flexible use of a wide range of audio
material easier than ever for language learners. Hegelheimer and O’Bryan (2009) conducted a
review of podcast resources and technologies for second language education, highlighting one
resource, ESLpod.com, which includes more than 500 free downloadable audio files, organized
by topic and developed especially for English language learners. Other premade podcasts are
available to promote academic listening skills, facilitate preparation for listening tests, provide
grammar tips or cover business English topics. As O’Bryan and Hegelheimer (2007) point out,
beyond providing listening material for in-class use, podcasts can be a repository of classroom
discussions or lectures for use outside of class to extend and amplify autonomous learning. The
argument exists that technology was being used in the ESL classroom prior to the advent of the
Internet, with rudimentary technology such as cassette tapes and CDs that enabled students to
hear native speakers of English, thereby improving their overall speaking and listening skills in
the ESL classroom (Zhao, 2005).

It is apparent that these technologies are still used to a certain extent and that the CD in
particular is still a fundamental and central feature of ESL learning. However, the literature
also acknowledges that more engaging and personal technological tools have been developed
to help students engage with their learning of English as a second language. A study by

improve speaking and listening including “online English language learnjfig:
computer assisted language learning programs, presentation software, electro g
chatting and email messaging programs, listening CD-players, and learning:,
(p.111). His study outlines a number of possible technological tools that can b\iﬂ §
develop English language ability, particularly within the speaking and hstenmg ¢ ements

There are other tools like video chat programs such as Skype that can link up ESL speakers
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with English native speakers, either in the same country or at an international level. These tools
underline that there has been a great development in the technology that can be used in the ESL
classroom.
Other tips to improve Communication Skills

Effective communication is one of the most important life skills we can learn—yet one
we don't usually put a lot of effort into. Communication is one of the most important skills we
can ever learn. It leads everything that we do—whether we’re communicating at work to meet
deadlines and achieve results, or communicating with friends, family and partners to build
strong relationships.
Some of essential tips to communicate effectively are given below;

e Bea Good Listener

Listening is an essential part of communication: not only does it help you to build

rapport with other people, it‘s also a way of demonstrating respect for others. When

people feel respected, it’s very easy to build long, happy relationships.

e Never talk over people
This demonstrates a real lack of respect. By talking over someone what we are basically
saying is “I don’t care what you’re saying—what I have to say is more important”.

e Don’t finish other people’s sentences
Research has shown by doing this we are dis-empowering the other person, so we need
to bite our tongue.

e Maintain eye contact.
By looking the other person in the eye, we are proving that you’re interested in what
they’re saying. This also looks at us and less distracted.
e Slow Down the Speaking Speed
Learners are often told not to worry about the mistakes they’re making, however, it is
* easy to understand why we would like to make a good impression on our audience. To
overcome this difficulty, we may try slowing down our speaking speed.

Technology in ESL Classes

In the 21% century, technology is everywhere. Especially the new generation is growing
up with technology and gets familiar with it. Computer technologies have dramati
the way people reach information, do research and communicate with peo
world. Because of this reason, schools and teachers need to be aware o
technological tools and skills to be able to catch the students’ attentions an
technology in classrooms also makes the lesson more efficient. To be able
language skills, like writing, reading, listening and speaking, English Ianguage""
computers, software programs to check their work and correct themselves, improve their
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language skills; use Internet, e-mails to search information, join in threats, publish their work,
read technology texts, communicate each other even worldwide.

Conclusion

. Rapid technological advancement increases the learning potentialities of the students.
And the use of technology would improve the learning and communication and soft skills of
the students to fit into a job marketing world. In order to meet the changing demands of the
industrial world, the learners have to acquire computer skills, communication skills and soft
skills. As an educationist, we need to create a learning environment for the students with latest
advancement in technology and life skills and this learning has to be continuous to win the job
marketing world.
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Abstract :In this Paper, we will study the Knapsack Problem whose solutions are obtained by using super-
Increasing Sequence with some basic number theory properties like fundamental theorem of arithmetic, modular
arithmetic, modular multiplication, congruence’s, Pair of relatively primes, Inverse modulo etc., with counter
example, for a given sequence the knapsack problem solution will be presented some types they are inspection
method, the ciphers describe based on transformed super-increasing sequences, the enciphering and deciphering
procedures of the knapsack cipher based on modular arithmetic and a multiplicative knapsack problem will be
solved by analytically.

Keywords — Super increasing sequence, fundamental theorem of arithmetic, modular arithmetic; modular
multiplication, pair of relatively primes, Inverse modulo, encipher and decipher

I. INTRODUCTION

The knapsack problem is a problem in combinatorial optimization: Given a set of items, each with a weight and a
value, determine the number of each item to include in a collection so that the total weight is less than or equal to a
given limit and the total value is as large as possible. It derives its name from the problem faced by someone who is
constrained by a fixed-size knapsack and must fill it with the most valuable items. The problem often arises in
resource allocation where the decision makers have to choose from a set of non-divisible projects or tasks under a
fixed budget or time constraint, respectively.

The knapsack problem has been studied for more than a century, with early works dating as far back as 1897[1].The
name "knapsack problem" dates back to the early works of the mathematician Tobias Dantzig (1884-1956) [2], and
refers to the common place problem of packing the most valuable or useful items without overloading the
luggage.Publickey cryptography was invented by Whitfield diffie, Martin Hellman and Ralph Merkle in 1970 [3, 4].
The cipher system was invented by Merkle and Hellman [4], Shamir [4,6] has shown that knapsack ciphers are not
satisfactory for public-key cryptography, A method for obtaining digital signatures and public-key cryptosystems
invented by R. L. Rivest, A. Shamir, and L. M. Adleman [5],Shamir investigated how to share secret[6],

II. GENERAL METHOD/INSPECTION METHOD

Given a set of positive integers A}y, g a, and a Sum S of a subset of these integers, the knapsack problem

asks which of these integers add together to give S. Another way to phrase the knapsack problem is to ask for the
values of Xps X s Xg e x,, each either 0 or 1, such that

8= apx; +ayXy Fagxy o +apxy, (1)
Example: Let all subsets of the integers (al,a2 »l3,0y,05, g, a7)— (2,3,4,7,11,13,16) that have 18 as thelr sum.

we see that there are four subsets of these six integers that add together to give 18 namely 24-16 = 18; 7+11 = 18,
3+4+11 =18 and 2+3+13 = 18. [/
Equivalently, there are exactly four solutions to the equation [

2,tl + 3x2 + 4x3 + 7x4 +1 1x5 + 13x6 + 16.\'7 =18 With x; = 0 orl fori=1,2,34,5,6.7.
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namely

X=xp=lLxy=x3 =Xy =X =xg =0

Xy = Xg =1,Jcl =Xy =Xy =X =Xg =0

Xy=xg=Xg=Lx =xy =x =273 =0

X=Xy =xg=Lx =1=0

To verify equation (1) hold, whether each x; is either 0 or 1, requires that we perform at most n additions. On the
other hand, to search by trial and error solutions of equation (1), may require that we check all 2" possibilities for

(xl,xz,x3,........xn ).

n
The best method known for finding a solution of the knapsack problem requires O(2?) bit operations by using
recurrence relation solving, which makes a computer solution of general knapsack problem extremely infeasible
even n=100.Certain values of the integers @)y, 0z, .y make the solution of the knapsack problem much

easier than the solution in the general case or inspection method.

For the instance if aj = 2"_1 to find the solution of § = @ X +ayXy +a3Xy +on. +ay,x, where x = 0 orl fori

=1, 2, 3, 4......n, simply requires that we find the binary expression of S. We can also produce easy knapsack
problems by choosing the integers @, a,, 0y, ....... a, so that the sum of the first ( j-1) of these integers is always

less than the j™ integer i.e., so that

Jj-1
'Zl a <a;j j=12,3,..n
=

If a sequence of integers 1,085,835 a,, satisfies this inequality we call the sequence Super Increasing
IILSUPER INCREASING SEQUENCE METHOD
1. Definition of Super increasing sequence:

The sequence 1,0y, A3yl is super increasing if it satisfies the following inequality

ay > 01,03 >0y +a1,0y > a3+ 0y + 8o ap >a, (+a, o+..taytayta. then corresponding x value

is 0 otherwise 1.

By Super increasing sequence method:
Example: Let us find the integers (al,az,a3,a4,a5,a6,a7) =(2,3,4,7,11,13,16) that have 18 as their sum.

First, we note that since 2+3+4+7+11>18, a sum of integers from this set can only be less than 18 if the sum
contains the integers 18.

2x) +3xy +4x3 +Txy +11x5 + 13x6 +16x5 =18 with each x;=0 or 1, we must have x;=1 and
?.xl +3X2 +4x3+7x4 +11x5+13x6 =2 since  13>2, Xg =0.

Since 2x; +3xy +4xy +7xy +11x5 =2 since  11>2, x5=0 P

Since 2x1 +3Jc2 +4x3 +7x4 =2 since 7>2, Xy = 0

Since 2x1 + 3x2 + 4x3 =3 since  4>2, Xy = 0

Since 2x; +3.t2 =2 since  3>2, Xy = 0
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Since 2x1 =2 obviously we have X = I
Therefore the solution is 18 =2 + 16.

In general to solve the knapsack problems for super increasing sequence a;,a,,daz,........ a, i.e., to find the values

of X| s Xy Xg s isene Xy with § = a x| +ayXy +agxy +...... +ay,x, and X, =0 or 1 fori=1,23,....... n. when S is

given, we use the following algorithm

2. Algorithm:

Step: 1

First find X, by noting that

1:if"S2a,"
Xy =
0:ff"S<a,"

Step: 2
Thenfind X, 5%, sasevevm i X, in succession using the equations
LS - 3
AS = xa; za."
i=j+1 P
T e for j=n-1,n-2 1
Z X:a.=S ] ’ 3 terserenares .
j=1 JJ

3. Working Procedure of the Algorithm:

n n n
First note that if x, =0 when § = a,,, then _Z,l xa; S 'Zl a; <ap < S contradicting the condition Zl xjaj =5
I=. = J=
n
Similarlyif x.=0 when S— ¥ x:.a;2a. then
J i=jH Pt
x:a: < X+ x:a:<a:+ x:a: <8
= A gttt it
Which is again contradiction using this algorithm knapsack problems based on super-increasing sequence can be
solved extremely quickly.

IV.THE CIPHERS THAT WE DESCRIBE HERE ARE BASED ON TRANSFORMED SUPER-
INCREASING SEQUENCES:

This cipher system was introduced by Merkle and Hellman and was considered a good choice Key cypher system.

1. Procedure:
Stepl: Let ay a az ay dsdg ....d, be super-Increasing Sequence

Step2: Let m be a positive integer with m > 2a,,
Step3: Let w be an integer relatively prime to m with W modulo m

Step4: Form the sequence bl ; b2= b3 SR bn where b = wa (modm) and 0 < b < m.
J J J

StepS: We cannot use a special technique to solve a knapsack problem of the type
m

§=1X b;x; Where S is a positive integer, since the sequence by.by. by, ....... b, is not su
i=1
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m m
However when w is known we can find ws = - y_vbz.xi =X a;x; (mod m)
i=l1 i=1

n

Since ij = aj (mod m) form above equation we see that § = X a;x; Where SO is the least positive
i=l

residue of Ws modulo m

n

Step6: We can easily solve the equation § = b bixr' Since b, = wa (modm) and 0 £ b < m.
i=1 J d

2. Example problem1:

The super Increasing sequence (a1 i ) =(3,5,9,20,44)

3 55 45
Now to find the m value based on the condition m1 > 2&n then m > 88 , let us take m=89.

Let us the value of w which is relatively prime to m that is w = 67,since (67,89) = 1

Now to find the sequence (bl’bz'b’j’bzl’bj) based on the bj = waj(mod m),0 < bj <m

bj = 67aj (mod 89)

j=1b

n

67(3)(mod 89) = 201(mod 89) = by =123
J=2,by = 67(5)(mod 89) = 335(mod 89) = b, = 68
j= 3,b3 = 67(9)(mod 89) = 603(mod 89) = b3 =69
Jj=4,by = 67(20)(mod 89) = 1340(mod 89) = by =5

Ji= 5,b5 = 67(44)(mod 89) = 2948(mod 89) = b5 =11

f =
The sequence o (bl’bz’bfi’bdt’bs) (23, 68, 69, 5,11)

Now to find W based on the formula ww = 1(mod m)

ww = l(mod m) = 67(4) = I(mod 89) =.. w=4

To solve the knapsack problem 233:I + 68x2 + 69x3 + 5x4 + llx5 =84
We can multiply both sides of this equation by 4 an inverse 67 modulo 89.

23D4x1 + 68D4x2 + 69D4x3 + 5:4);4 + 11:4x5 = 8474 mod ulo89
92):l + 272x2 + 276)(3 + 2014 + 44.r5 = 336 mod ulo89

?sxI + 5x2 + 9):3 + 20x4 + 4-4)(5 =69

The solution of this easy knapsack problem is that x2 = x4 = x5 = Lk =

Hence the original problem has its solution is that 68+5+11=84.
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3. Example problem2:

Find the sequence obtained from the super-increasing sequence (1,3, 5,10,20,41,80) when modular
multiplication is applied with multiplier w : 17 and modulus m : 162.
Solution: The given super Increasing sequence

(al,az,a3,a4,a5,a6,a7)=(1,3,5,10,20,41,80) and w=17 , modulo m=162. Now to find the

sequence (.bl : b2 p b3 . b4 1 b5 : b6 A b7 ) based on the formula bj = waj (mod m),0 < bj <m

i=1L= bl =17 x 1(mod 162) = 17(mod 162) = b] =7

I
I

ji=2,=> b2 =17 x 3(mod 162) = 51(mod 162) = b2 =51

I
I

ji=3,=> b3 =17 x 5(mod 162) = 85(mod 162) = b3 =85

| =4, b
J = 4

n

17 x 10(mod 162) = 170(mod 162) = b4 =8

j=5,=>b
J = 5

n

17 x 20(mod 162) = 340(mod 162) = b5 =16

j=6=> b6 =17 x 41(mod 162) = 697 (mod 162) = bG =49

n

ji=1.= b7 17 x 80(mod 162) = 1360(mod 162) = bl =64

The sequence of (bl,bz,b3,b4,b5,b6,b7) =(17,51,85,8,16, 49, 64)

Now to find W based on the formula ww = 1(mod m)

wiw = 1(mod m) = 17(143) = 1(mod 89) =.. w = 143

To solve the knapsack problem, we can multiply both sides of this equation by 143 an inverse 17 modulo 162

17 x 143x1 +51x 143x2 + 85 X 143;:3 + 8 x 143.1:4 +16 X 143;:5 + 49 x 143x6 + 64 X 143;{_'7 =153 x 143
2 2 =
2431x1 + 7 93x2 +1 155x3 + 1144x4 + 2288x5 + 7007x6 + 9152X7 21879 mod 162

xl + 3x2 + 5x3 + 10,754 + 20x5 + 41x6 - 80x7 =9

The solution of this easy knapsack problem is that x; = x, = x3=Lxy=x5 =x5 =27 = 0
Hence the original solution is 17+51+85=153

V.THE ENCIPHERING AND DECIPHERING PROCEDURES OF THE KNAPSACK CIPHER BASED
ON MODULAR ARITHMETIC:
Stepl: Each Individual choose a super increasing sequence of positive integers of specific length N.
Aps 8y, 03,04 . apy as well as modulus m with condition m > 2ay and multiplier w with (m,w) = 1.

Step2: The transformed sequence bl i b2 s b3 " b4 s bS ; .....bN when bj = waj (mod m),0 < bj < m,forj=1, 2, 3,

r T N is made public.

Step3: When someone wishes to send a message P to this individual the message is first translated into a string of
0’s and 1’s using binary equivalence letters as shown below table.

http://bulletinmonumental.conv/
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letter binary equivalent letter binary equivalent
A 00000 N 01101
B 00001 0 01110
C 00010 P 01111
D 00011 Q 10000
E 00100 R 10001
F 00101 S 10010
G 00110 i 10011
H 00111 U 10100
I 01000 ) 10101
J 01001 W 10110
K 01010 X 10111
L 01011 Y 1 1000
M 01100 Z 11001

Step4:This string of zero’s and one’s is next split into segments of length N.if not, we can simply fill out the last

block with all 1's.For each block ,a sum is computed using the sequence by,by.b3. by, b5 +-w-b gy 5 for instance of

the block Xps Xg s XXy ;given § = blxl + b2x2 i + bN x p, -Finally the sum generated by each block
form the cipher message.
Step5:We note that the decipher text generated by knapsack cipher without knowledge of m and w require that a
group of hard knapsack problems of the form § = byx| + byxy + ... + by xp be solved on the other hand,
when m and w are known the knapsack problem(S) can be transformed into an Easy knapsack problem.

w.S' = wb]xl + wbzrz ...... + waxN
Since __

wS = agx| +ayXy +o tayxy (mod m)

where wbj = aj (mod m) , w is an inverse of w modulo m,so that SO = alxl + a2x2 + a3x3 + o + aNxN

Where SO is the least positive integer residue of wS(mod m) ,we have equality (SO ),Since both sides of the

equation are positive integers less than m which are congruent modulo m

1. Example the enciphering and deciphering procedure of knapsack cipher with an super-Increasing
sequence:

We start with the super Increasing sequence

(al,az.a3,a4,a5,a6,a7,ag,ag,alo) =(2,11,14,29, 58,119, 241, 480, 959,1917)

Take the value of m based on the condition m > ZaN =2x1917 = 3834

Let us take m = 3837 as the enciphering modulus, so that m > ZaN and w = 1001 as the multiplier, so that (m,w) =

1 to transform the super increasing sequence into the sequence
(2x1001,11x 1001, 14 x 1001, 29 x 1001, 58 x 1001, 119 x 1001, 241 x 1001, 480 x 1001, 959 dmx [001)

(2002,11011, 14014, 29029, 58058,119119, 241241, 480480, 959959,1918917)

After performing modulo 3837, we get the below sequence, i.e., the public key is
(2002, 3337, 2503, 2170, 503, 172, 3347, 855, 709, 417)

and the private key is (2,11,14,29,58,119, 241, 480,959,1917)
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The sender sends the message as follows:

To encipher the message “REPLY IMMEDIATELY”

First translate the letters of the message into their five digits binary equivalence in above table and group these
digits into blocks of ten, to obtain the following

1000100100 0111101011 1100001000 0110001100 0010000011 0100000000 1001100100
0101111000

For each block of ten binary digits, we form a sum by adding together the approximate terms of the sequence
(2002, 3337, 2503, 2170, 503, 172, 3347, 855, 709, 417)

In the slots corresponding to positions of the block containing a digit equal to ‘1’ this gives us

3360, 12986, 8686, 10042, 3629, 3337, 5530, 9529

Now the receivers decode the message as follows:

To decipher, we find the least positive residue modulo 3837 of 23 times each sum23 is an inverse of 1001 modulo
3837 and then solve the corresponding easy knapsack problem with respect to the original super increasing sequence
(2,11,14, 29, 58,119, 241, 480, 959,1917)

For deciphering the above block as follows

3360 x 23 = 540(mod 3837)

12986 x 23 = 3229(mod 3837)
8686 x 23 = 254(mod 3837)
10042 x 23 = 746(mod 3837)
3629 x 23 = 2890(mod 3837)
3337 x 23 = 11(mod 3837)
5530 x 23 = 569(mod 3837)

9529 % 23 = 458(mod 3837)

The decoded message is (540, 3229, 254, 746, 2890, 11, 569, 458)
Its equivalent binary decoded message is:

540 = 2+58+480 = 1000100100 =RE

3229 = 11+14+429+58+241+959+1917 =PL

254 =2+11+241 = 1100001000 = YI

746 = 11+14+241+480 = 0110001100 = MM

2890 = 14+959+1917 = 0010000011 =ED

11=11 = 0100000000 = IA _
569 = 2+29+58+480 = 1001100100 = TE = T
458 = 11+29+58+119+241 = 0101111000 =LY S
The decoded message is: REPLY IMM EDIATELY.

2. Example: ": :“ . : i

Encipher the message BUY NOW using the knapsack cipher based on the seq‘uénc&gbtamed t‘rorﬁ the super-
increasing sequence (17, 19, 37, 81,160), by performing modular multlplicatmrqvlj;h multipher w = 29 and
modulus: m=331. S S

Sol: Given super Increasing sequence (a1 2@y, 0a3,0a,,dg ) =(17,19,37.81,160)
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and w = 29 and m = 331, here (m,w) = 1,so transfer the super increasing sequence into the sequence
(29 x 17,29 x 19,29 x 37, 29 x 81,29 x 160)

(493, 551,1073, 2349, 4640) mod(331)

(162, 220, 80,32, 6)
The public key is: (162.220, 80, 32, 6) and Private Key is: (17, 19, 37, 81,160)

The sender sends the message as follows:

To encipher the message “BUY NOW”

First translate the letters of the message into their five digits binary equivalence in above table and group these
digits into blocks of five, to obtain the following

00001 10100 11000 01101 01110 10110

For each block of ten binary digits, we form a sum by adding together the approximate terms of the sequence. In the
slots corresponding to positions of the block containing a digit equal to ‘1’ this gives us

(6,242,382,306,332,274) mod (331)

(6,242, 51, 306, 1,274)

Now the receivers decode the message as follows:

To decipher, we find the least positive integer residue modulo 331, of 137 times sum 137 is an inverse of 29 modulo
331

ie., ww = 1mod(331) = 29w = 1mod(331) = w = 137
and then solve corresponding easy knapsack problem with respect to the original super increasing Sequence

For deciphering the above block as follows
6 % 137 = 160 mod(331) = 160

242 x 137 = 54 mod(331) = 54
51 %137 = 36 mod(331) = 36
306 x 137 = 216 mod(331) = 216
1% 137 = 137 mod(331) = 137

274 x 137 = 135 mod(331) = 135

The decoded message is : ( 160,54,36,216,137,135)
Its equivalent binary decoded message is:

160 = 160 = 00001 =B

54=17+37=10100=U
36=17+19=11000=Y

216 =19 +37 +160=01101 =N

137 =19+37+81=01110=0
135=17+37+81=10110=W

The decoded message is: BUY NOW
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VI.A SEQUENCE OF PAIRS OF RELATIVELY PRIME INTEGERS BY USING MODULAR

MULTIPLICATION

There are several possibilities for altering this cipher system to avoid the weakness found by Shamir. One such
possibility is to choose a sequence of pairs of relatively prime
integers ( Wy g J; (w2 )My ), (w3 » M3 | 4 W, m, ) and then form the series of sequences

n
bj =wa; (mod m; )

(2) (1)
bj = ‘“2‘-";' (mod mz)

(3) (2)
bj = w3bj (mod m3)

(r) (r-1)
bj = Wrbj (mod mr)

) (r)y (r) (r) - ,

forj=1,2, .., n. We then use the final sequence (&) ,by ... b, ) as the enciphering sequence. Involving

sequences obtained by iterating modular multiplications with different moduli (although there are several
promising methods for the production of such algorithms)

Example: Find the sequence obtained by applying successively the modular multiplications with
multipliers and moduli (7,92), (11,95), and (6,101), respectively, on the super-increasing sequence

(3,4,8,17,33,67)
1
bl( ) = wlal(mod ml) = 7 * 3(mod 92) = 21(mod 92)
(2) (1)
bl = w2b1 (mod mz) = 11 * 21(mod 95) = 41(mod 95)
(3) (2)
b = w3b1 (mod m3) = 6 * 41(mod 101) = 44(mod 101)
3
bl( ) =44
(1)

b2 = wlaz(mod ml) = 7 # 4(mod 92) = 28(mod 92)

(2) (1
b, = w2b2 (mod mz) = 11 # 28(mod 95) = 23(mod 95)

@ _ @ 3 )
b2 = w3b2 (mod m3) = 6 * 23(mod 101) = 37(mod 101)
(3) :
b2 =37 !.‘
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1
bg ) = w1a3 (mod ml) = 7 % 8(mod 92) = 56(mod 92)

(2) 1)

b3 = w2b3 (mod m2) = 11 * 56(mod 95) = 46(mod 95)
(3) (2)
b3 = w3b3 (mod m3) = 6 % 46(mod 101) = 74(mod 101)
(3)
b3 =74

b4 = wla4 (mod ml) = 7% 17(mod 92) = 27(mod 92)

(D
by = w2b4 (mod m2) = 11 % 27(mod 95) = 12(mod 95)
2 b(z) d = 6 % 12(mod 101) = 72(mod 101
b4 =w34 (mo m3)= % 12(mod 101) = 72(mo )
(3)
nby =72

b5 = wla5 (mod ml) = 7 % 33(mod 92) = 47(mod 92)

1
= WZb; )(mod mz) =11 * 47(mod 95) = 42(mod 95)

il
w
mn

2
bS = w3b§ )(mod m3) = 6 # 42(mod 101) = 50(mod 101)
. b5 =350
b6 = wla6 (mod ml) = 7% 67(mod 92) = 9(mod 92)

1
bg = wzbé )(mod mz) = 11 * 9(mod 95) = 4(mod 95)

(3)- b(Z) d = 6% 4(mod 101) = 24

b6 =w36 (mo m3): # 4(mo 1) = 24(mod 101)
(3)

b6 =24

3 3 3 3 3 3
The final encipher sequenceis:(bl( ),bé ),bé ),bi ),b; ),bé )) = (44,37,74,72,50, 24)

VILMULTIPLICATIVE KNAPSACK PROBLEM

A multiplicative knapsack problem is a problem of the following type: Given positive integers

a .a and a positive integer P, find the subset, or subsets; of these:integers with product P,
-8 el »

1,82,a3,a4,a5,......... ce
. ¥ xl x2 X3 % 2 i

or equivalently, find all solutions of P, P = al a2 a3 ...... a
n
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Where xj = Qorl, for, j =1,2,3,....n

Examples Problems
1. Find all products of subsets of the integers 2,3,5,6, and 10 equal to 60

Solution:
60 can be expressed as product of primes as follows

1 01 1 0
60=2 @3 B 06 M0 =200 =60
.. The possible subset is (2,5,6)

0 0 0 1 1
60=2 @3 5 b 00 =600 =60
.. The possible subset is (6,10)

1 1 0 0 1
60=2 @[5 06 M0 =2M00 =60
.. The possible subset is (2,3,10)
The required possible subsets are: (2,5,6), (6,10), (2,3,10)

2. Find all products of subsets of the integers 8, 13,17,21,95,121 equal to 15960
Solution:

1.0 0 1 1 0
15960 = 8 (13 117 [121 95 1121 = 82101 = 15960
The required possible subset is: (8,21,91).

VIII. CONCLUSION

Knapsack encryption provides a good approach to creating public and private keys, where there private key is easy
to use, while the public key is difficult to compute. The method was outlined by Ralph Merkle in his search for a
trap door function [13], but the glory of the sustainable trap door went to RSA, and soon cracks began to show when

Adi Shamir [4] published methods to crack it.

Knapsack problems appear in real-world decision-making processes in a wide variety of fields, such as finding the
least wasteful way to cut raw materials, selection of investments and portfolios, selection of assets for asset-backed
securitization, and generating keys for the Merkle—Hellman and other knapsack cryptosystems.

One early application of knapsack algorithms was in the construction and scoring of tests in which the test-takers
have a choice as to which questions they answer. For small examples, it is a fairly simple process to provide the test-
takers with such a choice. For example, if an exam contains 12 questions each worth 10 points, the test-taker need
only answer 10 questions to achieve a maximum possible score of 100 points. However, on tests with a
heterogeneous distribution of point values, it is more difficult to provide choices. Feuerman and Weiss proposed a
system in which students are given a heterogeneous test with a total of 125 possible points. The students are asked to
answer all of the questions to the best of their abilities. Of the possible subsets of problems whose total point values
add up to 100, a knapsack algorithm would determine which subset gives each student the highest possible score.
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ABSTRACT

The present investigation focused on water samples collected from different places in
Srikakulam District and analyzed for various physicochemical parameters. Such as water
Temperature, Turbidity, Total Dissolved Solids, pH, Dissolved Oxygen, Free Carbon dioxide
and Total Hardness, Chlorides, Alkalinity, Phosphate and Nitrates were analyzed for a period
of two years from pre and post monsoon 2019 to 2020. All the Parameters were within the
permissible limits. The results indicate that the samples were Non-polluted and can be used

for Domestic, Irrigation and Fisheries.

Key Words: Physico-Chemical Parameters, Temperature, Turbidity, Total Dissolved Solids,
Dissolved Oxygen, Free Carbon dioxide, Total Hardness, Chlorides, Alkalinity

INTRODUCTION:
Ground water has long been considered as one of the purest forms of water available in nature
and meets the overall demand of rural and semi-urban people (Fienen and Arshad, (2016)).

Large scale industrial growth has caused serious concern regarding the susceptibility of
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ground water contamination due to waste materials (Peiyue Li, Karunanidhi, and
Subramani, et al., 2021). Waste materials at the factories when subjected to reaction with
percolating rain water and reach the aquifer system and hence degrade the ground water
quality (Navarro Ferronato and Vincenzo Torretta, (2019), Richard Espinoza. (2020)). Heavy
metals constitute a very heterogenous group of elements widely varied in their chemical
properties and biological functions (Vhahangwele Masindi and Khathutshelo Muedi, (2018)).
They are persistant in nature, therefore get accumulated in soil and plants (Mahima Begum et
al., 2021). Dietary intake of many heavy metals through consumption of plants and drinking
water has long term detrimental effect on human health (Obasi and Akudinobi (2020)). The
transmission of water borne disease has been a matter of concern for many years (Kumar,
Srivastava and Banerjee, (2022)). Hence bacteriological examination is also very important in

the assessment.

Water is one of the abundantly available substances in nature. It is an essential constituent of
all animal and vegetable matter and forms about 75% of the matter of earth’s crust (Nicholas
Le Pan; Bruno Venditti (2021)). It is also an essential ingredient of animal and plant life.
Water is distributed in nature in different forms such as rainwater, river water, spring water

and mineral water.

Man needs about 500 to 700 liters of water every day for domestic needs such as drinking,
cooking, washing, bathing, flushing toilets, besides recreational purposes, commercial
purposes, industrial needs and firefighting etc. At the same time water is a potential carrier of
pathogenic microorganisms which can endanger human health and life. Water that is free of
disease producing microorganisms and chemical substances deleterious to health is called
potable water. In this universe it is the only inorganic fluid with a relative density of unity
(EPA, United states Environmental protection Agency 2022). It is mainly because of this
magical substance the earth’s temperature is maintained reasonably uniform at an average of
16°C, in the absence of which its temperature would have varied as on moon where it is
100°C during daytime and -130°C during nights. Man can survive for five weeks without food
but cannot live more than 5 days without water (Tim Sharp and Doris Elin Urrutia (2022)).
75% of human body is water because of which only his/her specific gravity is about unity.
80% of milk, 87% of apples, 80% of fish, 77% of beef, 75% of pc;tatoes and 66% of eggs are
water (Sruthi M and Pallavi Suyog Uttekar (2021)). It is the only naturally occurring liquid
compound on the surface of earth and is called universal solvent. Though its universally

known chemical formula is H,O, it has an unusual property of expanding on freezing and has
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Normal range of water quality parameters according to the WHO: Table-1

Table-1.

Substances and characteristics | Acceptable Maximum
concentration Permissible unit

Colour 5 units 25 units

Odour Unobjectionable Unobjectionable

Taste Unobjectionable Unobjectionable

Turbidity 5 units 5 units

Dissolved solids 500 mg/L 1500 mg/L

Alkalinity 200 600 mg/L

pH range 7.0-8.5 -——

Total Hardness 300 mg/L 600 mg/L

Chloride 250 mg/L 1000 mg/L

Sulphate 200 mg/L 400 mg/L

Nitrate 20 mg/L 45 mg/L

DO 5.0  —

BOD 5.0 e

COD 100 |

Iron 0.1 mg/L 1.0 mg/L

Calcium 75.00 ---

Magnesium 30.00 -

Fluoride 1.00 ---

Electrical 2000.00 ---

Conductivity(EC)

Total dissolved 500.00 -

Solids(TDS)

Total Hardness as CaCO; 200 mg/L ---

Temperature and pH of water: Temperature of water samples taken at the time of collection
ware in the range of 24 to 26°C. The maximum permitted standard of drinking water is 25°C.
The pH value of water samples collected from well and bore well water were in the range of

7.34 to 8.61 reported for post monsoon 2019 samples.
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Total Dissolved Solids (TDS): The maximum TDS range for water was found to be 842
mg/L and minimum was 112 mg/L and maximum TDS for 5™ sample shown maximum levels
of 842 mg/L and minimum was with 8" sample shown 112 mg/L (Table 2) for post monsoon
2019 samples.
Electrical Conductivity: The conductivity of water samples has shown in the results tables in
both pre and post monsoon of 2019 to 2020. The results reveal that obtained value, the
maximum EC range found for 20" sample 1862 mg/L and minimum was 512 mg/L 54 sample
for post-monsoon 2019 samples.
Total Hardness: In the present investigation, maximum and minimum total hardness for
collected water samples had shown in the pre and post monsoon 2019 501mg/L and gradually
increased total hardness was reported and shown in post monsoon 2020 was 1200. The total
hardness of collected water samples of 2019 both pre and post monsoon in comparison with
post and pre monsoon 2020 were more. These high values may be due to the addition of
calcium and magnesium salts.
COD and BOD: Chemical Oxygen Demands (COD) and Biochemical Oxygen Demand
(BOD) i1s important parameters for oxygen required to degradation of organic matter.
Acceptable levels were reported.
Alkalinity: The alkalinity range set by WHO is 500mg/L. Our results showed that alkalinity
of given samples of both post and pre monsoon of 2019 and 2020 was not accordance with
standard data.
Chlorides and DO: Chloride found high value for both the water samples. In the 2019 pre
and post monsoon samples had shown 500 mg/L. It is reported that the higher value of
chloride is associated with increased level of pollution and reported as 1362 in the post
monsoon 2020. Dissolved oxygen is a most important aquatic parameter, whose existence is
essential to aquatic fauna. It plays an important role in life process of animals. In this study
DO values found 2.8 to 5.9 mg/L range found in the both the cases of pre and post monsoon
of 2019 and 2020 collected samples were shown.
CONCLUSION: From physical and chemical properties of water samples collected from
different places in Srikakulam District, Andhra Pradesh, India. Samples collected from in and
around of 20 stations of Srikakulam district were analysed for water quality and utilization
purpose both domestic and irrigation practice. The analysis reveals that the ground water of

the area needs some degree of treatment before consumption.
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Tables and Graphs

Post-monsoon-water analysis-2020

Table 1
SLNo [ pH | Conductivity| TDS | HCO; | TH
1 7.58 2690 441.6 | 550 1260
2 8.82 400 2688 100 660
3 9.14 350 3864 | 240 300
4 8.77 1060 1290 | 280 400
5 8.29 1580 809 440 1220
6 6.82 4200 2609 | 780 1060
7 8.78 1510 324 90 580
8 8.59 1908 2160 | 590 1460
9 8.77 2280 859 170 880
10 8.5 1210 1340 40 260
11 8.46 1450 2980 90 780
12 8.47 1420 268 330 860
13 8.17 1580 371 120 1140
14 8.94 2900 1016 | 250 1000
15 8.69 1850 144 180 420
16 8.14 1440 201 190 760
17 8.49 1580 371 420 860
18 7.95 2600 664 320 480
19 7.9 2009 280 490 180
20 7.44 1210 198 150 120
Table 2
SLNo Cl F NO; SO, Na K Ca Mg
1 150 0.44 25.38 128 42.64 5.16 72 29.45
2 710 0:53 33.21 192 657.6 12.2 168 131.3
3 260 0.66 20.18 156 109.9 52.6 180 48.62
4 290 0.99 16.84 156 108.1 [ 260.9 188 43.76
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5 240 0.89 19.85 194 98.65 11.9 104 63.21
6 710 0.81 42.84 122 657.6 12.2 168 1313
7 160 0.26 41.45 171 44.98 11.3 140 29.45
8 470 0.94 22,22 147 218 20.8 112 68.07
9 290 0.76 28.33 125 125.8 16.3 156 58.34
10 130 0.52 34.18 99 24.6 10.53 116 24.86
11 170 0.72 40.21 121 19.1 16.2 132 24.31
12 130 0.36 31.53 157 27.24 10.68 148 19.72
13 190 0.88 11:29 176 85.84 | 11.34 124 19.45
14 400 0.79 21 163 189.3 172.4 188 43.76
15 100 0.51 237 120 90.62 | 39.88 132 34.03
16 140 0.82 13.35 158 29.86 | 10.86 140 34.59
17 160 0.48 41.38 146 54.4 23.98 132 39.45
18 420 0.62 12.33 212 402.6 | 1788 164 53.48
19 400 0.6 47.56 197 208.6 140 138 260
20 140 0.57 30.18 110 28.16 | 10.94 124 39.72
Pre-Monsoon-water analysis-2020
Table 3
S.No. | pH | Conductivity| TDS | HCO3; (| TH
1 8.92 1100 784 290 80
2 8.96 1700 648 126 4.7
3 8.87 1600 184 280 340
4 8.85 1010 170 60 80
5 8.9 1350 424 100 240
6 8.99 1800 640 140 240
7 8.73 4200 2248 220 920
8 8.55 1500 860 280 320
9 8.61 550 260 120 140
10 8.19 2400 886 60 260
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11 8.51 800 156 180 280
12 8.06 700 412 40 220
13 7.98 3800 284 60 140
14 8.49 2400 996 110 240
15 7.98 300 284 60 100
16 8.77 700 584 70 140
17 8.65 930 167 140 251
18 8.52 2980 1228 | 220 120
19 8.64 2080 1980 130 280
20 8.93 520 505 160 220
Table 4
SLNo Cl F NO; SOy Na K Ca Mg
1 192.19 | 0.88 14.76 154 8.51 22 56 36
2 156.73 1 L17 45.64 120 20.4 0.76 74 13.6
3 156.73 | 0.41 2.836 110 25.83 0.9 52 324
4 114.18 | 1.03 13.06 110 5.05 4.12 58 22
5 12836 | 0.58 1.673 124 0.85 1.4 52 14.4
6 192.19 | 0.86 10.65 134 6 175 52 24.4
7 496.44 | 0.38 37.53 185 3.42 14.4 54 90
8 212.76 | 0.58 25.24 109 8.51 11.9 66 43.2
9 135.46 1.4 10.95 110 0.78 10.8 68 28
10 177.3 1.02 25:13 165 4.62 30.9 62 28
11 12837 | 0.45 20.25 17 8.44 1.94 82 324
12 142.55 | 0.31 13.7) 17 12.93 1.84 70 21.6
13 17092 | 10:13 11.53 18 15.58 0.66 68 25.2
14 177.3 0.41 8.873 159 972 3.5 52 324
15 199.29 | 1.02 14.18 126 17.91 9.22 56 20.8
16 13546 | 0.49 30.22 116 10 0.86 46 27.2
17 190 0.21 13:1 163 63.06 1.14 64 2431
18 354.6 0.25 10.43 117 9.11 114 66 46.8
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19 425.52 | 046 18.65 124 98.8 1.25 68 432
20 121.27 | 0.34 11.82 186 11.02 4 42 25.2
Post-Monsoon-water analysis-2019
Table 5
S.No.| pH | EC(ps/m) | TDS(mg/l) | HCO3;mg/1) | TH(mg/1)

1 | 855 794 607 250 60

2 | 845 745 476 10 20

3 1754 681 335 40 40

4 |8.02 330 111 60 20

5 |856 528 338 70 240

6 |8.69 1021 597 100 304

T | 819 830 931 170 200

8 |7.58 1023 254 104 240

9 |8.04 1320 544 10.028 200

10 |8.28 683 337 65 40

11 |8.04 696 345 40 80

12 | 8.08 722 262 0 120

13 |8.88 683 337 65 40

14 | 836 1559 698 80 480

15 |'8.33 739 673 53 80

16 |8.22 389 148 1.3 60

17 |8.09 439 180 70 390

18 | 7.89 2025 896 30 220

19 | 7.88| 1657 260 300 502

20 |7.89 1330 451 135 320

Table 6

SLNo Cl F NO; SOy Na K Ca Mg
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(mgl) | (mg/l) | (mg/) | (mgh) | (mgh) | (mgh) | (mgd) | (mgh)
1 1553 | 089 | 042 | 133 | 138 | 08 29 39
2 110 | 014 | 182 | 62 | 7396 | 12 28 176
3 147 | 079 | 168 | 129 | 31 %] 29 | 200
3 130 | 028 2 130 14 | 078 | 62 104
5 160 | 0.15 6 | 4582 | 69 | 039 | 59 | 224
6 100 | 038 | 384 | 104 | 7328 | 156 | 89.6 | 2584
7 154 | 089 | 116 | 62 87 35 45 160
g 434 | 038 | 18 | 139 | 135 | 12 45 | 200
9 122 | 067 | 182 | 249 | 188 | 27 39 168
10 76 13 | 128 | & | 48 | 136 | %@ 100
11 57 | 048 | 42 | 153 60 1.6 48 132
12 82 | 039 | 84 86 9% 73 74 96
13 76 | 136 | 128 | 768 | 48 | 156 | 64 100
14 130 | 049 | 17 182 | 110 | 35 112 | 368
15 102 | 066 | 34 | 144 | 116 | 25 58 72
16 70 | 042 | 56 57 21 | 039 | o4 136
17 136 | 081 | 364 | 57 21 10 28 | 252
18 | 500 | 025 | 602 | 110 | 215 | 160 | 44 | 280
19 170 | 0.16 | 18 5a | L | Bl 100 | 400
20 165 | 082 | 257 | 152 | 120 | 42 66 | 304
Pre-Monsoon-Water Analysis-2019
Table 7
S.No.| pH | EC(us/m)| TDS(mg/) e TH(mg/l)
(mg/1)

1 795 1649 943 216 | 222

2 | 774| 846 532 184 | 158

3 |891| 512 212 195 | 151

4 | 861| 1548 324 2362 | 155
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5§ |812 1284 642 164 560
6 | 849 948 431 221 158
T | 872 946 384 184 164
g8 | 814 1486 1000 198 228
9 | 8.27 948 528 221 294
10 | 7.99 647 284 184 154
11 | 829 1184 824 192 421
12 | 8.36 849 462 138 201
13 | 8.26 948 394 124 165
14 | 8.06 1346 955 286 201
Iy | 822 624 384 168 191
16 | 8.38 856 198 194 164
17 | 8.14 948 328 251 201
18 | 8.01 1238 884 196 164
19 | 8.34 946 489 301 184
20 | 8.61 1862 1262 234 194
Table 8
Cl F NO; SOy Na K Ca Mg
SLNo | (mg/l) | (mg/) | (mg/!) | (mg/h) | (mg/) | (mg/l) | (mg/M) | (mg/l)
1 165 0.14 32.16 138 206 38.16 28 101
2 195 0.42 7.52 131 51.02 2.64 42 123
3 112 0.48 8.12 141 801 8.46 21 21
+ 141 0.31 14.67 184 92 38 201 501
5 168 0.52 31.65 101 301.24 | 6.94 191 301
6 152 0.32 23.49 112 18.64 3.84 132 1176
7 127 0.41 9.84 158 91 72 41 84
8 238 0.26 16.84 194 213 34 58 184
9 109 0.43 8.26 159 56 32.54 39 98
10 143 0.26 24.62 154 21.34 6.84 121 154
11 306 0.32 16.84 158 201 464 132 182
12 169 0.21 58.02 124 74.62 | 12.84 84 112
13 176 0.23 32.08 112 42.54 | 32.57 62 89
14 186 0.12 51.04 181 124.61 26 121 154
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15 109.62 0.32 12.84 126 62.71 32 28 89
16 164 0.16 8.62 19 34.08 17.84 41 48
17 172 0.26 58.64 128 34.01 8.46 54 132
18 212 0.31 37.46 161 164.85 94.62 67 154
19 289 0.11 19.56 112 112 10.51 126 167
20 301 041 32.64 212 234 8.42 121 364
Post-Monsoon-2020-Water Analysis
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Post-Monsoon-2019-Water analysis
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ABSTRACT: Family comprises of many relations
like husband-wife, father-daughter, mother-son and
brother- sister. In all these relationships the relation
between husband and wife has always occupied a
central place. Love, faith and understandings are
the fundamental poles in the relationships. But the
role of woman is always determined by the male
society and ftreats secondary. Woman needs
identity. Present day woman fight for her identity,
freedom, discrimination and equality.

Women writers choose to focus their writings on
the experiences of woman in the society. Mainly
South Asian women writers write from almost
anywhere in the world, from all parts of Asia, from
USA., Canada, Australia, etc. Many of the diasporic
writers focused on the immigrant life of woman in
their new county. The themes of their fiction based
on race, culture, home, family back ground,
identity, loneliness, nationality and political status.
Thrity Umrigar is one such writer, who through her
writings shows how India and Indianess figures in
the diasporic writings from USA. She belongs to
twentieth century Indian born American novelist,
who contributed substantially to the diasporic
women writings. Her works deal with major
contemporary social issues like alienation,
nostalgia, exploitation, racism, cultural clashes,
discrimination, class deviation and poverty.

The present paper glances at one of her novels If
Today be Sweet(2007) and explores the way of the
female characters are represented. The prominence
of the paper on the “Exploration of Alienated Self”,
the protagonist experiences from different world
and struggles to cling in that culture in the alien
land. Tehmina, the protagonist of the novel suffers
from the pain of being far away from the home and
the memories of her mother land.

Key words: Diaspora, immigrant, alienated self
and culture.

INTRODUCTION

Thrity Umrigar is an Indian born
American novelist, journalist and critic. She was

born in Bombay, India, and moved to the USA at
the age of twenty-one. After received her M.A.
degree, she worked as a daily reporter for
seventeen years. Present she is working at Case
Western University. Her fiction powerfully
explored the human relationships, family, power
twists, poverty, identity, class difference, and life
of immigrants in America. Most of her novels have
diasporic elements. She has eight novels to her
credit. Her debut novel is Bombay Time published
in 2001, The Space between Us (2006), If Today be
Sweet (2007), The Weight of Heaven (2009), The
World we Found (2012), The Story Hour (2014),
Everybody’s Son (2017) The Secrets Between Us
(2018) and a memoir First Darling of the Morning
(2004).

Umrigar belongs to Parsi community,
proud to be a Parsi, she portrays her community,
customs and Zoroastrian life in the most of her
novels. Inher novelsBombay Time, The Space
between Us and If Today be Sweet, she depicts her
love for Bombay and most of the characters are
Parsis. Her fondness for Bombay and Parsi
community is similar to that of Rohinton Mistry. In
most of their novels they celebrated Bombay, the
city of their birth.

In the past few years many prominent
Indian women writers have made a mark not only
in the field of Indian English Literature but also in
the diasporic literature. The writers of diasporic
literature focused on the lives of immigrants,
problems faced in the alien land, rootlessness,
homelessness, identity, isolation and cultural clash.
Most of the writers expressed their personal
experiences faced in the ‘new country’ through the
characters of their works. Like Bharati -Mukherjee,
Chitra Banerji Divakaruni, Umrigar: belongs to the
genre of Indo- Amerlcaﬁ Literature. Her fictional
writings portray multf faqcts of Ind:an -women,
their plight, suffcrmgs!‘and domestic spacc }‘n the
site of contact and confllcts between tt;adltl and
modernity. T
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The present paper delineates how a
widowed woman as an individual undergoes her
psychological, and personal trauma which allows
them to strengthen her emotional chords there by to
stand up to the situation and audaciously accept the
challenges of her life in the novel If Today be
Sweet. It deals with these situations and analyzes
them that protagonist experienced, and will bring to
light the struggles, challenges. acceptance and
resistance to the American life.

If Today be Sweet is a story about an
Indian woman, who after her husband’s death she
moved to America where her only son settled with
his family. The protagonist Tehmina is, in a
dilemma whether to stay in America or in India.
She experienced different situations and suffered
lonely in the adopted land. It is hard to settle down
in America and give up her own country. If she
stays in America she has to change according to
circumstances. The rough pictures that Umrigar
draws of the sensitive moments which reflect the
psychological pain that comes with the changes of
culture and life that protagonist experienced. In her
words;

“To give up the city of one’s birth, old
friends whom you grew up with, an apartment that
you've decorated and cleaned and furnished, all
this is very hard....”(156)

Tehmina Vakail, the woman protagonist
of the novel, was born in Calcutta and the only
child of a doctor Hoshang Vakail. Through a
program at the school, she met Nilu, one of her
friends from Bombay. To attend Nilu’s birthday
party, she begged her father to go Bombay. She is
embarrassed with the feeling of unexpected
pleasure of freedom, for the first being away from
home and the thoughts of Bandra, where the movie
stars, and Juhu Beach. She thinks;

“I’'m in Bombay, she kept saying herself.
These are all Bombayites. Everything she’d ever
heard about Bombayites seemed true- these people
were more mature, more sophisticated, more
urbane than her crowd in Calcutta.” (111)

She met Rustom Sethna in Bombay, one
of common friends of Nilu, fell in love each other.
and convinced their families to get marry.
Eventually she moved to Bombay, the place she
loves more than Calcutta. Their only son Sorab, a
good, brave and courageous man, went to America
for higher education. He is married to Susan, an
American and settled there with her and their only
son Cookie. Tehmina and Rustom visits America
once a year in the Christmas vacation. The sudden
death of Rustom is a terrible blow in her life and it
changes her life a lot, her hope, and her identity.
After the incident she has to move America

unwillingly. Umrigar explores the life of an older
Parsi woman, who comes to America from India
and the analysis of widowed Tehmina how she tries
to fit into the new world, and tries to decide what
parts of her life she can retain.

This is a tender story of family, pain. love,
loss, and widowhood of Tehmina, a sixty-six-years
old Bombayite, with her loss and having to carve
out a new life for herself in a new country. The
dilemma that she faces whether to live in India with
the memories of her husband or in the USA, where
their only son settled. But she is unsure of what to
do with rest of her life in America, and if she
decides to live in Bombay, where everything is
familiar and reminds her the memories of her
husband, where they are around every corner of
their apartment and the city, which she loved more
than her birth place.

“In Bombay, I feel like a person- a person
whose life has meaning, whose life follows a path.”
(Umrigar 32)

In this miserable condition as a widow and
an immigrant she feels insecure, emotionally weak,
stressed, and depressed. The difficult days she had
followed her husband’s funeral and reeling with
grief and streaks of loneliness, has her reasonable
anxieties within a world that has many turns,
diversions challenges wager- like situations. She
has to adjust herself and due to continuous
emotional stress she loses her mental balance.
Going back to India and continuing her life there,
would feel at home with herself. But if she settled
in America, it would give her a chance of living
with her son and his family. Thuen asserts;

Widows reported lower levels of
psychological wellbeing than married. After the
death of spouse, her life becomes mismanaged and
therefore. she has more difficulty to cope with her
problems in such situation. In the social sphere, the
condition of widow is much worse in India than
what we see in many other countries. (Thuen 1997)

In this period of mourning over the loss of
a husband, the old memories are reawakening and
that leads to a re-evaluation of one’s life.
Moreover, the sphere of life may be shrinking and
need to establish new relationships to overcome
their loneliness and have to adjust.to the unfamiliar
surroundings. The changmg circumstances make a
person’s life and choiceés ultimately- shaped. Here,
the protagonist is faces two'types of problems, one
is the loss of husband and another one Is-ah nated
from motherland. The \process of decision making
becomes a Himalayan. task to hcr._ The great
distress she found herself a stranger) the new
environment. She is totally” eGnIns’éd’ to being an
Indian or American. She bestrides between two
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cultures India and America, straddling between two
worlds, familiar and alien, two ideologies, and two
ways of life.

This dislocation costs her cultural
isolation and social estrangement. This sense of
alienation perceived a state of rootlessness and
loneliness. These two variants of alienations are
related because they come from the same basic
condition of anomie. This situation doesn’t arise
merely in Tehmina’s life, it takes place when a
person stays in the alien land, as he feels that he is
a stranger and has to struggles a lot to overcome his
nostalgic feelings. Sometimes the migrants lose the
complete sense of belongingness and encounters
cultural differences and identity crisis. She thinks;

“And yet.... Bombay is my home. Here, I
am afraid that I will always be a stranger that T will
never get used to all these days..."(Umrigar 32)

The institution of marriage provides not
only the companion in the life but it also provides
psychological and emotional support. Rustom is a
man of boundless confidence and make people
happy around him. Due to his death Tehmina lose
the source of getting emotional support. In this
situation she becomes more isolated, feels alienated
and insecure. Her life is easy, painless and
unworried when she had her husband but in his
absence she feels that her life is aimless, concave
and sunken. Now she reminds Rustom; *“My
darling. Look how I am floundering without you.
Look how I can’t make the smallest decision
without you.” (Umrigar 91)

After Rustom’s demise, she moved to
America along with her son Sorab. Though it is not
her first visit to the USA, but it is her first visit
without her husband. Once, everything is familiar-
Sorab, Susan and Cookie and the house, but now it
is unfamiliar. She clearly felt the absence of her
husband. Sometimes they conveyed their
displeasure over her grief. She felt a pang of
remorse about their irritation whenshe mentioned
his name, it would be like breaking the social rule.
She wondered that he has been banned from their
live.

“Does everything in this country have an
expiration date? She wondered even grief and
mourning (Umrigar 130)

She getssolace only in the presence of her
grandson Cookie, but she often feels as an intruder
in her daughter-in-law’s home and perturbed by the
changes in her son Sorab, who is stressed from the
corporate rat race. Sometimes he yells at her using
foul language and his voice bitter and scary in its
frustration. Her loneliness floods with the
memories of her husband, community, her
traditional ways — she found no small amount of

purpose in America. In widows the fear and anxiety
was produced by being alone, isolation would be an
unbearable experience to them and sometimes
loneliness may lead to depression and loss of hope.
Besides the loss of Rustom’s company, memories
of her motherland and the loneliness in alien land
humiliated her. They provide her everything food,
shelter and clothing to fulfil their duty. But she
wants their love, care and attention. Because she is
in emotional need of love, care and respect of
family members rather than just getting enough
food, clothes and a place to live in. As a widow she
feels that she loses her status in the
family.Malkinson, Ruth, a reviewer of APA
PsycNET asserts;

“Widows found a greater lack of
emotional than instrumental support; people
attitudes and comments rather than their actions
were perceived as unhelpful and painful”.
(Malkinson, Ruth 1987)

Her life in India is entirely different from
America, as a mother, wife, and daughter-in-law
she fulfilled all her duties. She caressed her ill
mother-in-law and helped elderly people of her
neighborhood. She visits orphanages to serve poor
children, and open handedly welcomes Percy when
his mother died of cancer, whose father was
alcoholic and could not adequately take care of
him. Her life is busy with a blur of ringing
doorbells and raised voices of fisher woman,
newspaper boy, baker, and butcher all made her
morning busy. The chain of unexpected visitors
and relatives who dropped in without calling all
made her breathless. But her life is completely
contrasted, she is alone, unable to adjust in this new
host country, gradually she becomes the victim of
isolation, alienation, confusion and identity crisis.

She always wonders that how simple the
way of Americans’ life leading. Though they are
individualistic and dynamic but they think that life
is too much laughter and play. as the life in a Walt
Disney movie, forward looking, optimistic and
self-improvement but they are spending more
money on therapists and grief counselors. She
doesn’t know why they have to pay the therapists
to listen to them, because of the nuclear families,
no grandparents andaunt or uncle in the family, her
thoughts about Indian and American Jifes..

“Life is a BollyWOod melodramﬁ&full of
loss and sadness. And S0 everyone, ‘Tejects
Bollywood for Disney.” Even my Sd:"ab\' was
seduced by Disney hfc-\all this pursuit of'happ,‘mess
and pursuit of money, but-this year I ve‘ learhed a
new lesson. May be the lndlan way” is better after
all.” (32) :
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When Sorab decides to go to America for
higher education, Tehmina had thought that going
to America could broaden his horizons, would
make him stand on the shoulders of his parents and
see farther than they ever had. But instead the
inconsistent had happened. In a strange way, he
seemed to have shrunk and his world had
narrowed. She remembering the college days of her
son, the boy who had go upon the crowded,
thunderous streets of Bombay, who had catch a
train to college in the noisy crowds, who had eaten
and drunk from roadside booth, and who had
witnessed the whole human experience, the
millionaires, the lepers and slum colonies. But he
disappeared from the world what he had
experienced in Bombay. Such a boy, now he could
fence himself in a timid, clean. antiseptic world
where there was free from germs, bacteria as well
as passion and human misery. He is in a shell like a
snail. She humiliates and thinks about Sorab; “how
did he expect his sixty-six-year old mother to live
in that world”. (8). Susan, as an American womarn,
always struggles for a neat house and a clean
bathroom, she fights with Sorab about his mother
doesn’t clean the house and bathroom. If Tehmina
decided to settle with them. they going to ask
servant to come and clean every week instead of
two weeks, and also want to move in to a bigger
house. She felt a chill in her heart that she heard the
words from Percy about the need of bigger house,
it meant that her presence was an inconvenience to
them. She thought about her thoughtless habits
(gargled loud in bathroom which Susan hates so
much) and behaviors which affected Susan and
Sorab and created abrasion between them.
Although she tries to live subduedly in their house,
and uses bathroom stealthily at night so not to wake
them up. She feels a guest in the house, and how
eager she wants to help Susan in any way she
could, also disappear when necessary. Her heart
sting with coldness at the image of her son’s
appeasing his  frustrated wife Susanwife.
Sometimes he also expresses his dissatisfaction;

“Maybe asking Mamma to live with us is
not a good idea, maybe she need to go back home
at the end of her six months™. (63)

Tehmina loves to visit the Farmers’
Market in the USA along with Eva, it gives
pleasure and comfort to her. It is quite different
from the antiseptic, air-conditioned, and clean
supermarkets in America. The dirty floors, noisy,
crowded streets. sweaty vendors and the rotting
fruits, all remind her, the markets of Bombay. She
feels;

DOI: 10.35629/5252-0305608613

“To bite an American apple or an orange
was to taste disappointment. Nothing burst with
flavor, nothing tasted as sweet or as tangy the way
fruits did in Bombay. Even the roses of America
had no perfume to them, a fact that Tehmina still
couldn’t quite accept.” (34)

But being an American, Susan doesn’t like
Tehmina’s visit to the Farmer’s Market. often she
expresses her disapproval; ‘god knows why she
came home loaded with fruits and vegetables® (59).
Sometimes Sorab also irritates about this, “Mamma
could be passive-aggressive. All bloody Parsi
women were’. (59) She thought that if she settled
in America that would burdens Sorab and Susan’s
lives, who are busy withtheir professions and it is
difficult to spend time to take care of her because
of their busy schedule. She is alone all the day at
home, no neighbors and no sidewalks. The only
solace she got in the alien land is Eva
Metzembaum, an American woman who comes to
love and consider as her best friend. She feels
comfortable and shares everything with her.
Abandonment and neglect is one of the greatest
miseries in age of Tehmina. Talott, Maria assert in
their journal;

“The relationship of widows and their
adult children and found that some widows seemed
to feel that they annoy or irritate their children and
that they are unwelcome in their children lives.
Some widows felt emotionally dependent on their
children.” (Maria 1990)

The attitude towards death in America is
entirely different, what Tehmina experienced her
visit after departure of Rustom. Death did not
constitute an important challenge to the individual
Americans. Being an American Susan said to
Tehmina about Rustom’s death °‘the sad stuff-if it
just brings you down’ (7). But according to Indian
tradition death treats as sacred thing and the period
of mourning immediately following the cremation
which lasts thirteen days, it is vary according to the
place, people, caste and circumstances. But the
Americans talk to a therapist to overcome their
grief. Even Sorab also suggest her to take pills in
her mourning period. The cultural and traumatic
shock she experiences in the alien land. She needs
emotional support in this period otherwise she
becomes more isolated. The people in this age and
condition need a good company to cansole in the
difficulties, worries and provide sup'pgil‘rt'iri?ﬁespair.
They may face various psychological preblems that
affect their personality, behaviour and health,| She
wants to say to her daughtervin-law; . |

“You will kn(')}\?_f;,\}vhat it’s l_ike'_:-t,e;’ miss

someone so badly it’s like,yq,gffpwn’ﬁfg:a{[é’f betray
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you. Your heart, your skin, your brain, all turn into
traitors.” (8)

Umrigar’s skilled and natural ways of
storytelling captures the image of India through the
stern plot twists the tragedies of her protagonist
Tehmina fantastically wealthy. Her writings offer
excellent insights into this important aspect of our
changing times and mobile society which expresses
itself in the alienation of her characters. She also
attempts a graphic portrayal of cultural alienation
owing to marital discords.

Umrigar provides her woman character
the courage and strength to overcome her miseries
and shows her the ways to fight in the difficult
situations. A kind of woman Tehmina influences
many people in America, makes new relationships
and so it forms as a new family. During the course
of six months stay in America, she begins to see the
world in a new light. She emotionally bonds with
the two neglected American boys from the next
door, which caused to change her life. Tara is an
arrogant mother of the two boys Jerome and
Joshua, a sharp bird like faces who looks dirty than
the poor boys in India, is the neighbor of Sorab.
Tehmina often feeds them when they are hungry.
But Susan strictly instructs her that she don’t want
the two boys to around her son Cookie. Susan
instructs;

“I don’t want any puking in my kitchen.
You have a good heart mom, I really appreciate
that but I want you to listen to me-I don’t want to
have those boys over again [ hope you can respect
my decision.” (16.20)

But feeding the people gives Tehmina
pleasure and satisfaction. She always remembers
the words that Rustom used to say that two things
are important to human being “food and education,
so never refuse to give them to people’. Her heart
breaks at each time the boys opened their mouth
with hungry. She wants to slit open her belly and
hid the boys there and keeps them safe and warm
forever. The mother of the two boys is so difficult,
imperious and plays rap music at late night. She
yells her children terrifically and calls them
‘trouble’.(5) Tehmina always wondered at her
treating of children, how could any mother in the
world called her children ‘trouble’ and how could
god gives her such precious gifts to.Her eyes sting
with tears the way of Tara treating her two boys.
She beats them and one of the boys is bleeding. She
left the injured boy alone at home and drove away.
Tehminalooked around and prayed for help, any
neighbor would come and stop her madness, like
the neighbors in Bombay who ran from all
directions.

DOI: 10.35629/5252-0305608613

“No neighborhood woman come and held
the sobbing boys to her breast; no neighborhood
child looked at Tara with big, accusing, shaming
eyes.” (Umrigar 193)

Her heart melts with the image of the
wounded boys. She decided to rescue the boys but
one side the words of Susan whirling in her mind
about not to contact with the next door family and
another side the thought of the boys alone at home,
finally she decided to save the boys, she was
shivering with the cold and afraid when she eyed
the six feet fence. The words of Susanthat not to
contact them and the thinks of neighbors, if
someone caught her crazy mission streaks in her
mind, but she jumped off the fence.She forced
herself to enter in to the house of Tara where the
two boys sit in the corner of the room as quite as
mice. She brings the boys to her home.

She wants to break the news to her son,
but meantime her grandson Cookie called 911.
Two officers came and after investigation,
appreciate her crazy mission and takes the boys to
their aunt’s house. Everything is so different from
her ways of life in India. Sorab’s eyes narrows
when he sees his mother’s picture in the daily
mirror and the news of jumping over the fence in
head line “A Christmas Miracle”. He thinks about
his mother;

“Mamma, who refused to even go to the
gym in the housing complex, mamma, who had to
rest if they walked too fast in the park, yeah, he
could just see his mother jumping over the fence.
She might as well jump over the moon.” (225)

When Sorab asks her about this incident
she is afraid, like a heavy, clumsy bird with broken
wings. But things have been changed for a short
while. The Americans start praising her crazy
mission, which is so alien to them and applauses
her as an ‘American hero’. The Mayor of the town,
Sorab’s boss and others start acclaim her bravery
and courage. But once, America is the place,
which is alien world to her, who felt lonely here.
Now, America is the familiar world, and has a
family here. She is a good natured woman that
everyone could see a mother, grandmother, friend,
and want to be around. She just demonstrates her
goodness, virtue and integrity She is a stranger to
America but it praises her-as;

“She is a -visitor_ to Amég:ca she is
stranger to this country But to- twol\ frightened
young Rosemont | Helghts boys, Bombay native
Tehmina Sethna, 6‘6 “turned out to bc A hristmas
Angel’"(228) \‘3; .

Umrigar  succegds...in” ‘its wonderful
analysis of the woman’s. ex_p'cncncc in a foreign
land, who caught between two cultures, one is
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familiar and another is strange. Making decision-
some decisions are small, some are large and some
are life changing. Here in America she has her
family, who needs her presence and love, Cookie
needs her, as a grandmother who could give her
love to him, Susan needs her to burnish her rough
edges, remind her responsibilities, Sorab, Percy,
Joe(Sorab’s boss, who treats her as his mother),
Eva need her, she has enough love for all of
them.A sweet natured woman, Tehmina sprinkles
everyone’s life with a bit of sugar, so that everyone
will live happily ever after.

Finally, she decides to stay in America on
her own terms. The country teaches her how to live
independently, dignifiedly and individually. She
wants to live her rest of life alone in her own
apartment. So there is no need to sell Sorab’s house
to buy a bigger one. Now she is brave, dare and
courageous to lead her life alone. Rustom says:

“A woman who so adored me, who so
relied on my strength and that she forgot to
measure her own worth, who never new she carried
the world, my world, in the palm of her hand.” (3)

Umrigar handles the emotions of the
central characters, the tragic beauty implied by her
narrative art, and the feminine psyche of the
novelist  enlightened by  experience  of
contemporary India. At the end of the novel, it is
Tehmina, who stands apart for her extraordinary
strength and flexibility, to with stand the terrible
odds and pressures. Umrigar disposes keen insight
in to the human psyche, and the striking talent that
portraying the situations. Her art of narration is
immense, in the novel the ‘fence’ resembles as
decision making. Here the fence is a separator. To
choose one between two things, two cultures, and
two nations.

“When she had found the courage to jump,
she had landed in more than Antonio’s yard. She
had landed in America. The fence had been the
dividing line between the past and the future,
between India and America.” (293)

Umrigar draws the universal elements;
love, loss, grief, acceptance belonging, family,
isolation, uncertainty and community and brought
them to the place where cultures conserve their
identity and are traverse by their commonalities.
She depicts the difficulties in compassionately
revealing the wonderful humanity through the
character of her protagonist. Tehmina’s seeming
alienation is strikingly described by the novelist.
She is perhaps the most afflicted victim of the
cultural alienation resulting from the East-West
encounter depicted by Umrigar. The way she
weaves the complexities of women especially as
immigrants are vulnerable. Her narrative style is

humane, sympathetic, compelling and evoking the
pain and sufferings women faced in the society.
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ABSTRACT:

The isolation isorhamnetin 3-O-a-L- (6"-E-p-coumaroyl)-rhamnoside was obtained from Indigofera tinctoria. Indigofera
tinctoria flower has been found to rich in medicinal properties such as anti -inflammatory anticancer, anti diabetic,
antimicrobial activity. The plant flower have been found to rich in nutrients and anti nutrients such as crude protein The
present study has been under taken with an objective to determine the anti -inflammatory or immunosuppressive agent.,
antibacterial, antioxidant and cytotoxic activity of the flower methanol extract /ndigofera tinctoria. The selected medicinal
plant was collected from nearby region of cuddlaore. The compound present in isorhamnetin 3-O-a-L- (6"-E-p-coumaroyl)-

rhamnoside the extract were identified by analysis of UV, IR, H NMR, 2T NMR, HPLC, TLC spectroscopy methods .

KEYWORDS: Indigofera tinctoria, Isorhamnetin, Methanol, Anti —inflammatory, Phytochemical Screening.

INTRODUCTION:

Indigofera tinctoria belongs to the family of Fabaceae which is commonly known as Avuri (OR) Neeli in Tamil nadu. It has
light green pinnate leaves and sheafs of pink or violet flowers. The plant is alegume, so it is rotated in to fields to improve
the soil (1). The juice of Indigofera tinctoria leaves, flowers and indigo powder mixed with honey is used for enlargement of
liver and spleen. Juice is also used in asthma, whooping cough, lung diseases and kidney disorders as in dropsy (2).
Experimental evidence suggests that /ndigofera tinctoria possesses anti-inflammatory, hepatoprotective, anti-epileptic, anti-
cancer and neuroprotective properties (3) The methanol extract was concentrated in a rotary evaporator. The concentrated
methanol extract was used for anti-inflammatory activity (4). The present work has carried out to compare the efficacy of
phytochemically extracted the methanol /ndigofera tinctoria fraction of and also to study its pharmacological effect has been
anti-inflammatory activity by carrageenan model. Methanol fraction isorhamnetin 3-O-¢-L-(6"-E-p-coumaroyl)-rhamnoside
were identified (Fig. 1) using HPLC, UV, and NMR by comparison with the published data.

Isorhamnetin-3-0-a-L~(6"-E-p-coumaroyl)-rhamnoside

Plant material:

Fresh flowers (2kg) of Indigofera tinctoria was collected during the August to December 2018 from the Cuddalore District
in Tamilnadu, India. Dr. N. Ramakrishnan authenticated this species and the voucher specimen number is GUH7284, were
deposited in Herbaium of the Botany Department, Government Arts College (Autonomous), Kumbakonam, Bharathidasan
University, India.

Extraction and isolation Air dried flowers of Indigofera tinctoria (2.25kg) was extracted with 90% methanol (MeOH) in a
Soxhlet apparatus. The hydro-alcoholic solution was concentrated under reduced pressure to dryness, and the residue was
dissolved in hot water (1000mL) and kept in the cold overnight. After filtration, the clear solution was consecutively
partitioned with petroleum ether, chloroform and ethyl acetate. Indigofera tinctoria flowers was reported on the
identification isorhamnetin 3-O-g-L-(6"-E-p-coumaroyl)-rhamnoside in the methanolic crude extract was prepared by
soaking a sample (50g) of powdered flowers material in 90% methanol (300mL) for 72 h. The extract was filtered using
clean cloth and What man No. 1 filter paper. The filtrate was concentrated in vacuum at 30°C and stored in sterile sample
containers at 4°C until further use. Double spot on TLC; Rf : 0.32,0.78

Spectroscopic methods:
Melting points were determined on a Fisher Scientific melting point apparatus and are uncorrected. The IR spectrum was

measured on FT-IR spectrograph (Perkin Elmer Spectrophotometer, USA) with KBr tablets from 4000 to 400 em'with

resolution 2em™'. 'H and NMR experiments have performed on a Bruker AMX 400 instrument (Bruker Company,

Faelladen, Switzerland) standard pulse sequences running at 400 MHz for 'H NMR and '3C NMR. Chemical shifts gave in
& (ppm) about TMS as internal standard material and the coupling constants (J) are in Hz. Column chromatography was
performed on silica gel 60 as stationary phase (particle size 0.04 - 0.036mm, 230-400 mesh, ASTM _E. Merck, Germany).
The different solvent systems in volumetric ratios were employed (vol. ratios): CHCl3/EtOAC/ cOE! (1 3&“-3‘1)\ Flavonoids
were visualized by UV light 363 nm, with NH3 vapors and by spraying with 1% AICl; in sugaT\WaNetccted by

spraying with aniline phthalate solution in n-BuOH and heating at 105 °C. activated by heat ﬁg 11¢°C for q)&g;hﬂ " hefp;e
to use. TLC was carried out on 0.25mm Brinkman percolated silica gel F254 plates (silical gel, 60, 230- 40
Germany). The different solvent systems were used for TLC analyses (Water: Chloroform:
visualized by spraying with bromothymol blue in EtOH. A Shimadzu HPLC system (Colu

https://www.rjptonline.org/HTMLPaper.aspx?Journal=Research+Journal+of+Pharmacy+and+Technology%3bPID% 120 : 313
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detection at 280 - 350nm. A chromatographic system comprising a Spectra Physics P-200 series gradient pump (Fremont,
CA, USA), a rheodyne injector fitted with a 20- FL loop, the C18 column (250 4.6mm) (phenomenex, Torrance, CA, USA)
was used.

Animals:

Male albino mice (30-40g) and male albino rats (100- 150g) of Wistar strain were procured from the animal house (5) 2014,
Department of Zoology, Government Arts College (Autonomous), Bharathidasan University, Kumbakonam, Tamilnadu,
India. Animals were fasted overnight and were divided into control, standard and different test groups each consisting of five
groups (six animals each). They housed in cages and maintained under standard conditions at 26+2°C and relative humidity
44-56% and 10 h light and 14 h dark cycles each day for one week before and during the experiments. All animals were fed
with the standard rodent pellet diet, and water adlibitum. Before starting the experiment on animals, the experimental
protocol was subjected to the scrutiny of the Institutional Animal Ethics Committee (IAEC). (Approval No.
BDU/MTAEC/2011/31/29.03.2011).

Anti-inflammatory activity Carrageenan induced paw:

The anti-inflammatory activity of the test compounds were evaluated in Wistar rats employing the method. The different test
concentration of isolated isorhamnetin 3-O-u-L-(6"-E-p-coumaroyl)-rhamnoside. Group I served as control, Group II
standard diclofenac sodium 100 mg. Group III methanol extract 200 and 300 mg, Group IV petroleum ether extract 200 and
300 mg, Group V Chloroform extract 200 and 300 mg, methanolic extracts of ndigofera tinctoria were administrated to the
animals in the test groups at the dose of 200 mg/kg by oral route(6). Animals in the standard group received Diclofenac
sodium at dose of 100mg/kg, by oral route. Control group animals were received 1% DMSO at the dose of 10ml/kg body
weight. The acute inflammation was induced by the sub-plantar administration of 0.1ml of 1% carrageenan in the right paw.
Paw volume was measured by using digital plethysmometer (Ugo Basile-Italy) before administration of carrageenan and
after 1, 2, and 3 hrs intervals (7). The efticacy of different drug was tested on its ability to inhibit paw edema as compared to
control group.

Volume of edema = Final Paw Volume - Initial Paw Volume

The Percentage inhibition of paw edema was calculated by the formula as below.

% Inhibition of Paw edema = [(VC - VT) /VC] x 100
Where, VC = Paw edema of control group and VT = Paw edema of treated group

STATISTICAL ANALYSIS: i
The experimental results were expressed as multiple comparisons of Mean = SEM were carried out by one way analysis of
variance (ANOVA) followed by Dunnet Multiple Comparisons Test and statistical significance was defined as P< 0.05

RESULTS AND DISCUSSION:

Chemical identification

Isorhamnetin-3-0-¢-L-(6"-E-p-coumaroyl)-rhamnoside - Yellow amorphous powder; m.p. 200 - 202 °C:RT 26.3min;; IR :
vmax(KBr): 3272, 2912, 2840, 1692, 1641, 1622, 1517, 1237,1064 and 592 cm™' (8); 'H NMR and '3C NMR (400 =
MHzDMSO-d6, & ppm, I, Hz) The UV spectrum of the flavones glycoside from the methanol fraction showed two =~
absorption peaks at 260nm and 340nm. Chemical constituents- Spectral data of compounds. This compound also gave = |
positive color reactions for a hydroxyl flavone with several reagents (9). 4'-trihydroxy-3'- methoxyflavonol. The '"HNMR |
spectrum showed five aromatic protons signals at (8 6.23, d, ] = 2.1 Hz, H-6; & 6.23, d, ] =2.1 Hz, H-8; § 6.56,d, T =2.1 =
Hz, H-2"; § 7.80, d, ] = 2.1 Hz, H-3"; § 6.90, dd, J = 8.5 are typical of an AX system in B ring and their corresponding carbon = |
signals appear at 6 98.5, 93.2, 114.6, 115.4, 121.7, respectively. Also methoxy protons signal was present at & 3.80 ppm (3H,

s) which showed with the carbon resonance at § 145.1 (C-3"). These data clearly confirmed the characteristic pattern of
isorhamnetin as aglycone (13). In addition, an anomeric a- rhamnose proton was recognized in this spectrum as a doublet at =
& 5.48 ppm with respect to the question of a-or B-linkage of the sugar moieties, it has been found the coupling constant J =
1.61 Hz. corresponded to the anomeric proton of ¢-linked rhamnose (14). The methyl protons of the sugar rhamnose appear

at & 1.15 ppm which is therefore assigned to a 6-deoxy sugar (rhamnose) and rest of the sugar protons appear in the range 8§
3.48 (10).

The 'H-NMR spectrum of 4 also showed signals ascribed to sugar moieties and a p-coumaroyl residue (Table 1). The
arrangements of the sugar units were assigned after hydrolysis of 4 compared to those of reliable sugar samples. The lower
field shifts of H,-6" (& 7.36, J = 8.2 Hz) of one glycosyl unit suggested the substitution site of the pcoumarayl unit. Also the

signals at 6.36 and 7.61 ppm (both d, JAB = 15.8 Hz) assigned to Trans olefinic protons suggested the presence of p-
coumaric acid as the acyl moiety. In the 3o NMR spectrum, the signal at 167.6 ppm (s, C=0) supported this proposal. The | ;

'H NMR is suitable method to distinguish between both Z, E- isomerism of cinnamic acid. The E-cinnamoyl residue is
detectable by a pair of doublets with shift values of 6.36 ppm for Cg-H and 7.61 ppm for C4-H, the corresponding large

coupling constant is about 16 Hz, which agrees well with findings of this study (11) The 3¢
carbon signals, 15 of them has assigned to the flavonol aglycone and one was mcth \car_uxksty. {Verifi

isorhamnetin, and remaining 15 signals has attributed to sugar rhamnose with additio of p-/OL..:m:o unip, The sugar
moiety has proved to be acylated at C- to achieve 3 of the aglycone as deduced from the !
131.1 ppm, which were in close agreement compound 4 as isorhamnetin-3-O-g-L-(6"-E-p ﬁ?l <.
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Table 1. 'H and '3C NMR data of 3 and 4 (DMSO-d, 400 MHz)

Paosition d¢ in ppm oy [J (Hz)] in ppm
2 157.6
3 134.2,
4 177.5
3 160.8
6 98.5 6.29 (d, /=2.1 Hz)
7 164.4
8 93.2 6.56 (d. /=2.1 Hz)
9 156.7
10 103.8
1! 121.9
2' 114.6 7.80 (d, /=2.1 Hz)
3 145.1
4' 148.4
3! 1154 6.90 (d, /=8.5 Hz)
6' 121.7 7.62 (dd, J=2.1. 8.5 Hz)
1" 100.0 5.48 (brd, J/=1.58 Hz)
X 70.2 3.48 (dd,./~3.3, 1.58 Hz)
3" 70.7 3.56 (dd, /=9.5, 3.3 Hz)
4" 723 3.37(d, /=9.5 Hz)
5" 68.8 3.48 (dq, /=9.5, 6.2 Hz)
6" 17.9 1.15(s)
3-OH 9.38 (s)
5-OH 12.56 (s)
7-OH 10.78 (s)
4'-OH 9.72(s)
3'-OMe 55.4 3.80 (s)
1 126.9
2 131.1 7.38 (d../~8.2 Hz)
3 116.7 6.80 (d. /~8.7 Hz)
4" 161.3
3" 116.7 6.80 (d. /~8.7 Hz)
6" 131.1 7.36 (d. /~8.2 Hz)
| 7 46.9 7.61 (d. /~15.8 Hz)
8" 14.3 6.36 (d. /=15.8 Hz)
g 67.6

Anti-inflammatory activity:

Inflammation is a response of living tissue to injuries that involve activation of various enzymes,

mediator release, cell migration, tissue breakdown and repair (12). Carrageen an-induced hind paw edema is a suitable
experimental animal model of acute inflammation (13). Carrageenan induced paw edema takes place in three phases, in the
first phase (1 h after carrageenan induce) involves the release of serotonin and histamine from mast cells, in a second phase
(2 h) was provided by kinins and the third phase (3 h) was mediated by prostaglandins, the cyclooxygenase and
lipoxygenase products (14) .As shown in the results (Table 2), restraint of paw edema (after 3 h) for test compound (200mg)
with 2.82+0.28mL paw volume, respectively. It shows the methonlic extracts compounds had a significant anti-
inflammatory effect, and the results were compared with standard diclofenac sodium 100 mg/kg and showed the paw
volume reduction of 2.62+0.13 without statistical significance (p > 0.05) between methonlic extracts compounds and
diclofenac sodium. Results were also reported in % restraint of edema (protection against inflammation) after three-hour
treatment in comparison with the control group (Table 2). It showed a maximum percentage reduction (58.23%) in paw
edema at 3 hours. methonlic extracts compounds at the dose of 200mg/kg body weight showed the percentage of inhibition
of paw edema at 3 h 49.45%, respectively. All the test and standard groups have reduced the thickness of edema of the hind
paw in different percentages compared to the control group .The maximum inhibition (3.11+0.24; p < 0.001) elicited by the
chloroform extract was recorded at 3 hours. In the carrageenan isorhamnetin 3-O-o-L- (6"-E-p-coumaroyl)-rhamnoside
showed significant inhibitory effect on the oedema formation. This effect started from the first hour and was maintained in
all the inflammatory phases, suggesting that the main mechanism of action of the tested compound may involve
prostaglandin biosynthesis pathway and may influence other mediators of inflammation.

Table 2. Anti - inflammatory activity of isorhamnetin 3-0-g-L- (6"-E-p-coumaroyl)-rhamnoside From Indigofera tinctoria
Groups Initial Paw volume at different time
paw interval (in ml)
volume 1h 2h 3h
Control (1% 228=% 2.61 % 290+ 281+
DMSO0) 0.19 0.04 0.14 0.15
Diclofenac Sodium | 226+ 2522 270 262+
(100 mg/ka) 0.24 0.07 0.11 0.13
Methanol extract 227+ 2.49= 2.92+ 282+
(200 mg/kg) 0.18 0.32 0.24 0.28
(300 mg/kg) 2.29+ 240+ 259 2.72%
0.15 0.12 0.07 0.8
Petroleum ether 225+ 287« 3.08+ 299+
extract 0.27 0.26 0.13 0.11
(200 mg/kg) 2.26= 272+ 298+ 291+
(300 mg/kg) 0.14 0.02 0.14 0.12 |
Chloroform extract | 2.27+ 2.86= 331 ERTES ] PR TR S B
(200 ma/kg) 0.19 0.28 030 | 024 Chat withus &
(300 mg/kg) 228+ 273+ 313« 297+
0.19 0.03 0.23 0.05

All values are expressed in Mean + SEM
Values are expressed in Mean + Standard Deviation (n=6)
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One-way ANOVA (]j.ﬁnn;:ﬁs.}n.cth.od‘j Means for groups in homogeneous subsets are displayed. Subset for alpha = 0.05
level.

Phytochemical Screening:
The phytochemical screening of plant for the presence of glycosides, flavonoids, phenols, resin and tannins. This analysis
revealed that the flower contained higher value of fat, protein, fiber and minerals (15).

Phytochemical Test PE CE EE ME WE
Carbohydrates/glycosides (-) (-) (-) (+) (+)
Alkaloid (-) (=) (-) () () 4]
Flavonoids () (-) ) () () |
Saponins (=) (=) (-) () () |
Tannins &) ) ) () ] |
Phenolics compound (-) () (-) () () |
Protein and amino acid () (=) () () ()

Pl 1. ether Extra Chlaroform Exlract

o L elher X cl. U
EE=Ethyl acetate Extract; ME= Methanolic Extract;
WE= Water Extract

CONCLUSIONS:
The present investigation, we confirm isorhamnetin 3-O-¢-L- (6"-E-p-coumaroyl)-rhamnoside isolated from methanol crude =
extract of Indigofera tinctoria was better anti-inflammatory 4

Group:
Bioactive substances from this plant were employed to develop drugs for treating.

Inflammation:
This effect may be due to its flavonoids, quercetin, isorhamnetin and their
Glycosides composition.
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1. Rationale

Schiff bases and their metal complexes are significant set of biologically active derivatives and have received huge at-
tention of inorganic biochemists due to their bio-medicinal properties, including antibacterial, antifungal, antioxidant, an-
tiinflamatory, anticancer and herbicidal activities [1-3]. The metal complexes with Schiff bases play an important role in
coordination chemistry due to their variety of applications such as binding ability with DNA, capability of DNA cleavage,
catalytic and biological properties, ease of synthesis, changeable structural confirmations [4-8].

The family of salen-type Schiff bases complexes were synthesized by condensation between aromatic or aliphatic di-
amines and phenolic aldehydes. Multidentate Schiff base ligands coordinate with transition metal ion to form complexes
of special type of chelators and binds with metal ions through nitrogen atom of azomethine group (-C=N-) and oxygen
of phenolic -OH group, which are intact to construct a variety of new frame works with interesting chemotherapeutic and
bio-medical properties [9-11]. The metal complexes were thermally stable and actively participated in asymmetric catalysis,
mainly involved in organic transformations as catalytic species and some of them are identified as oxygen carriers [12,13].

An extensive attention given towards the quadridentate Schiff base complexes due to their stupendous antioxidant and
anticancer properties [14-16]. Free radicals (*OH~ and *0,~) generated in human body induces pathophysiological abnor-
malities leads to a variety of cancers by breaking the several proteins and lipid contents of cells. Antioxidants were used
to treat the human body from such abnormalities [9,17]. Therefore it is essential to develop the potential drugs with both
strong antioxidant and anticancer properties for quick remedy from miscellaneous type of cancers.

Biologically active cobalt ion contributes an important role in many metabolic processes of living organisms. As a central
metal ion in vitamin-By;, regulates the normal functioning of brain and the nervous system. Earlier studies revealed that,
most of the cobalt complexes significantly act as antioxidants, antimicrobial, antiproliferent and antiviral drugs [18,19]. The
literature survey noticed that, the nickel complexes are vital in redox enzyme systems as active catalysts and also nickel
supported complexes exhibit catalytic activity in hydrogenation reactions [20,21]. Many of copper complexes reported as
pharmacological agents and considered as potent anticancer drugs. These complexes induce their anticancer property via
blocking the aggressive expansion of cell division by rupturing the cell DNA through an oxidative mechanism and are the
best alternative to Cis-Platin drug [22-24]. Zinc is the second most abundant element in human body and emerged as
central metal ion in many biological active enzymes, carbonic anhydrase, carboxy peptidase and alcohol dehydrogenase. The
literature suggests that several zinc complexes act as antidepresents, antiinflamatory and antialergic agents [25,26].

In the present investigation, we made a focus on synthesis and structural characterization of salen-type tetradentate
Schiff base ligand and its Co(II), Ni(Il), Cu(Il) and Zn(ll) complexes. All complexes were subjected to DNA binding (Com-
plex — CT-DNA) and cleavage (Complex - pBR322 DNA) studies. Further, invitro DPPH free radical scavenging method em-
ployed to investigate antioxidant activity and finally antimicrobial activity was carried out against variety of bacterial and
fungal strains, results were compared with standard drugs.

2. Procedure
2.1. Chemical materials

Chemicals, hydrated metal salts, M(OAc);.xH,0 (M= Co, Ni and Cu) and Solvents utilized in this experimental work
were of analytical grade purchased from Hi-Media Ltd., Merck, Finar and Sigma-Aldrich Chemicals. Standard methods were
employed to distillation of solvents and used for synthesis of Schiff base and its metal complexes [27]. The Calf-thymus DNA
(CT—-DNA) and supercoiled pBR322 DNA (stored at 4°C) were procured from Genei, Bangalore, India. A Tris—HCI/NaCl buffer
(Tris-buffer, pH=7.2) solution of CT-DNA give a ratio of 1.8-1.9 of UV absorbance at 260 and 280 nm, DNA used in this
study was protein free [28].

2.2. Physical Instrumentation

Carbon, Hydrogen and Nitrogen elemental analysis of compounds were carried out by Perkin-Elmer 240C (USA) elemen-
tal analyzer. The metal percentage of the complexes was calculated by atomic absorption spectroscopy after treatment of
complexes with HNO3 on GBC Avanta 1.0 AAS. The 'H-NMR, 3C-NMR spectra of Schiff base ligand and its zinc complex
were recorded on a Bruker 400 MHz NMR. FT-IR spectra of all compounds were recorded on Perkin-Elmer Infrared model
337 instruments in the range 4000-250cm~' with KBr pellet method. Electronic spectra (200 to 800nm range) of all com-
pounds were recorded on Shimadzu UV-2600 spectrophotometer. Gouy balance model 7550 was used to investigate the
magnetic moment values of metal complexes and the calibrant, Hg[Co(NCS)4] was used in this investigation. ESR spectrum
of Cu (II) complex was carried out in DMSO solvent using JEOL-Japan made JES—FA200 ESR Spectrometer at 77 K. Ther-
mal stability of complexes was determined by themogravimetric analysis (TGA) and was carried out on Shimadzu TGA-50H
thermogravimetric analyzer, in temperature range of 30-1200°C with 10°C min—! heating rate. [SM-6360 LV (JEOL
ning electron microscope instrument used to found the surface morphology of Schiff base ligand and its metal
at variable voltage and magnifications. Powder X-ray difraction analysis of compounds was explored by X'pe
Diffractometer. VG AUTOSPEC mass spectrometer was used for detrmmination of mass spectral data of all co
polmon instrument, model No. MP-96 was used to find out the melting points of all compounds. The solu




G. Ramesh, S. Daravath and M. Swathi et al./Chemical Data Collections 000 (2020) 100434 3

F
Methanol
70°C, 1h
Reflux . ; ¥
—-l-
Methanol
F, 70°C, 1h
/0 Rcl]ux g
R OH
5
—_— e
Methanol C Q
60°C. Ih O sl Q o
HoN NH> 8
B 2 Refl
cflux H,L R;flu.t q i g ¥
A =Co(CH;CO0),. 4H,0
C = Cu(CH;COO0),. H>O h
D =ZaCl, Methanol

-I'U“C 1h l)ll
(o]
]”

Scheme 1. Synthesis pathway of ligand, H,L and its Co(II), Ni(II), Cu(ll) and Zn(II) complexes.

absorption studies and fluorescence quenching experiments were recorded on Shimadzu UV-2600 spectrophotometer and
RF-5301PC (JASCO) spectrofluorometer respectively. Viscosity measurements were carried out on Vensil-Ostwald viscome-
ter. DNA nuclease experiments were performed with GeNei gel electrophoresis tool and DNA bands containing gels were
photographed by Bio-Rad gel imaging system.

2.3. Synthesis and procedures

2.3.1. Preparation of Schiff base ligand (H,L)

synthesis of Schiff bases ligand, H,L was carried out by mixing of hot methanolic solution of 2-hydroxy-napthaldehyde
(2.0 mmol) to hot stirred methanolic solution of 4-fluoro-1,2-phenylenediamine (1.0 mmol) and the solution was refluxed
for 1 hour at 60 °C on oil bath. Later the solution was allowed cool for 1-2 h leads to setting down of orange solid. The
product was filtered and gently rinse with Pet-ether and recrystallized from methanol. TLC technique was helped to check
the purity of product and dried in vacuum desiccator loaded with anhydrous CaCl, (Scheme 1).

2.3.1(1). Ligand H,L

Anal. Cal (%): C, 7741; H, 4.41; N, 6.45. Found: C, 77.29; H, 4.32; N, 6.32. "H-NMR (400 MHz, €DCl5): § = 15.11 (s, 1
H), 14.97 (s, 1 H), 9.69 (m, 2 H), 8.55-8.59 (t, ] = 7.90, 2 H), 7.95-8.00 (t, ] = 9.41 Hz, 2 H), 7.88-7.91 (dd, ] = 2.76 Hz,
] = 2.76 Hz, 1 H), 7.81-7.86 (m, 3 H), 7.54-7.58 (t, | = 7.78 Hz, 2 H), 7.36-7.41 (m, 2 H), 7.26-7.31 (m, 1 H), 7.81-7.86 (m, 3
H), 7.11-713 (d, ] = 9.03 Hz, 1 H), 7.03-7.05 (d, ] = 9.03 Hz, 1 H) (Fig. S1). 3C—NMR (400 MHz, CDCl3): § = 169.94, 167.19,
162.94, 160.52, 159.15, 157.92, 140.18, 137.76, 136.87, 136.37, 133.52, 133.34, 129.44, 128.67, 128.58, 127.50, 127.36, 124.25,
124.12, 122.11, 12132, 114.23, 114.00, 109.90, 109.77, 107.12, 106.87, 79.65 (Fig. S2). FT-IR (KBr)(cm~"): uop 3449; v(c_n
1630; vc.o) 1165. UV (CHCl3) Amax, nm: 265, 328, MS (ESI): m/z = 434 [M+H]*. Yield: 76%, M.P: 222-225 °C.

2.3.2. Synthesis of Co(II), Ni(Il) Cu(Il) and Zn(Il) complexes [1-4]

To the hot stirred methanolic solution of Schiff base ligand (H,L) (0.01 M), hot methanolic solution of metal ac-
etates/chlorides [Co(CH3C0O0),. 4H,0/ Ni(CH3C00),. 4H,0/ Cu(CH3C00);. H,0/ ZnCly] (0.01 M) was added drop
refluxed for 1 hour at 70 °C leads to formation of coloured solid. The reaction mixture was left constant for 1-
tling down the metal complex. The product was filtered and washed 2-3 times with methanol and petroleum
metal complexes were dried in vacuum desiccators loaded with anhydrous CaCl, (Scheme 1).
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2.3.2(1). [Co(L)](1)

Anal. Cal (%): C, 68.44; H, 3.49; N, 5.70. Found: C, 68.30; H, 3.38; N, 5.57. FT-IR (KBr)(cm~'): vjc_y) 1606, U(c.0)
1193, Vipm.0) 491, Uy 430. UV-Vis. (DMSO) Amax (nm): 273, 335, 426, 468. jier (BM): 2.15. MS-ESI (m/z): 493 [M+2H]*.
Yield = 71% M.P: 310-313 °C.

2.3.2(2). [Ni(L)](2)

Anal. Cal (%): C, 68.47; H, 3.49; N, 5.70. Found: C, 68.36; H, 3.37; N, 5.61. FT—IR (KBr)(cm™'): V(c=N) 1607, V(c-0) 1199,
Vim-0) 491, vpvny 429. UV-Vis. (DMSO) Ay (nm): 273, 338, 377, 481. e (BM): Dia Magnetic. MS-ESI (m/z): 493[M+2H]
*. Yield = 72%. M.P: 307-310 °C.

2.3.2(3). [Cu(L)](3)

Anal. Cal (%): C, 67.80; H, 3.45; N, 5.65. Found: C, 67.65; H, 3.32; N, 5.56. FT—-IR (KBr)(cm~'): Vic=n) 1614, V()
1194, U(M-D} 489, U(M—N} 427. UV-Vis. (DMSO) )»max(nm): 265, 327, 387, 479. Heff (BM} 1.78. MS-ESI (m,‘z} 518 [M+Na]
*. Yield = 70%. M.P: 330-335 °C.

2.3.2(4). [Zn(L)](4)

Anal. Cal (%): C, 62.99; H, 3.96; N, 5.25. Found: C, 62.85; H, 3.85; N, 5.13. 'TH—NMR (400 MHz, CDCl3): 9.75-9.77 (m, 2 H),
8.43-8.45 (m, 2 H), 8.18-8.29 (m, 2 H), 7.82-8.11 (m, 1 H), 7.71-7.88 (m, 3 H), 7.48-7.51 (m, 2 H), 7.21-7.65 (m, 3 H), 6.98-7.01
(m, 2 H), (Fig. $1). FT—IR (KBr)(cm™1): vc_y; 1613, v(c.0y 1167, vpm0) 544, Upmon) 443. UV-Vis. (DMSO) Az (nm): 271, 333,
417, 471. [ (BM): Dia Magnetic. MS-ESI (m/z): 533[M+H] *. Yield = 69%. M.P: 340-344 °C.

2. 4. DNA binding techniques

2.4.1. UV-Vis absorption titrations

Tris-HCl/NaCl buffer (pH=7.2) is used to determined the nature of interaction between metal complexes and DNA at room
temperature. The titrations were carried out by maintaining the metal complex concentration (10 pM) as constant, whereas
the Calf Thymus DNA (CT-DNA) concentration as variable (0-10 pM). At 260-280 nm wavelength range 1.8-1.9/1 ratio of
UV-absorbance was shown by the buffer solution containing CT-DNA indicating that the CT-DNA was completely free of
protein [29]. The metal complexes (1-4) are moderately soluble in buffer solution due to this reason, metal complexes were
dissolved in dimethyl sulfoxide (DMSQ) to prepare stock solution. The concentration of CT-DNA used in these experiments
was determined by absorption spectroscopy with the known molar extinction coefficient of 6600 M~'Cm~! at 260 nm
[30] while determining the absorbance, to eliminate the absorbance of CT-DNA itself equivalent quantities of CT-DNA were
added to complex solution as well as reference solution.

2.4.2. Fluorescence guenching assay

Fluorescence quenching assay was performed to further clear understanding of interaction between metal complex and
DNA. Because of non-emissive nature of ethedium bromide (EB), the EB and CT-DNA were mixed evenly and kept constant
for 15 mints at room temperature for fluorescence quenching study. The fluorescence emission intensities of EB (12.5 pM)
bound CT-DNA were evaluated in the wavelength range of 500-750 nm with fixed excitation wavelength (A=350 nm) by in-
creasing complex concentration from 0-60 nM and CT-DNA concentration (125 pM) as constant. The Stern-Volmer constant,
Ksv was calculated for each complex by using following equation [31].

ID/I = 1+st[Q1

Where, Iy = fluorescence emission intensity in the absence of complex

I = fluorescence intensity in the presence of complex

Ksy = Stern-Volmer constant which is a measure of the efficiency of quenching
[Q] = [metal complex] (concentration of quencher).

2.4.3. Viscosity measurements

Ostwald capillary viscometer immersed in a thermostatic water bath is used to determine the changes in viscosity of
solution containing metal complex and DNA. The thermostatic water bath maintains the solution temperature as constant
in the range 30 + 0.2 °C. Digital timer was used to measure the viscosity of metal complexes, while measuring, the con-
centration of CT-DNA is kept constant (100 pM) where as the variable concentrations of metal complex (0-100 pM) is used.
Average flow time of each metal complex was calculated by measuring flow time of each metal complex about three times
to get accurate flow value. The viscosity measurements were analysed as (1)/10)'/? versus [complex]/[CT-DNA], where 1 and
1o are the CT-DNA viscosity in the presence and absence of metal complex. The functions “n” and “n,” are calculated from
n = (t-to) [ to and 1o = (t'-t,) | to respectively, where t = flow time of CT-DNA solution in the presence of

Finally, viscosity measurements were calculated after correction of flow time of buffer alone.
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2.5. DNA cleavage studies

Agarose gel electrophoresis technique was employed to explore the DNA cleavage ability of metal complexes. Photolytic
cleavage (UV light irradiation) and oxidative cleavage (H,0, involved) of super coiled pBR322 DNA (0.2ug/tL) by all metal
complexes (20 ;M) were investigated in Tris-HCI/NaCl buffer (pH = 7.2). The prepared samples were loaded in wells of 1%
agarose gels and were electrophorsed at 37 °C by applying 70 Volts for 1 hour in TAE buffer solution mixed with 1.0 mg/ml
ethedium bromide (EB). After completion of this electrophoresis process the gels were photographed in the presence of UV
source to observe the DNA cleavage patterns.

2.6. Biological evaluation

Antimicrobial activity (antibacterial and antifungal) of synthesized ligand (H,L) its complexes (1-4) were determined
by invitro disc diffusion method [32]. DMSO dissolved 1.0 mg/ml concentrated sample stock solutions were utilized for this
biological test. All compounds were screened against Gram-positive bacterial strains, Bacillus amyloliquefaciens (B. amylolique-
faciens), Staphylococcus aureus (S. aureus), Gram-negative bacterial strains, Pseudomonas aeruginosa (P. aeruginosa), Escherichia
coli (E. coli) and also against fungal strains, Sclerotium rolfsii (S. rolfsii), Macrophomina phaseolina (M. Phaseolina). The drugs,
streptomycin and mancozeb were used as standard drugs to compare the antibacterial and antifungal activity respectively.
Nutrient agar medium was prepared and inoculate with 0.1 mL of culture sample. This nutrient agar medium transfered into
sterilized petridishes and incubate for proper development of culture medium. The paper discs having 6 mm diameter were
soaked in test compounds and placed on the solidified medium by maintaining appropriate distance to avoid the merging
of colonies with each other. The bacterial petridishes were autoclaved at 37 °C for 48 hours and fungal dishes were at 30 °C
for 72 hours. The activities of tested compounds were evaluated interms of inhibition zones.

2.7. DPPH® free radical scavenging activity

2, 2-diphenyl-2-picryl-hydrazyl (DPPH) solution was used to investigate the antioxidant property of all metal complexes
(1-4) by Blois method [33] with some adjustments. On UV-Vis spectrophotometer, DPPH shows a strong absorption band at
517 nm due to odd electron. The metal complex samples were prepared in test tubes with variable concentrations (20-100
uM) along with standard (Ascorbic acid/ Vit-C). To each sample solution 1 ml of 0.3 M concentrated DPPH solution was
added and mixed thoroughly. The samples were incubated for 30-40 mints in dark. After incubation, the absorbances were
recorded at 517 nm to investigate the antioxidant activity of metal complexes. The ICsq values (50% inhibition concentration)
of complexes were calculated with regression lines.

3. Data, value and validation

The synthesized Schiff base ligand (H,L) is orange in colour and its complexes (1-4) are coloured in nature. All complexes
are stable and non-hygroscopic at room temperature. The prepared complexes are soluble in DMF and DMSO. From the
analytical data, it is confirmed that the ratio of metal to ligand is 1:2.

3.1. Nuclear Magnetic Resonance spectroscopy

The "H-NMR spectroscopic data of the ligand (H,L) and its Zn(Il) complex (4) was determined at ambient temperature
in CDCl3 and DMSO-dg solvent respectively at 400 MHz. The "H-NMR spectrum of H,L (Fig. §1) shows two characteristic
singlet signals at § - 15.11 ppm and & ~ 14.97 ppm are attributed to two non-equivalent phenolic -OH protons. The other
characteristic two azomethine -NH protons appear at § ~9.69 ppm and all remaining aromatic protons observed in the re-
gion of § - 7.03-8.55 ppm. In the "H-NMR spectra of Zn(Il) complex, disappearance of two phenolic ~OH signals indicated
the displacement of phenolic-OH groups due to complexion with metal ion. Along with this, the azomethine protons signal
is observed at §~9.66 ppm in Zn(II) complex which confirms the coordination of nitrogen of azomethine group to the metal
ion. In Zn(Il) complex, the aromatic proton signals are appeared at § - 6.98-8.45 ppm region. The comparison of chemi-
cal shift values of the ligand, H,L and its Zn(II) complex clearly shows disappearance of phenolic proton signals in Zn(lI)
complex and down field shift in azomethine nitrogen proton signal and aromatic proton signal. Therefore, the geometries
proposed to these compounds are feasible and supported by the results of "H-NMR spectroscopy.

3.2. Electronic spectra and magnetic susceptibility

The electronic spectral transitions and magnetic moment values are helpful in determination of geometry of metal com-
plexes. The magnetic moment values and electronic spectra of Schiff base ligand, H;L and its metal complexes (1-4) were
presented in Table 1 and Fig. S3, respectively. In the present investigation, the ligand (H,L) showed major charac
bands at 265 nm (w-7* transition) and 328-380 nm (n-7* transitions), upon complexation these transitional
shifted to 270-275 nm (sr-7r* transitions) and 327-426 nm (n-7r* transitions) respectively indicating that the bj
of ligand is coordinated to metal ion [26]. Along with 7-7* and n-7* bands, LMCT bands also found in meta
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Table 1
Electronic spectral and magnetic moment values of Schiff base ligand, H,L and its
complexes (1—-4).

Compound  m-7* (nm) n-7* (nm) LMCT (nm)  d-d (nm)  p.r (BM)

H,L 265 328, 380 - - -
[Co(L)] (1) 275 335,426 468 593 2.15
[Ni(L)] (2) 273 338,377 478 648 2
[cuL)] (3) 270 327,387 479 661 1.79
[Zn(L)] (4) 271 333,417 471 < i
Table 2
FT—IR data of ligands, H,L and its metal complexes (1-4)
Compound vy (em™') vy (em™')  vieglem™)  vmeg (em™)  vpuony (em™!)
H,L 3449 1630 1165 - -
[Co(L)] (1) - 1606 1193 491 430
[Ni(L)] (2) - 1607 1199 491 429
[Cu(L)] (3) - 1614 1194 489 427
[Zn(L)] (4) 3434 1613 1167 544 443

in the range 468-479 nm. In addition to all these bands, the Co(Il) complex showed d-d band at 593 nm (transition :
TA1g — 'Byg) [34], Ni(Il) complex showed d-d band at 648 nm (transition : 'A;; — 'Ayg) [35], the Cu(ll) complex showed
d-d band at 661 nm (transition : 2B1g — 2Eg) [36] and no d-d transition was shown by the Zn(Il) complex in electronic
spectra due to its d!° electronic configuration [37]. The magnetic moment of complex was measured by following equation,
Uefr = 2.828 [xm.T]"2 where xm = molar susceptibility and T= room temperature. The Co(Il) and Cu(Il) showed magnetic
moment values as 2.15 BM and 1.79 BM respectively, indicating the paramagnetic nature where as Ni(Il) and Zn(II) com-
plexes are found to be diamagnetic in nature. Both the results (electronic and magnetic values) are in good aggrement with
square planar geometry for Co(Il), Ni(ll) and Cu(Il) complexes and octahedral geometry was assigned for Zn(Il) complex.

3.3. FT-IR spectra

Functional groups present on the ligand and its metal complexes and binding sites of Schiff base ligand connected to
metal ion were recognized by FT—IR spectroscopy using KBr pellets in the region 4000-400 cm~!. FT—IR values are given in
Table 2 and Fig. S4 represents for ligand (H,L) and its complexes (1—4). The broad band appeared at 3449 cm~! region is
correspond to phenolic —OH group of ligand, which is disappeared in its metal complexes, indicating the ligand coordinated
to metal ion through phenolic oxygen atom. This is further confirmed by the shift in the v(C-0) peak of H5L from 1165 cm™!
to higher frequencies, 1193 cm~'(1), 1199 cm~1(2), 1194 cm~'(3) and 1167 cm~'(4) in its complexes. The FT—IR spectra of
Zn(Il) complex showed a broad diffuse band at 3434 cm~! region, indicates the coordination sphere is associated with
water molecules. The strong peak appeared at 1630 cm~! region for ligand, assigned to azomethine group (—C=N), upon
complexation this is shifted to lower wave number to the extent of 15—25 cm~! indicating the nitrogen atom of azomrthine
group (—C=N) is coordinated to the metal ion. Further, the non ligand bands appeared in the region of 489—544 cm™!
assigned to v(M-0) bond and in the region 427-443 cm~! assigned to v(M-N) bond. These characteristic bands provide
the additional support to coordination of ligand to metal ion via oxygen atom of phenolic -OH group and nitrogen atom of
azomethine group respectively [38-40].

3.4. Mass spectra

In the present study, ESI-MS technique was employed to confirm the mass of the ligand, H,L and its complexes (1-4)
by observing the intense molecular ion peaks in the spectra and shown at m/z = 435 [M+H]* (H,L), 493 [M+2H]* (1), 493
[M+2H]* (2), 518 [M+Na]* (3), 533 [M+H]* (4). From the ESI-MS results, the molecular ions confirms, 1:1 stoichiometric
ratio for metal to ligand as satisfactorily (Fig. S5).

3.5. Thermal study

Thermogravimetric analysis of all metal complexes (1—4) was carried out to determine the thermal stability over a tem-
perature range from 30-1200 °C. The analysis was accomplished at an increased heating rate of 10 °C per minute under the
nitrogen environment. Fig. 1 represents the thermogravimetric curves of Co(Il), Ni(Il), Cu(ll) and Zn(IlI) complexes. From the
results of thermogravimetric analysis, it is observed that, the Co(Il), Cu(ll) and Zn(II) complexes showed two step=dt
sition process where as the Ni(Il) complex decomposes in three steps. All complexes showed high thermgt' st § "4,{(13\0
the range of 200-500 °C except Zn(ll) complex. The Zinc complex shows decomposition below the 100 €. Sdicating Wate
molecules associated in the coordination sphere. In the first step decomposition process of cobalt and cop
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Fig. 1. Thermogravimetric curves of Co(Il), Ni(II), Cu(Il) and Zn(II) complexes.
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Fig. 2. ESR spectrum of Cu(Il) complex.

weight loss observed in temperature range 250-490 °C and the Zinc complex shows its first step decomposition in the range
of <100-490 °C indicating the partial loss of ligand moiety. In second step, the weight loss observed in temperature region
290-850 °C for cobalt and copper complexes and 490-805 °C for zinc complex indicating the complete decomposition of
organic moiety. Nickel complex shows its weight loss in the temperature region of 185-230 °C (first step), 407-480 °C (sec-
ond step) and 880-1096 °C (third step). The horizontal line above the 1000 °C may due to the complete decomposition of
metal complex, resulting metal oxide (MO) moiety.

3.6. ESR spectra

Geometrical environment around the Cu(ll) ion in Cu-complex was determined by the analysis of Electron Spin Reso-
nance (ESR) spectral data obtained from ESR spectroscopy. The ESR spectroscopy was carried out at liquid nitrogen tem-
perature (77 K) and in DMSO solvent. The ESR spectrum of Cu-complex (1) was shown in Fig. 2. “g” tensor values are
determined by the analysis of ESR data and were used in identifying the ground state of the copper complex. The calculated
g|» 8L and G values are 2.143, 2.072 and 1987 respectively. From the data, it is observed that the g|» 8L and ge (2.0023)
values follow the order g|>EL>8e (2.0023), which is an indicative of square planar geometry for copper complex in which
the unpaired electron is in dx?_y? orbital with 2B;g ground state [41]. Further, the g, value is less than 2.3 suggesting the
metal-ligand bond is covalent in nature [42]. Kneubuhi’s method is employed to found the “G"” values [G = (g” -2) -
to know the exchange coupling interactions between Cu(II)-Cu(Il) ions. In the present study, the “G” value o w&ﬁ é;:\
found to be 1.987 and according to Hathway-Billings concept, it is found that the considerable exchange ingfrdckons exisf
between the Cu(ll) ions [43]. S

[}
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“
A




8 G. Ramesh, S. Daravath and M. Swathi et al./Chemical Data Collections 000 (2020) 100434

3.7. Powder X—ray diffraction study

As single crystals of synthesized compounds were not obtained, powder X-ray diffraction (PXRD) technique was per-
formed to find out the nature of all compounds by taking 20 scale in the range of 10-80 ° degrees. Fig. 3 explores the
powder XRD difractograms of synthesized ligand and its Co(II), Ni(Il), Cu(Il) and Zn(II) complexes. From the results, all the
compounds showed sharp peaks indicates their crystalinity in nature. The average crystallite sizes of all compounds were
determined from the dygp patterns. The Debye-Scherrer's formula, D = 0.9 A | B cosf was exploited to calculate the crys-
tallite size [44]. In the formula, D = particle size, 0.9 is the shape factor constant, A = wavelength of X-ray, 8 = full width
at the half-maximum (FWHM) and € = diffraction angle for hkl plane. The average grain sizes of ligand H,L and its metal
complexes 1-4 were found to be 36.6 nm, 22.3 nm, 25.4 nm, 24.7 nm and 28.1 nm respectively.

3.8. SEM and EDX study

Scanning electron microscopy (SEM) is a well known and useful technique to ascertain the surface morphology of syn-
thesized compounds. The SEM micrographs of ligand and its metal complexes exhibits dissimilar morphological appearence
from each other [45]. The SEM micrographs of H,L and its complexes (1—4) shown in Fig. 9. The ligand H,L showed a long
dimensional rod like structures with rough surface where as its Co(II), Ni(II), Cu(II) and Zn(Il) complexes depicts agglomerate
of smaller globular like structres (1), non-uniformed small sponge like structures (2), irregular shapes of wooden like pieces
with sharp ends (3) and smaller and larger rods with different size scattered in zigzag manner (4) respectively.

The energy dispersive X-ray diffraction (EDX) analysis is used to know the chemical composition of ligand, H,L and its
complexes (1—4). The elements present in the ligand and its complexes are shown in Fig. 4 as EDX graph along with SEM
images. In the EDX graph of ligand, C, H, N, F element peaks are observed and in its complexes along with these peaks Co
(1), Ni (2), Cu (3) and Zn (4) elemental peaks also observed.

3.9. DNA binding techniques

3.9.1. UV-Vis absorption titrations

The mode of binding and strength of binding of the metal complexes with DNA were determined by globally accept-
able electron absorption method, in which considerable changes in absorbance and wavelength were observed [46]. In
this investigation, the increased concentration of DNA leads to decrease in ;-7* transition intensity bands by 26.5—34.5 %
(hypochromism) with 2—4 nm red shift. The DNA binding absorption spectra of Co(II), Ni(II), Cu(Il) and Zn(Il) complexes are
presented in Fig. 5. The red shift/bathochromic shift is an indication for strong stacking interactions i.e., intercalative inter-
actions between the active portion of metal complex and nitrogenous base pairs of DNA [19]. Mainly the non-covalent 7 -7*
interactions are involved in formation of interactive binding between metal complex and CT—DNA leading to hypochromism.
This is evidenced by w-m* transitions between m* orbital of complex to 7 orbital of base pairs of DNA which results low-
ering of w-m* transition energy and leads to bathochromic shift [24]. Further, the intrinsic binding constants, Kb values of
metal complexes with CT-DNA were explored from following equation by using UV-vis absorption spectral data

[DNA]/(Sa—EF):{DNA]/(Sb—Sr)+1 /Kb(EbAEf)

Where [DNA] = concentration of DNA in the base pairs, £, = apparent coefficient of the complex in presence of DNA,
&y, = molar extinction coefficient of DNA bound form of complex, &; = molar extinction coefficient of free complex, Ky _
intrinsic binding constant, calculated from the plot drawn between [DNA]/ (ea-€5) Vs [DNA]. In the present study, the K,, val-
ues are found to be 4.62 + 0.02 x 10* M~'(1), 8.87 + 0.01 x 10* M-1(2), 9.44 + 0.01 x 104 M-! (3), 3.25 & 0.02 x 10* M-
(4) respectively. From the result, the copper complex strongly interact with CT-DNA than Co(Il), Ni(Il) and Zn(ll) complexes .

3.9.2. Fluorescence quenching assay with Ethidium bromide

The binding nature of metal complexes (1—-4) with CT-DNA base pairs was additionally evidenced by fluorescence
quenching investigations. Ethedium Bromide (EB) is a strong fluorescence active probe and emits strong fluorescence inten-
sity in presence of CT-DNA where as it is non-emissive and shows weak fluorescence intensity in absence of DNA, due to
quenching of free EB fluorescence nature by solvent molecules. The strong fluorescence intensity is because of strong inter-
calative mode of binding [47,48]. Generally, the other DNA binding agents/ substances can quench the fluorescence intensity
in their higher concentrations. The gradual quenching of fluorescence intensity of EB—DNA adducts/system was observed by
successive increments of metal complex concentration. This is due to displacement of EB from CT—DNA and clearly showed
the potential competence of metal complex with EB in binding with CT-DNA. The emission spectra of EB—DNA system in
the presence and absence of quencher (metal complex) were presented in Fig. 6. The Stern-Volmer quenching constant, Kgy
values were determined from the slop of plot I/l Vs [Q]. In the present study, the Ksy values found to be 1.38 + 0. 01 x_ 104
M- (1), 1.60 £ 0.02 x 10* M-! (2), 461 + 0.01 x 10* M~ (3), 434 + 0.02 x 103 M- (4) respectively. The resqlts,
vealed that the Cu(ll) complex showed higher fluorescence quenching activity than other complexes. The Ky v
reliable with the UV-DNA binding constant (K},) values.
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Fig. 4. SEM and EDX graphs of ligand, H;L and its complexes 1—4.
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Fig. 5. Electronic absorption spectra of complexes, 1-4 in the absence (red curve) and presence (other curves) of CT—DNA, added in increment wise at
room temperature in Tris-HCl/NaCl buffer (pH=7.2). Conditions: [complex] = 10 1M and [CT-DNA] = 0—10 uM. Arrow () shows the absorbance change
upon increasing CT—DNA concentration Inset: plot of (£a-¢y) [(ey=€y) vs. [DNA] for the absorption titration of CT-DNA with the complexes.

3.9.3. Viscosity measurements

UV-vis absorption studies and fluorescence quenching experiments were essential but not enough to establish the bind-
ing nature of metal complex to CT—DNA, further it was resolved by employing the viscosity measurement studies, as it was
most important experiment to identify the nature of binding in solution state. In the viscometric investigations, decrease or
increase of DNA viscosity is observed, it depends upon the nature of binding and type of interactions i.e., non-classical or
classical intercalators. The non-classical intercalators may involve in bending/ kinking of DNA double helix via intercalation
(non-classical) in grooves of DNA which leads to decrease in viscosity of DNA [49,50]. In a classical intercalation nature of
binding it is expected increase in viscosity of DNA helix due to incorporation of classical intercalator in DNA base pairs,
which leads to increase in the space between DNA base pairs (due to separation) and lengthening of DNA helix was mon-
itored. In this investigation, the binding nature of metal complexes (1-4) with CT—-DNA was determined by measuring the
relative specific viscosity of CT-DNA. In this experiment, the variable concentration of metal complex was employed in
successive increments where as constant concentration of CT-DNA was maintained. The Fig. 7 showed the relative specific
viscosities of metal complexes. From the results, it is observed that the extension of CT—DNA helix was found while increas-
ing the complex concentration leading to increase in CT—DNA viscosity indicates intercalation binding mode exists between
metal complex and CT—-DNA [51]. The viscosity measurements reveal that the increase is more in the case of Cu(ll complex
suggesting Cu(ll) complex more effectively intercalates with CT-DNA than remaining complexes and these
consistent with UV-DNA absorption and fluorescence results.
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Fig. 8. Gel electrophoresis images of oxidative (a) and photolytic cleavages (b) of supercoiled pBR322 DNA (0.2 mg, 33.3 mM) in 5 mM Tris-HCI/NaCl buffer
(pH = 7.2) by all compounds. In oxidative Cleavage, Lane 1, DNA control: Lane 2, DNA + H,0, (1 mM): Lane 3, DNA + H,0, (1 mM) + H,L (20 mM):
Lane 4, DNA + H,0; (1 mM) + Co(ll) complex (20 mM): Lane 5, DNA + H;0, (1 mM) + Ni(Il) complex (20 mM): Lane 6, DNA + H,0, (1 mM) + Cu(ll)
complex (20 mM): Lane 7, DNA + H,0; (1 mM) + Zn(Il) complex (20 mM). In photolytic cleavage, Lane 1, DNA control: Lane 2, DNA + H,L (20 mM):
Lane 3, DNA + Co(Il) complex (20 mM): Lane 4, DNA + Ni(Il) complex (20 mM): Lane 5, DNA + Cu(II) complex (20 mM): Lane 6, DNA + Zn(II) complex
(20 mM).

3.10. DNA cleavage activity

DNA cleavage experiments carried out by agarose gel electrophoresis method were very important to determine the
cleavage efficiency of metal complexes against super coiled pBR322 DNA (SC-DNA) and are play a key role in design and
invention of novel, efficient drugs, especially chemotherapeutic drugs targeted to DNA moiety. The H,0, mediated cleavage
(oxidative) and ultra violet light focused cleavages (photolytic) are employed to investigate the cleavage capacity of synthe-
sized metal complex with SC-DNA via reactive oxygen species (ROS) involved mechanism (Scheme 2). The cleavage capacity
was assessed by monitoring the conversion of fast moving form-I DNA (SC-DNA) in to slow moving form-II DNA (nicked
DNA) and form-III DNA (linear DNA) which moves in between form-I and form-Il DNA. The hydroxyl radical was generated
from H,0, and is responsible for the scission of DNA strands in oxidative cleavage [52] and in the photolytic cleavage, photo
excitation of triplet state oxygen (30,) takes place by gaining energy from UV-radiation (A = 365 nm) and converts in to
singlet oxygen ('0,) which is responsible for incision of DNA strands [53]. Fig. 8 depicts the oxidative cleavage method (a),
and lane 1 (control), lane 2 (DNA+ H;0;) and lane 3 (DNA+ HL) showed no cleavage. Lane 4 (DNA+ 1), lane 5 (DNA+
2), lane 6 (DNA+ 3) and lane 7 (DNA+ 4) showed efficient cleavage of SC-DNA in to form-Il DNA by respected complexes.
In photolytic cleavage method (b), no DNA cleavage was found in lane 1 (control) and lane 2 (DNA+ H,L) where as Lane 3
(DNA+ 1), lane 4 (DNA+ 2), lane 5 (DNA+ 3) and lane 6 (DNA+ 4) showed DNA cleavage in to form-Il DNA by respected
complexes. From these investigations, it is concluded that, there is no cleavage was found by Schiff base ligand where as its
metal complexes efficiently cleaved the SC-DNA (form-I) in to nicked form DNA (form-II).

3.11. Antibacterial and antifungal activities

Antibacterial and antifungal activity studies of ligand (H,L) and its metal complexes were carried out by in vitro disc
diffusion method. All compounds were screened against two Gram positive bacterial strains Staphylococcus aureus (S. aureu
Bacillus amyloliquefaciens (B. amyloliquefaciens), two Gram negative bacteria strains Pseudomonas aeruginosa (P. aerugi
Escherichia coli (E. coli) and also against two fungal strains Macrophomina phaseolina (M. phaseolina), Sclerotium




14 G. Ramesh, S. Daravath and M. Swathi et al./Chemical Data Collections 000 (2020) 100434

35 - [ B. amylo liquefaciens
I S. aureus

1 E. coli

30 Il P. aeruginosa
[_1s. rolfsii
1 M. phaseolin

254

Inhibition zone (mm)
- nN
o o
1 1

=
1
Sm = Streptomycin

= _|Mz = Mancozeb

HL [Co(L)] [Ni(L)] [Cu(L)] [Zn{L)] Sm

2
Compounds and drugs

Fig. 9. Zone of inhibition (in mm) of the ligand, H,L and its metal complexes (1-4) tested against bacterial and fungal strains.

Table 3
Antibacterial and antifungal activity results of ligand, H,L and its metal complexes (1—4) at 1mg/mL concentration along with respective standard drugs at
the same concentrations.

Bacterium{mm) Fungi(mm)
Gram-positive bacteria Gram-negative bacteria
Compound Bacillus Staphylococcus Escherichia Pseudomonas Sclerotium Macrophomina
amyloliquefaciens aureus coli aeruginosa rolfsii phaseolina
H,L 11 11 9 10 8 10
[Co(L)] (1) 19 21 22 19 21 20
[Ni(L)] (2) 25 22 24 22 23 24
[Cu(L)] (3) 26 27 28 25 27 28
[Zn(L)] (4) 17 14 17 15 16 14
Streptomycin 34 32 31 32 - -
Mancozeb - - - - 32 33

rolfsii). The antibacterial and antifungal results are presented in Fig. 9. The antimicrobial activity results reveals that the
metal complexes show higher antibacterial and antifungal activity than the free ligand, which was confirmed by larger
the sizes of inhibition zones (measured in mm, Table 3) of metal complexes against microorganisms than the free ligand
inhibition zone. The structural changes, type of chelations, solubility nature, dipole moment, size and permeability nature
may the reasons for the higher antimicrobial activity of metal complexes. Overtone’s concept [54] and Tweedy’s chelation
theory [55] were given the explanation regarding the enhancement of potential antimicrobial activity of metal complexes
against bacterial and fungal strains. Permeability nature is the key point of Overtone’s concept and according to this concept,
the lipid membrane around the cell favours the passage of only lipid soluble materials, which makes the liposolubility
property is a key factor and controls the antimicrobial activity. On the other hand, while establishment of chelation, sharing
of positive charge and delocalization of 7-electron cloud occurs, due to this reduction in polar nature of metal ions observed.
This process leads to increase in lipophilic nature of central metal atom intern raises its permeability capacity and potentially
enters in to the cell, thus they have destroyed more aggressively [56]. In this investigation, the results concluded that, the
Cu(Il) complexes have shown greater antimicrobial activity than other complexes, which may be due to smaller the atomic
radius and higher the electro negativity of Cu(ll) ion than Co(II), Ni(Il) and Zn(II) ions.

3.12. Antioxidant Activity

DPPH* (2,2-diphenyl-2-picryl-hydrazyl) free radical scavenging technique was employed to investigate the antioxidant
proficiency of synthesized metal complexes (1-4). Fig. 10 depicts the antioxidant activity of all metal complexes (1-4) along
with standard, ascorbic acid (AA). In the process of antioxidant activity experiment, the solution of DPPH containing odd
electron showed a strong absorption band at 517 nm in UV-vis spectroscopy. The stable DPPH® radical has deep violet
colour in its solution form, in combination with metal complex (antioxidant) the DPPH® radical neutralized an
in to 1,1-diphenyl-2-picryl-hydrazine, which was confirmed by turning of deep violet colour solution in to pale
and the antioxidant capacity can be measured by the decrease in its absorbance value at 517 nm. The follo
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Fig. 10. Antioxidant activity of complexes, 1-4 by DPPH radical scavenging assay.

used to measure the percentage scavenging activity of DPPH® free radical.
Percentage scavenging activity (%)=A,—A¢ /Ao x 100

Where, A, and A. are absorbance of DPPH® in the absence and presence of antioxidant (metal complex) [30]. In the
present study, it is observed that the free radical scavenging activity is increased by rising the metal complex concentration
and the activity of complexes is expressed in terms of ICsy values (50 % inhibitory concentration) [32] and are compared
with ICsq values of Ascorbic acid (AA), standard for antioxidant activity. Smaller the ICsy values indicates greater the an-
tioxidant activity of metal complexes. The ICsy values of metal complexes found to be 3.43 pM (1) 3.04 pM (2) 2.62 pM
(3) 3.66 uM (4) and 0.42 M (AA) respectively, indicating the Cu(Il) complex exhibits prominent antioxidant activity than
Co(II), Ni(I) and Zn(II) complexes.

Conclusion

Four biologically active metal complexes (1-4) have been synthesized from the novel Schiff base ligand (H,L) and char-
acterized by elemental, thermal and other spectroscopic techniques. The Co(II), Ni(ll) and Cu(Il) complexes are adopted a
square planar geometry where as octahedral geometry is assigned to Zn(II) complex with 1:1 metal-ligand stoichiometry.
The DNA interaction studies by UV-absorption, fluorescence emission and viscosity measurements showed that the metal
complexes binding to CT-DNA via intercalative binding mode. Further, it is found that the Cu(ll) complex showed higher
DNA binding activity than Co(II), Ni(Il) and Zn(Il) complexes. In oxidative and photolytic DNA cleavage studies, the effective
cleavage activity of metal complexes is shown against the pBR322 DNA. The antibacterial and antifungal activity studies
concludes that all metal complexes showed greater antimicrobial activity than free Schiff base ligand, among all metal com-
plexes, Cu(ll) complex exhibit better activity than remaining metal complexes. The DPPH® radical scavenging activity results
revealed that the Cu(ll) complex showed enhanced antioxidant activity than Co(Il), Ni(Il) and Zn(II) complexes but lower
than Ascorbic acid (AA), which is an antioxidant activity standard.
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