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ABSTRACT

Single crystals of Glycine Hydrobromide (GHB), a new semiorganic nonlinear optical material has been
grown from solution by slow evaporation method at room temperature. Formation of the new crystal has
been confirmed by single crystal XRD and IR spectra. GHB crystallizes in hexagonal system with cell
parameters a = 7.023 A , b = 7024 A, ¢ = 5.412 A. Optical transmission spectra revealed the optical
properties of the grown crystals. The thermal stability of the crystal is investigated using thermo-
gravimetric analyses studies. The NLO property of the crystal was confirmed by Kurtz SHG test.

Keywords: Characterization; Growth from solution; Nonlinear optic materials

INTRODUCTION

Complexes of amino acids with inorganic salts are promising materials for optical second harmonic generation
(SHG), as they tend to combine the advantages of the organic amino acid with that of the inorganic salt. Although
the salts of amino acids like, L-ariginine [1], L-histidine [2], L-alanine [3] and L-threonium [4] are reported to have
high second harmonic generation efficiency. In this paper, we are presenting a preliminary report on the growth and
characterization of a new complex of Glycine Hydrobromide (GHB), which is efficient in optical SHG. This is the first
complex of glycine with inorganic acid, which has NLO property.

Crystal growth

Equimolar ratio of high purity Glycine salt (Loba Chemie) and analar grade hydrobromic acid (HB) were taken and
dissolved in deionized water to synthesize GHB salt. The synthesized salt was purified by successive
recrystallization process. A saturated solution of GHB was taken and the solution was filtered using high quality
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filter paper. The filtered solution was taken in a beaker, which was tightly closed with thick filter paper so that the
rate of evaporation could be minimized. After 35 days a good quality single crystals were harvested (Fig. 1).

Characterization

The grown crystals of GHB were confirmed by single crystal X-ray diffraction analysis, using ENRAF NONIUS
CAD4 diffractometer. The functional groups were identified by Fourier transform infrared studies using BRUKER
66V FT-IR spec-trometer in the range of 400-4000 cm- 1. The optical properties of the crystals were examined between
200 and 1200 nm using Shimadzu UV-1061 UV-Vis spectrophotometer. The thermal behavior of the grown single
crystal was tested by STA 1500 thermal analyzer. The NLO property of the crystal was confirmed by Nd:YAG laser.
The detailed discussions of the obtained results are presented in the following sections.

RESULTS AND DISCUSSION

Single crystal XRD analysis

The structure of the grown crystal was solved by single crystal XRD analysis by direct method and retired by the full
matrix-least-squares technique using SHELXL program. The calculated lattice parameters are presented in Table 1. It
is observed from the XRD analysis that the GHB crystal orthorhombic structure.

FTIR analysis

The FTIR spectrum of GHB revealed at room temperature in the range of 400-4000 cm- ! is shown in Fig. 2. The
absorption due to carboxylate group of free glycine is observed at 504.2, 892.8 and 1614 cm- ¢, respectively. In GHB,
these peaks are shifted to 506.2, 886.8, 1618 cm- 1, respectively. Similarly, the absorption peaks due NH*2 group of
free glycine are observed at 111, 1131 and 1505 cm- %, respectively. These are shifted to 1114.7,1138.1 and 1510.7 cm-1,
respectively. Other peaks at 1088, 1384 and 2837 cm- ! are attributed to C-C-N, COO- and CH: groups, respectively,
from a comparison of the spectra with that of glycine [11].

Optical transmittance studies

The UV-Vis spectrum gives limited information about the structure of the molecule because the absorption of UV
and visible light involves promotion of the electron in o and 7t orbital from the ground state to higher energy states.
Transmission spectra are very important for any NLO material because a nonlinear optical material can be practical
use only it has wide transparency window. To find the transmission range GHB the optical transmission spectrum of
the GHF for the wavelengths between 200 and 1200 nm was recorded. A graph of transmission vs. wavelength is
shown in Fig. 3. From the graph, it is evident the GHB crystal has UV cutoff below 300 nm, which is sufficiently low
for SHG laser radiation at 1064 nm or other application in the blue region.

Thermal analysis

The TGA and DTA of the GHF crystal are shown in Fig. 4. From the thermogram it is observed that there is a single
stage of weight loss starting at 240 °C but the range between 50 and 200 °C no loss in weight is recorded. This
illustrates the absence of physically adsorbed or lattice water in the crystal. Hence, the compound is stable up t0240
°C. The total weight loss corresponds to nearly 82% and the resulting residue (29%) is stable up to 500 °C.

Nonlinear optical test

Nonlinear optical property of the GHB crystal was found by carrying at Kurtz SHG test. The crystal was ground into
powder and densely packed between two transparent glass slides. An Nd : YAG laser beam of wavelength 1064 nm
was made to fall normally on the sample cell. The emission of green radiation from the sample confirms the second
harmonic generation in the crystal.
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CONCLUSION

Single crystals of GHB, a new semiorganic NLO material has been grown in solution growth technique for the first
time. The lattice parameters were found by single crystal XRD technique. The FT-IR spectrum reveals that the
functional groups of the grown crystals. The good optical transmittance in the visible IR region and SHG conversion
efficiency makes the crystal a potential material for NLO applications. The melting point of GHB is found to be
240°C.
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Fig. 1. Photograph of GHB crystal. Fig. 2. FTIR spectra of GHB crystal.
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Fig. 3. Optical spectrum of GHB crystal

Fig. 4. TG and DTA spectrum of GHB
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ABSTRACT

The eyes are the windows to the body and eyesight is one of the most important senses. Brain perceive
up to 80 per cent of what comes through the sense of sight. Good Vision is an important indicator of
health and quality of life. The World Health Organization estimated thatl9 million children aged below
15 years are visually impaired globally. Twelve millions of these are due to uncorrected refractive errors
[1]. Digital learning and increased screen time triggered vide range of visual problems among school
children. Vitamin A plays a crucial role in vision by maintaining a clear cornea, helps to produce
pigments that make it possible to see the full spectrum of light. Vitamin A deficiency induced blindness
is very predominant among under-five children in developing counties. The aim of this study was to
assess parent’s knowledge on refractive error and attitude towards Vitamin A supplementation for
children. Descriptive cross-sectional study was conducted among the parents of children with refractive
error to assess the knowledge on RE and attitudes towards vitamin A supplementation to improve
vision. Study reveals that 43.33% of parents had above average knowledge, 53.33% of them had average
knowledge and 3.33% of mothers were had below average knowledge regarding Refractive error.
Majority of the Parents had favorable attitude towards Vitamin A supplementation to children for good
vision. In India Refractive error in children is a major public health problem, it requires concerted efforts
from various stakeholders including the health care workforce, education professionals and parents to
manage this issue. It's critical that parents to know all about the varied eyesight problems in children,
their causes, when to get eyes examined and preventive measures and care of eyes for good vision.

Keywords: Parents Knowledge, Refractive Error, Vitamin A, School children, Snellen’s chart,Visual
acuity.
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INTRODUCTION

Based on recent figures, it is estimated that 253 million people are visually impaired worldwide, with 36 million
people blind while 217 million have low vision. Globally uncorrected refractive error is the leading cause of visual
impairment (43%), followed by cataract (33%) [2]. URE is responsible for 18% of blindness worldwide, second to
cataract with two thirds of cases of visual impairment in children across the world. Good vision is an important part
for effective communication and learning. In this era children are depending E-learning platforms for reading,
writing and for entertainment. Computer and electronic gadgets are highly influenced by people especially young
children who in turn affect both physical and mental issues due to excessive usage and minimal outdoor activities.
When the vision suffers, pupil’s routine school work and day today activities also get disrupted. But they are not
mature enough to point out the deficiency at the early stage or the parents have no idea on developing vision
problem [3]. Refractive error is an error in the focusing of light by the eye and a major reason for reduced visual
acuity [4].In normal eyes parallel light is focused on the retina without accommodation, the emmetropia. Any optical
departure from this condition is called a refractive error or ametropia. Generally there are three types of refractive
errors are common among children. In Hyperopia condition parallel rays of light come to focus posterior to the
retina with the eye in a state of rest i.e. non accommodating., Myopia where parallel rays of light come to focus
anterior to the retina, and Astigmatism where the refractive power of the various meridians of the eye differs [5]. A
refractive error can be classified as spherical or cylindrical according to the type of the lens necessary to correct it [6].

Children who have vision problems could not concentrate on studies or on any other extracurricular or recreational
activities. If refractive errors are not detected early which might not only hamper children's physical, cognitive, and
psychosocial development, but also future employability and earning opportunities. Moreover, the child can suffer
from amblyopia (lazy eye), a condition where vision remains low even after wearing the glasses if refractive error is
detected late.A systematic review conducted on prevalence of refractive errors among children in India highlighted
that the overall prevalence of refractive error per 100 children was 8. The population-based prevalence of myopia,
hyperopia and astigmatism was 5.3 per cent, 4.0 per cent and 5.4 per cent, respectively. The prevalence of combined
refractive errors and myopia alone in schools was higher among girls and hyperopia was more prevalent among
boys than girls [7].According to the World Health Organization (WHQ) approximately 250,000-500,000 children in
developing countries become blind each year owing to Vitamin A deficiency, with the highest prevalence in
Southeast Asia and Africa[8].Poor eyesight is one of the first manifestations of Vitamin A deficiency. It leads to night-
blindness, Bitot’s spots, corneal xerosis and keratomalacia which is a major cause of blindness in India.

Need for the Study

Itis estimated that prevalence of Childhood blindness in India is 0.8/1000 children in <16 years age group, implying a
total of 300,000 blind children in our country [9]. About 60-80% of visual impairment may be due to refractive error
alone. Children form one of the major age groups requiring attention to refractive errors because of the high
prevalence of myopia, hypermetropia and astigmatism. A number of factors are responsible for uncorrected
refractive error. Vitamin A deficiency is one among them. Parents with Myopia are more prone to have myopic
offspring. Similarly, a child with high myopia is more likely to have myopic parents [10]. Research studies proved
that Sustained near work, accommodative variability, accommodative lag, decreased time spent outdoors, and
parental cigarette smoking are all recognized as environmental aggravating factors [11]. Poor vision and the inability
to read material written on the blackboard can have a serious impact on a child’s participation and learning in class
and this can adversely affect a child’s education, occupation and socioeconomic status for life [12]. Snellen’s chart
and ophthalmic missionaries and periodical eye examination are the diagnostic measures to detect refractive error.
There are various treatment choices are available for correction of refractive errors like spectacles, surgical correction
LAZER therapy eye exercises and yoga therapy. Prevention of refractive errors is avoiding of digital media,
consuming vitamin A rich food and regular eye check-ups. Vitamin A is a key for good vision, a healthy immune
system, and cell growth. Vitamin A deficiency is the second most important factor for global blindness. Every year
2,50,00 to 500,000 children become blind partially or totally due to vitamin A deficiency and it lowers the resistance
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power of these children against infection. The 1995 report global prevalence of vitamin A deficiency included
prevalence estimate of VAD among preschool children for two classes of indicators -clinical eye signs of disease and
low serum retinol concentration. Vitamin A deficiency is one of the major deficiencies among the lower economic
strata of India. In the fifties and sixties many of the states reported that blindness due to Vitamin A deficiency was
one of the major causes of blindness in children below five years. A five-year long field trial conducted by NIN
showed that if massive dose Vitamin A (200,000 units) was administered once in six months to children between one
and three years of age, the incidence of corneal exophthalmia is reduced by about 80 percent [13]. Subclinical vitamin
A deficiency may exist in developed countries and may be associated with different pathologies. Vitamin A dietary
sources are cod liver oil, eggs, milk, orange and yellow vegetables and fruits, green leafy vegetables [14].Uncorrected
RE’s is one of the major causes of avoidable blindness and low vision. A number of factors are responsible for
uncorrected RE’s. They are the lack of awareness of the problem, inability to recognize the problem at personal and
family level, non-availability and non-affordability of eye care services, and the cultural disincentives to compliance
[15]. Uncorrected RE’s can result in amblyopia and strabismus. It can restrict progress in education, limit career
opportunities and restrict access to information [16].

Hence it is essential to understand the awareness among family member, school teachers and general public in the
community to plan effective eye care programs to deal with this problem. Lack of awareness on visual impairment of
parents delayed recognition of RE and poor attitude on eye care are the main causes for correction of RE [17]. Clinical
Vitamin A deficiency often coexists with other micronutrient deficiencies and hence, there is a need for broad-based
dietary diversification programs aimed at improving the overall micronutrient nutritional status of children [18].
Myopia is a common cause of visual impairment which is usually acquired and nearly progressive. New cases
appear throughout the childhood, particularly between the ages of 6-15 years. A study was conducted at
Maharashtra (2009) to compare the magnitude and risk factors of uncorrected refractive error in 6-15-yearold school
children, study results revealed that prevalence of uncorrected refractive error especially myopia was significantly
higher in school children of urban area compared to children of rural schools. The study concluded that the
magnitude and causes of refractive error seem to differ in urban and rural areas of India [19]. Majority of the Parents
are unaware that children are susceptible to refractive error especially due to lifestyle and environmental factors and
they were vary about the potential chances of refractive error causing a debilitating condition. Though there are
varied options are available for correction of RE such as spectacles, contact lenses or refractive surgical procedures
[20]. But early detection and prompt management is the key for refractive error correction and food fortification with
vitamin A rich micronutrients is very essential to prevent subclinical micronutrient deficiency disorders among
children

Statement of the Problem
A study to assess parents’ awareness on refractive errors and attitude towards Vitamin A supplementation for
children

Objectives of the Study

» To assess parents knowledge on refractive errors among children

> To assess the attitude of parents towards vitamin A supplementation for children

» To find the association between the level of knowledge of Parents with the selected demographic variables

Hypothesis

H:: There will be significant level of knowledge on refractive error among parents

Hz: There will be positive attitude towards vitamin A supplementation for eye health

Hs: There will be significant association between the levels of knowledge of parents with selected demographic
variables.

49548



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Sindhu and Muthamilselvi

METHODOLOGY

Research Design : Descriptive Cross- sectional study

Population . In this study parents of school children with refractive error residing at selected villages
Setting of the study : Selected villages at Mahe

Sampling technique : Purposive sampling technique was used

Sample size : A total number of 60 samples were selected

Study Duration :1 month

Data collection procedure

» The investigator initially established rapport with parents explained the purpose of the study. Consent from the
subjects was obtained and confidentiality was maintained

» The investigator collected the data by using structured knowledge questionnaire and attitude questions to explore
the attitude towards vitamin A supplementation among60 parents.

Plan for Data Analysis Descriptive statistics:
»Frequency, Percentage. Mean and standard deviation

Inferential statistics
» Chi-Square test was used to identify the association between parents knowledge on refractive errors with selected
demographic variables.

Attitude

The attitude was measured by eight questions put on Likert’s scale and the score point ranged from 8 to 40.The
questions on Likert’s scale had positive and negative responses .The scoring system used with respect to
participant’s responses was, strongly agree 5, agree 4, neutral 3, disagree 2, and strongly disagree 1. The responses
were summed up and a total score was obtained for each respondent. The mean was calculated and those who
scored above the mean value had favorable attitude and the ones who scored less than the mean value had an
unfavorable attitude towards Vitamin A supplementation for children

Favorable attitude: Respondents who answered greater than or equal to the mean (31.18) attitude questions had a
favorable attitude.

Unfavorable attitude: Respondents who answered below the mean (31.18) attitude questions had an unfavorable
attitude.

Tool
Structured knowledge questionnaire. It contains 20 questions each correct response was given a score of 1 and a
wrong response a score of 0

RESULT AND DISCUSSION

Figure 1. Bar diagram shows that majority of parents 43.33% had above average knowledge, 53.33% of them had
average knowledge and 3.33% of them had below average knowledge level regarding refractive errors.

Table 1: Shows that among the total respondents, 34(56.66%) (95% CI: 51.6- 61.4) had favorable attitude towards
vitamin A supplementation for good vision.
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Table 2: Shows that there was a significant association between parents’ knowledge on refractive errors with some of
the variables like Age, educational qualification, and source of information at (p<0.05) level, where as religion,
number of children, type of family, monthly income, dietary pattern, occupation were not significant.

DISCUSSION

In this study 43.33% of parents had above average knowledge regarding refractive error among children. This
findings supported by the study conducted by Noof Ali Salim Al Ghailani.et al on 2020 to parents’ awareness and
perception of children’s refractive error-qualitative study. Result shows that majority of the parents were well aware
about refractive error[21].Majority of the Parents had favorable attitude towards Vitamin A supplementation to
children .This finding is supported by the study conducted by Lubna Abdulmalek, Fatma Benkhaial on 2018 at libia
shows 88% of the interviewed parents had a positive attitude of giving Vitamin A during campaign[22]. In this study
the knowledge regarding refractive error among parents with 21-30 years of age is more when compared to other
groups and educational qualification of parent’s shows significant association. This finding is agreed with a study
done by Srinivasa Reddy Pallerla, et al on awareness and knowledge about refractive errors and strabismus in South
Indian population[23].A cross sectional population based survey .Study concluded that younger people and females
were more aware of the refractive errors and strabismus. People with higher education had a higher awareness of
both refractive errors and strabismus

CONCLUSION

The following conclusions were made based on the findings of the study

» Majority of the parents had moderately adequate knowledge regarding refractive errors among students.

» Majority of the parents had favorable attitude towards Vitamin A supplementation

» The age of parents, educational qualification and source of information shows significant association with their
knowledge level at p<0.05* level

Nursing Implications
The scope of the study brought out the implications for nursing in the areas of practice, education, administration
and research.

Nursing Practice

Public enlightenment on refractive errors in childhood as well as health education of parents and teachers is
essential. Community eye health services including IEC activities should be considered as a useful tool for early
detection of refractive errors as well as the enhancement of treatment compliance and follow up adherence among
children with refractive errors. As per the latest report on Hindu, Vision problem on the rise among the children at
kerala. There for doctors and parents should encourage children to engage in more outdoor activities to decrease the
incidence of Refractive error.

Nursing Education

Children are the future of any nation. It is the responsibility of the health care providers especially nurses to prevent
the children from avoidable blindness due to uncorrected refractive errors which is an important aspect of various
programs at national and international level. Nursing curriculum should be such that it prepares the nursing
students to assist the client and the community in all aspects of health care

Nursing Administration
Nurse administrators can take initiatives in organizing vision screening camps at community level especially hard to
reach areas and conduct training programs for stakeholders how to detect refractive error using Snellen’s chart.
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Nursing Research

Nurses need to be engaged in multidisciplinary research so that it would help them to improve their knowledge and
skills in handling various problems related to health and illness. The present study can serve as a baseline data for
further nursing and other community-based research.
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Table .1 Attitudes of parents towards vitamin A supplementation for good vision

Variables Frequency Percentage
Favorable 34 56.66
Unfavorable 26 43.33

Table 2 :Association of parents’ knowledge on refractive error with selected demographic variables

(N =60)
Variables Knowledge level Chi-square Tabulated Value
Below Average Average Above average Calculated
Parents
f % f % f % Value
Age in years
20- 25 years 8 133 10 16.67 X2=23.422*
26— 30 years 2 33 2 33 4 666 df=6 -
16 26.6 8 13.33 Significant
31-35years ) 33 8 13.33 P=0.05
36— 40 years
No.of children
o wlmn | o | | R
Morethan two 2 3.3 8 13.33 16 26.6 P=0.05 Not significant
6 10.0 8 13.3
Educational
Pﬁi:‘;sy 2 | 33 0 0 X2=18.89*
Secondary 2 33 16 26.6 19 31.67 df=6 Significant
10 16.67 11 18.34 P=0.05
Gradate
Age of the child
12 years 14 23.33 14 23.33 X2=3.755
13 years 10 16.67 09 15 df=6 N
14 ;lears 2 33 4 | 667 | o7 | 1167 P=0.05 significant
Religion
Hindu 14 | 2333 18 30 X2=9.481
Muslim ’ 333 8 13.33 10 16.67 df=6 Not significant
Christian ' 6 10 2 3.33 P=0.05
Type of family
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Joint 16 26.67 11 18.33 X2=4.847 Not significant
Nuclear 2 3.33 10 | 16.67 17 28.33 df=6
Extended family 2 3.33 2 3.33 P=0.05
Dietary pattern
Vegetarian 20 33.33 08 13.33 X2=5.948
Non-veg 6 10.0 18 30 df=6 Not Significant
Egg- veg 2 3.33 2 3.33 04 6.67 P=0.05
Source of
information
ReI?rtil;/r?(sj:nd 6 100 4 6.67 X221 012
Mass media 2 33 | 6 | 100 | 10 | 1666 P‘f‘;:gs Significant
Health personal 16 | 26.67 16 26.67 e
Monthly
income
5000-10000 10 | 16.66 8 13.33 X2=4.530
10001-15000 9 333 12 20.0 12 20.0 =6 Not significant
15001-20000 ' 4 | 667 6 10 o005 9
>20000 2 3.33 4 6.67 o
Occupation
Unemployed 14 23.33 13 21.67 X2=2,042
Government job 2 3.33 2 333 04 6.67 df=6 Not significant
Private 12 20.0 13 21.67 P=0.05
60.00%
50.00%
40.00% -
30.00%
20.00%
10.00%
0.00% - . — - . |
Above average Average Below average

Figure 1: Frequency and percentage wise distribution of the subjects according to the level of knowledge on
Refractive error (N=60)
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ABSTRACT

Because of its simple construction, double pipe heat exchangers are extensively utilised in a extensive
variety of heat transfer applications, from oil refineries to automotive radiators. It is possible to boost the
heat transfer rate by applying several heat transfer augmentation methods, including dimples, which is a
passive approach with the lowest pressure drop. A CFD software called Ansys Fluent has been utilize to
calculate act of a twin pipe heat exchanger by then without dimples, and the layout that provides the
most effective heat transfer has been discovered. Data on the tube-side heat transfer coefficient as well as
pressure drop have been collected in this study. FEA-based CFD study will be used to analyse thermal
properties of the exchanger model.

Keywords: Double Pipe Heat Exchanger, CFD Ansys, , Meshing, Calculation Of Heat Exchanger,
conclusion

INTRODUCTION

It is possible to measure a substance's temperature by determining its energy content. Heating and cooling systems
employ heat exchangers for the transmission of energy. Controlling the temperature of both the entering and
departing streams is essential in process units. There are two types of streams: gases and liquids. The temperature of
these streams may be raised or lowered by using heat exchangers. This kind of gadget may be utilize to transfer heat
among two fluids which are detached by a solid wall. Heat is more easily transferred when there is a temperature
differential. Radiation, conduction, & convection all play a part in transmission of heat. Radiation occurs when heat
exchangers are utilize.
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Double Pipe Heat Exchanger

In its most simple form, a twin pipe heat exchanger is nothing more than a single pipe enclosed inside a bigger pipe.
One fluid travels within the pipe, while the other travels around it in an annulus. The heat transmission surface is
located on the inside of the pipe. In order to save space, pipes are often doubled back numerous times as indicated in
figure on left. As seen in figure, a heat exchanger with this particular design is also known as a "hairpin heat
exchanger". Compared to other forms of equipment, disassembly and cleaning is prohibitively expensive and time-
consuming. Double pipe exchangers are best suited for modest heat transfer surfaces, such as those between 100 and
200 square feet.

Types of Double Pipe Heat Exchangers:
1. Counter flow
2. Parallel Flow Heat Exchanger

Counter flow
When used in a proper counter flow pattern, a hairpin or double pipe heat exchanger has greatest total heat transfer
coefficient of any double pipe heat exchanger design. This allows for greater efficiency.

Parallel Flow

For high pressure and temperature applications, parallel flow heat exchangers are ideal. Using this, we can also get a
high Log mean Temperature. When Reynolds numbers are the same, pipes create greater turbulence than tubes
because of their rougher surface. Coefficients derived from tube-data associations are smaller & safer than those
derived from pipe-data correlations, & there are no pipe-data associations in literature. Organic liquids, aqueous
solutions, and gases may all benefit from these equations.

OBJECTIVE

The goal of this project is to build and assess a heat exchanger that is both efficient and effective. Reliability, cost-
effectiveness and practicality are the goals of the mechanism. Temperature measurements must be made possible by
this heat exchanger's ability to give restricted thermodynamic optimization. In addition, this system is designed to
improve the temperature and suitable circumstances for the user. Instead of creating every component from scratch,
this approach relies on commonly available and already in use components. For example, you don't have to spend a
lot of time and energy evaluating each part's integrity since they have previously shown their usefulness in the
actual world.

Selection of Exchanger Geometry
Tube outside diameter
Most general diameter in process industry is 19.05 mm (3/4 inch).

Tube wall thickness
For this, a well-known pressure vessel code must be used as a guide.

Tube length
However, a long thin exchanger may not be possible if the surface area is equal to the tube length.

Tube layout
However, if mechanical cleaning is not necessary, then 45 or 90 degree layouts are commonly used because of the
better heat transfer & hence smaller exchanger that they give.

Tube pitch

Unless a bigger pitch is required for mechanical cleaning or tube end welding, the lowest permissible pitch of 1.25
times outer diameter of tube is often employed.
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Number of tube passes
This is generally one or an even number (not typically greater than 16). Increasing number of permits increases heat
transfer coefficient but care must be taken to safeguard that tube side ov? is not greater than about 10,000 kg/m-s2.

Shell diameter
Shells with a diameter of up to 610 millimetres are often installed using standard pipe (24"). The shell is composed of
rolled plate on top of this. As a general rule, shell diameters fall between 152 and 3000 millimetres. (6" to 120").

Baffle type
By default, single segmental baffles are employed, however if pressure drop limitations or vibration are an issue,
different kinds of baffles may be considered. .

Baffle spacing
A compromise is reached between the need for higher cross flow velocity & tube support (a lower baffle pitch),
pressure drop limitations. The maximum and lowest baffle pitch may be found in TEMA's guidelines. .

Baffle cut
Single segmental baffles normally have a 45 percent retention rate, whereas double segmental baffles typically have a
25 percent retention rate.

Nozzles and impingement
For shellside nozzles gv? should not be greater than about 9000 in kg/m-s2. For tubeside nozzles maximum gv2should
not exceed 2230 kg/m-s2 for noncorrosive, nonabrasive single phase fluids & 740 kg/m-s2 for other fluids

Materials of Construction
Metal is most common material utilized in shell & tube exchangers, although graphite, plastic, & glass may also be
utilised for certain applications (e.g., those requiring strong acids or medicines).

Thermal Design

When designing a shell & tube exchanger, computer programmes like Heat Transfer and Fluid Flow Service (HTFS)
or Heat Transfer Research Incorporated (HTRI) are often used (HTRI). The engineer must, however, comprehend
the reasoning behind the computation. When calculating heat transfer coefficients &pressure drops, early judgments
must be taken on fluid allocation, front & back header type, shell type, baffle type, tube diameter, tube layout

Mechanical Design
Pressure vessel design codes like ASME's Boiler and Pressure Vessel Code & the British Master Pressure Vessel
Standard, BS 5500, are utilized to decide these values. 11 parts of ASME are most widely used heat exchanger code.

Double pipe Heat Exchanger
Calculation for Inner Circular Section
Diameter, d = 0.042m

Area, A = (ntd2)/4

Area, A = (3.14 x 0.0422)/4

Area, A =0.00138mz2

Velocity, V =0.125m/s

Hydraulic diameter, Ha = (4A/P)
Hydraulic diameter, Ha = (4 x 0.00138/0.15)
Hydraulic diameter, Ha = 0.0368m
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Mass flow rate, m = 0.A.V
Mass flow rate, m = 0.3 x.0.00138 x 0.125
Mass flow rate, m = 0.0517 kg/s

Calculation for outer section — Cylinder
Diameter, d = 0.0165m

Area, A = (ntd2)/4

Area, A =(3.14 x0.01652)/4

Area, A =0.000213m?

Velocity, V =0.125m/s

Hydraulic diameter, Ha = (4A/P)

Hydraulic diameter, Ha = (4 x 0.000213/0.15)
Hydraulic diameter, Ha = 0.00569m

Mass flow rate, m = 0.A.V
Mass flow rate, m = 0.3 x.0.000213 x 0.125
Mass flow rate, m = 0.00798 kg/s

Calculations required Heat Exchanger
Q=mCpT

Q = Efficiency of Heat Exchanger

m = Mass of System Tube

Cp = Pressure coefficient

T = Temperature of the fluid
Q=mCpT

Q = (0.0517) (4.187) (308)

Q =66.67KJ

DESIGN PARAMETERS:
Table 2 Material Used, Table3 Geometrical Dimension’s for DPHE ,Table 4: Flow rates for STHE.

Meshing

It is process of creating a polygonal or polyhedral mesh which approaches a geometric domain. Many people use
word "grid generation™ as a synonym for "grid power." Finite element analysis and computational fluid dynamics are
two common applications. CAD, NURBS, B-rep, and STL are just a few of the most prevalent input model formats
(file format). Interdisciplinary contributions may be found in mathematics, computer science and engineering. The
three-dimensional meshes used in finite element investigation must be made up of tetrahedral, pyramids, prisms, or
hexahedrons. The polyhedral shapes utilised in the finite volume approach are completely up to you. Multi-block
structured meshes are often utilised for finite difference techniques, which need hexahedron arrays that are
piecewise structured.

DISCUSSION ON CFD ANALYSYS RESULT
Figure's2to7

CONCLUSION

A CFD programme called Fluent is used to study performance of a twin pipe heat exchanger. Water-to-water heat
transfer properties were investigated using the simulation. In a twin pipe heat exchanger, temperature, pressure, and
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velocity are all absorbed by us. That's why our outcomes were better when we were using a double-pipe heat
exchanger. The following result shows that our goal of developing a heat exchanger design and conducting a CFD
study utilising restricted thermodynamic optimization was achieved. As shown above figures, Contour — Static
Pressure Result Max Value is 9.98 Pa, Contour — Pressure Coefficient Result Max Value is 1.04e03 Pa, Contour —
Density Result Max Value is 1.23 Kg/m3, Contour — Static Temperature Result Max Value is 3.58e2 K, Contour — Total
Temperature Result Max Value is 3.58e2 K. mechanism design is meshed and solved using CFD Ansys. This is
showing us that design is having better results in the case of velocity and pressure. The validation of the Double Pipe
Heat Exchangers Calculation for Inner Circular Section Area, A =0.00138m2 Velocity, V = 0.125m/s, Hydraulic
diameter, Ha = 0.0368m, Mass flow rate, m = 0.0517 kg/s, Calculations required Heat Exchanger, Q=m Cp T, Q =
66.67KJ.In CFD Analysis, the heat exchanger mechanism performed successfully. A larger proportion of time spent at
the pump's centre of gravity has increased its performance. All of these data indicate that our goal will be met with
great regard.
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Table 1: Dimensions of Double Pipe Heat Exchanger

S.No Parameter Dimension
1 Hot Pie Inner Dia 16.5 mm
P Outer Dia 21.5mm
. Inner Dia 42 mm
2 Cold Pipe Outer Dia 485 mm
Inner Dia 11 mm
3 Cold Pipe — Inlet
'P Outer Dia 12 mm
Inner Dia 11 mm
4 Id Pipe - |
Cold Pipe - Outlet Outer Dia 12 mm
5 Hot Pipe Length 750 mm
6 Cold Pipe Length 450 mm
Table 2: Material Used:
S.No Component Material
01 Shell SS
02 Tube Copper

49558



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences * www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997
Deepa and Anand Kumar S Malipatil

Table 3: Geometrical Dimension’s for DPHE

SL NO. | PARAMETER DIMENSION

1 Inner diameter Hot 16.5mm
Outer diameter pipe 21.5mm

’ Inner diameter Cold 42mm
Outer diameter pipe 48.5mm

3 Inner diameter Cold pipe 11mm
Outer diameter inlet 12mm

4 Inner diameter Cold pipe 11mm
Outer diameter outlet 12mm

5 Hot pipe length 750mm

6 Cold pipe length 450mm

Table 4: Flow rates for STHE
QUANTITIES BOUNDARY CONDITION
Working fluid Water
Inner pipe Hot inlet
(hot fluid) Mass flow rate=0.125kg/s
Temperature = 82.22¢
Outer pipe Cold inlet
(cold fluid) Mass flow rate=0.215kg/s
Temperature = 32.22¢

Figure 1 : Double Pipe Heat Exchanger
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ABSTRACT

A pre experimental study with pre test and post test with quantitative approach was conducted to assess
the effect of Video Assisted Teaching Module on Life Style Modification among Children with the risk of
Cardiovascular Diseases, in selected schools, Salem. Eight hundred and thirty children with the risk of
cardio vascular diseases were selected by using physiological screening scale and data was collected
from the children by using closed ended questionnaire to assess the knowledge, 5 point likert scale to
assess the attitude and rating scale to assess the practice of the children. Demographic data revealed that
the Highest percentage (33.7%) of children were in the age group of 12 years 1 month to 13 years.
Majority (93.25%) of children were belonged to non vegetarian. Most (78.8%) of children had the habit of
eating junk food. Highest percentage (71.1%) of children were not interested in playing physically active
game about duration of physically active play per day majority 87 (36.2%) of children were played for 31
minutes to 60 minutes. Highest percentage (70.2%) of children were had the family history of
hypertension, most (62.6%) of children were had family history of diabetes mellitus, majority (60.9%) of
children did not had the family history of cardio vascular diseases. Overall pretest mean percentage of
knowledge score was 28% whereas in post test it was 86% depicting a difference of 58%. Overall pretest
means % of attitude score was 25%, whereas in post test it was 91% depicting a difference of 66%.
Overall pre test mean percentage of PS was 42%. Whereas in post test it was 80% depicting the difference
of 38%.

Keywords: Video Assisted Teaching Module, Life Style Modification, Children with the risk of
Cardiovascular Diseases, Knowledge, Attitude and Practice.
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INTRODUCTION

“It is easy to build healthy children than to treat a diseased adult” Children are the ones who are very vital for
deciding how the world is going to be in future. So if one can do good in the life of a child then there can be change,
at least a mild change, in the world to come and if most of the people thinking in same way then all can hope a best
future. The main component which decides how the person is going to be in the future or the present is the amount
of education related to maintenance of health he/she has within them [1]. Cardiovascular disease refers to any
disease that affects the cardiovascular system, principally cardiac disease, vascular diseases and peripheral arterial
disease. The causes of cardiovascular disease are diverse but atherosclerosis and hypertension are the most common,
even in healthy asymptomatic individuals [2]. India has seen a speed transition in disease burden number of cases /
lakh over the past twenty years. The burden of communicable and non-communicable diseases is focused to get
reversed in 2020 from its distribution in 1990. This is mostly because of India’s economic development and
urbanization over the past one decay, the major portion of the people has moved to unhealthy lifestyles practices
with increasing stress levels, physical activity, and increasing intake of saturated fats and tobacco [11]. Primary
prevention of CVD beginning in early childhood includes both cardiovascular health promotion and reduction of
modifiable risk factors. Primordial prevention goes beyond prevention of risk factor development in children and
refers to “preserving risk-factor free societies from the penetration of risk factor epidemics”. This level of prevention
focused on community conditions that foster risk factor development. Two main strategies are recommended for
prevention of CVD across the life course, including children and adolescents [12].

Statement of the problem
A Study to Assess the Effectiveness of Video Assisted Teaching Module on Life Style Modification among Children
with the risk of Cardiovascular Diseases, Salem.

Objectives

To

¢ Assess the knowledge, attitude and practice of children regarding risk factors of cardiovascular diseases and life
style modification to prevent cardiovascular diseases.

o Assess the effectiveness of VATM on knowledge, attitude and practice on life style modification among children
with the risk of cardiovascular diseases.

METHODOLOGY

Research Design and Research Approach

Pre experimental pre test and post test without control group design with experimental approach was used to
evaluate the effect of the video assisted teaching module on life style modification among children with the risk of
cardiovascular diseases.

Setting of the study
The study was undertaken in private schools, out of 275 private schools in Salem district investigator selected one
school for pilot study and one school for reliability and five schools for main study by simple random method.

Population

Population selected for this study was all the school children with in the age group of 12 to 17 years in selected
schools, Salem. Total population of this study was 2288 school children.

49562



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997
Malairani

Sampling

Sample

Sample selected for this study was all the school children with in the age group of 12 to 17 years in selected schools,
Salem and who met with inclusion criteria.

Sampling size

The sample size of this study was 830 children with the risk of cardiovascular diseases. Power analysis was used for
selecting appropriate sample size, based on power analysis required sample size was 809 but additional 43 samples
were added to meet the expected attrition rate minimum 10% (809+43 = 852). So the investigator selected 852 school
children with in the age group of 12 to 17 years in selected schools, Salem after the drop out of 22 children the sample
size of the present study was 830 children.

Criteria for sample selection

Inclusive criteria

The study was limited to school children

- from 12 to 17 years of age.

- with the risk of cardiovascular diseases.

- who had the willing to participate in the study
- available during the time of data collection

- who can able to read and write English.

Exclusion criteria
The study was excluded the children with any other co - morbidities like hypothyroidism, cushing’s syndrome, etc..

Variables

Independent variable
Independent variable of this study was Specific intervention like Video Assisted Teaching Module on life style
modifications for children with the risk of cardiovascular diseases.

Dependent Variable
Dependent variable of this study was knowledge, attitude and practice of the school children with the risk of
cardiovascular diseases on life style modification to prevent cardiovascular diseases.

Description of the tool

Section -1 : Physiological checklist to screen the children with the risk of cardiovascular diseases.

Section - 2

Section — A: Demographic data to elicit baseline data of children.

Section — B: Closed ended questionnaire was used to assess the knowledge level of children regarding life style
modifications.

Section — C: Likert scale was used to assess the attitude level of children regarding life style modifications to prevent
cardiovascular diseases.

Section — D: Rating scale was used to assess the practice of children regarding life style modifications to prevent
cardiovascular diseases.

Video Assisted Teaching Module.
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Video assisted teaching module

Organization of the contents of VATM

» Meaning of cardiovascular diseases

Anatomy and physiology of heart and blood vessels
Structure of abnormal heart and blood vessels

Risk factors for cardiovascular diseases like

Y V VY

Physical in activity

Over eating of fast food items

Urbanization

Obesity

Type Il Diabetes and mellitus

Family History

High Blood Pressure and High Blood Cholesterol
Cigarette Smoking

Alcoholism

O 0O 0O O0OO0OO0OO0OOo0OOo

Life style modifications to prevent cardiovascular diseases in children such as

Reemphasizing the benefits of Heart-Healthy Nutrition

Daily physical activity and exercises

Maintenance of ideal body weight

Smoking and Alcohol avoidance

Routine physical examination and Health checkup for risky adolescent and Complementary and Alternative
medicine.

00000V

Validity

The video assisted teaching module (VATM) content and tool was submitted to the experts for content validity of the
tools. According to the suggestions and opinion of the experts corrections and modification were made. The expert
included were two pediatricians, one physician from cardiology, one statistician and four nursing experts in the field
of Pediatric Nursing. The VATM and tools was in English and it was validated by language expert.

Reliability

Reliability of the tool was tested by implementing on 20 school children with the risk of cardiovascular diseases.
Test-re-test method (Karl Pearson’s co-efficient of correlation) was used to find out the reliability of (knowledge
questionnaire) closed ended questionnaire (r = 0.897") correlation was significant at 0.01 level. The internal
consistency coefficient correlation of the items (Cronbach’s coefficient alpha) was used to find out the reliability of
attitude likert scale (r = 0.871) and practice rating scale (r = 0.794). Reliability of the weighing machine, stadiometer
and sphigmonanometer was tested by test re-test method.

Ethical consideration

Written permission was obtained from the management and principals of selected schools. Informed written consent
(assent) of school children were taken to participate in the study. To maintain the ethical consideration informed
about the data collection procedure and its importance to the sample’s parents/Guardians through school circular by
the principals of selected schools.

Data Collection Method

Selection of children with the risk of cardiovascular diseases

From the school children samples were selected by physiological measures such as

e Measuring height
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¢ Weight

e Body Mass Index (BMI)

¢ Blood pressure

e heart rate

The children with high Body mass index, high Blood pressure and abnormal heart rate were selected as samples for
this study and informed written consent was obtained from the selected school children with the risk of
Cardiovascular Diseases.

Pre Test

Pre test was conducted in selected school children with the help of closed ended questionnaire to assess their
knowledge on life style modification to prevent cardiovascular diseases, attitude of children on life style
modification to prevent cardiovascular diseases was assessed by five point likert scale and practice of children on life
style modification to prevent cardiovascular diseases was assessed by rating scale, the time taken by the children to
fill the questionnaire was approximately 45 minutes.

Presentation of VATM

Immediately after the pre test video assisted teaching module on life style modification to prevent cardiovascular
diseases was displayed to the selected samples in class wise each class room consists of around 50 children with the
risk cardiovascular diseases before the presentation adequate explanation given by the investigator about the
importance of the video, the video was displayed in the projector it was audible to all the children in that class room.
The time of video presentation was 30 minutes. After the VATM investigator given adequate explanation about the
risk factors of cardiovascular diseases and how to follow the life style modification to prevent cardiovascular
diseases followed by that children were allowed to ask their doubts, immediately investigator cleared their doubts
and appropriate explanation was given.

Post test

Evaluation was done by conducting post test after 30 days of presentation of VATM. The investigator visited the
school and conducted the post test. Children’s knowledge, attitude and practice was assessed by conducting the post
test with same questionnaire which was used for the pre test. The duration of post test was 45 minutes.

RESULTS AND DISCUSSION

Frequency and percentage wise distribution of Children with the risk of Cardiovascular Diseases according to
their demographic data.

Majority of children (33.7%) belonged to the age group of 12 years 1 month to 13 years. Majority (54.9%) were male
children. Majority (47.7%) of children were 7t and 8t standard. Majority (93.25%) of children were belonged to non
vegetarian. Majority (78.8%) of children had the habit of eating junk food. About interest in playing physically active
game majority (71.1%) of children were not interested in playing physically active game. About duration of
physically active play per day majority (58.0%) of children were played for 0 to 30 minutes. Majority (58.7%) of
children were had the habit of sleeping for 5 to 7 hours. About type of family (27.7%) of children were belonged to
nuclear family, about place of residence (50.4%) of children were belonged to urban area. Monthly income of the
family majority (55.4%) of children were had the monthly income of more than 11,000. Majority (39.2%) of children’s
fathers were belonged to secondary education. Majority (38.4%) of children’s mothers were belonged to secondary
education. Majority (55.8%) of children were had the family history of obesity. Majority (70.2%) of children were had
the family history of hypertension. Majority (62.6%) of children were had family history of diabetes mellitus.
Majority (60.9%) of children did not had the family history of cardio vascular diseases.
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Area — wise comparison of mean, SD and mean percentage of pre test and post test knowledge scores (KS) of
children with the risk of cardiovascular diseases.

Overall comparison of Mean, SD and mean% of pre test and post test knowledge score of the children on life style
modification in prevention cardiovascular diseases shows that the overall pretest mean percentage of knowledge
score was (8.26 + 2.61) which is 28% whereas in post test knowledge score was (25.67 + 2.17) 86% depicting a
difference of 58% revealing that the VATM was effective on knowledge of the children in life style modification on
prevention of cardiovascular diseases.

Area — wise comparison of mean, SD and mean percentage of pre test and post test attitude scores (AS) of
children with the risk of cardiovascular diseases.

Overall comparison of mean, SD and mean percentage of pre test and post test attitude scores (AS) of children with
the risk of cardiovascular diseases reveals that the overall pretest means % of Attitude score was (32.65 + 2.04) 25%,
Whereas in post test it was (117.8 = 10.7) which is 91% depicting a difference of 66% revealing that the VATM was
effective in attitude of the children with the risk of cardiovascular diseases in preventing Cardiovascular Diseases.

Area — wise comparison of mean, SD and mean percentage of pre test and post test practice scores (PS) of children
with the risk of cardiovascular diseases.

Overall comparison of mean, SD and mean percentage of pre test and post test practice scores (PS) of children with
the risk of cardiovascular diseases reveals that the overall pre test mean percentage of PS score was (31.37+ 2.06)
which is 42%. Wherever in post test score was (59.86 + 5.54) which is 80% depicting the difference of 38% revealing
that the VATM was effective on practice of the children in preventing Cardiovascular disease.

Effect of VATM on knowledge, attitude and practice on life style modification among children with risk of
cardiovascular diseases.

Frequency and percentage wise distribution of pre test and post test knowledge score of children with the risk of
cardiovascular diseases shows that in pre test 23% had very poor knowledge, 70% had poor knowledge, 7% had
average knowledge, in post test 2% had average knowledge, 6% had good knowledge and 92% had excellent
knowledge. It reveals that VATM was effective in improving the knowledge level of the children with the risk of
cardiovascular diseases. Frequency and percentage wise distribution of pre test and post test attitude score of
children with the risk of cardiovascular diseases shows that in pre test all the children 100% had negative attitude on
Life Style Modification in prevention of Cardiovascular Diseases. In post test 4% had neutral attitude and 96% had
positive attitude on Life Style Modification in prevention of Cardiovascular Diseases. It reveals that VATM was
effective in improving the attitude level of the children with the risk of cardiovascular diseases. Frequency and
percentage wise distribution of pre test and post test practice score of children with the risk of cardiovascular
diseases shows that in pre test all children 100% had poor practice on Life Style Modification to prevent
Cardiovascular Diseases. In post test 0.2% had poor practice, 71.9% had average level of practice and 27.9% had good
practice on LSM to prevent Cardiovascular Diseases. It reveals that VATM was effective in improving the practice
level of the children with the risk of cardiovascular diseases.
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Table .1 Frequency and percentage wise distribution of Children with the risk of Cardiovascular

Diseases according to their demographic data. N =830
Demographic data Frequency Percentage
Age (in years)
12 Yrs 1 Month to 13 Yrs 280 33.7
13 Yrs 1 Month to 14 Yrs 210 253
14 Yrs 1 Month to 15 Yrs 180 21.7
15 Yrs 1 Month to 16 Yrs 94 11.3
16 Yrs 1 Month to 17 Yrs 66 8
Gender
Male 456 54.9
Female 374 45.1
Class
7th and 8t std 396 47.7
gth and 10t std 246 29.6
11thand 12t std 188 22.6
Food habit
Vegetarian 56 6.7
Non vegetarian 774 93.3
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Habit of eating junk food
Yes 654 78.8
No 176 21.2
Interest in Playing games
Yes 240 28.9
No 590 71.1
Duration of physical active play
per day
0 to 30 mts 483 58.0
31 mts to 60 mts 287 35.0
61 mts to 90 mts 34 40
91mts to 120 mts 26 3.0
Duration of sleeping
5to 7 hours 487 8.7
8 to 10 hours 270 325
11 to 13 hours 73 8.8
Type of family
Joint family 230 21.7
Nuclear family 600 72.3
Place fresidence
Rural 412 49.6
Urban 418 50.4
Monthly income of the family
<2000 0 0
2001 - 5000 10 13
5001 - 8000 106 12.7
8001 - 11000 254 30.6
More than 11000 460 55.4
Father’s education
No formal education 130 15.6
Primary education 62 75
Secondary education 325 39.2
Graduate 313 37.7
Mother’s education
No formal education 210 253
Primary education 112 135
Secondary education 319 384
Graduate 189 22.7
Family history of obesity
Yes 463 55.8
No 367 442
Family History of hypertension
Yes 583 70.2
No 247 29.8
Family History of Diabetes
mellitus
Yes 520 62.6
No 310 374
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Family History of cardio vascular
disease
Yes 325 39.1
No 505 60.9

Table. 2 Area — wise comparison of mean, SD and mean percentage of pre test and post test knowledge scores

(KS) of children with the risk of cardiovascular diseases. N=830
Pre test score Post test score Effective-
Areas of Max ness in
knowledge Score Mean SD Mean % Mean SD Mean %
mean%
Introduction to
cardiovascular 1 043 0.496 43 1 0 100 57
disease
Risk factors
Risk factors 3 094 0.72 31 2.99 0.08 100 68
Hypertension 4 116 0.76 29 3.92 0.35 98 69
Obesity 2 061 0.69 31 1.92 0.31 96 66
Alcoholismand | 067 0.63 22 275 053 92 69
smoking
Physical 1 0.30 0.46 30 091 0.28 01 61
inactivity
Over eating of 1 026 0.44 26 092 0.25 92 66
fast food
Type2 diabetes |, 048 0.63 24 174 0.44 87 63
mellitus
Urbanization 1 0.24 0.43 24 0.84 0.36 84 60
High 1 027 0.44 27 072 0.44 72 45
cholesterol
Stress 1 0.29 0.45 29 0.72 0.44 72 43
Family History 1 0.28 0.45 28 0.70 0.45 70 42
Definition of
life style 1 0.21 0.41 21 0.67 0.47 67 46
modification
Life Style Modification
Heart healthy 3 0.80 0.68 27 201 0.67 67 40
nutrition
Introduction to
cardiovascular 1 043 0.496 43 1 0 100 57
disease
Smoking and
alcohol 1 0.29 0.46 29 054 0.49 54 25
avoidance
Physical
examination
and health 1 0.22 0.42 22 0.83 0.37 83 61
checkup
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Complementary
and alternative 1 0.35 0.48 35 0.99 0.09 99 64
medicine
Overall 30 8.26 2.61 28 25.67 2.17 86 58

Table.3 Area — wise comparison of mean, SD and mean percentage of pre test and post test attitude scores (AS) of

children with the risk of cardiovascular diseases. N=830
Areas of Max Pre test score Post test score Effectiveness in
. Score
Attitude Mean SD Mean % | Mean SD Mean % mean%
Hearthealthy | o 5 1.02 25 1815 | 167 o1 66
nutrition
Physical
activity and 20 6.23 0.97 24 213 2.23 85 61
exercise
Maintenance
of ideal body 20 6.30 1.35 25 22.95 2.29 92 67
weight
Smoking and
alcohol 16 5.08 0.78 25 18.19 1.64 91 66
avoidance
Routine
physical
examination 16 4.82 0.80 24 18.16 1.85 91 67
and health
checkup
Complementa
ry and 16 5.19 1.02 26 1899 | 211 95 69
alternative
medicine
Overall 104 32.65 2.04 25 117.8 10.7 91 66

Table.4 Area — wise comparison of mean, SD and mean percentage of pre test and post test practice scores (PS) of

children with the risk of cardiovascular diseases. N =830
Areas of Max Pre test Score Post test score Effectiveness
practice Score Mean SD Mean % Mean SD Mean % in mean%
Hearthealthy | = ., 1379 113 42 2613 | 220 79 37
nutrition
Physical
activity and 18 7.45 0.94 41 14.33 171 80 38
exercise
Maintenance
of ideal body 9 3.79 0.85 42 7.25 1.06 81 38
weight
Smoking and
alcohol 3 124 0.48 41 241 0.49 80 39
avoidance
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Routine
physical
examination 6 2.56 0.66 43 4.82 0.82 80 38
and health
checkup
Complementa
and
ryanc 6 251 052 42 491 0.79 82 40
alternative
medicine
Overall 75 31.37 2.06 42 59.86 5.54 80 38
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ABSTRACT

The food security is still a chief public concern, playing significant role for providing quality of life to
human beings. Several food safety regulations have been amended worldwide, still the governance on
food safety issues is relatively suboptimal as compared to the pharmaceutical and biological product
regulations. Assessment and differential diagnosis tools among food allergy, food intolerance, food
poisoning and food intoxications have scientifically evolved but still the need more precise and high
throughput screening tools. This communication consolidates the various food regulations, food-illness
managements, and modern analytical tools used for detecting the toxins and heavy metals. The analytical
techniques used in the assessment of food toxins and heavy metals are relatively expensive and involve
laborious procedure. At the end, we have postulated the key challenges and difficulties likely
encountered in the regulations and monitoring food quality.

Keywords: Food safety, heavy metals, analytical methods, mycotoxins, food regulations.

INTRODUCTION

There is a gradual growth in the global food demand as the world's populace lingers to grow. Food-borne illness is a
major concern to humans since the dawn of humanity. Therefore, food safety and nutritional security policies are
crucial for any nation for protecting the people from food-borne illnesses. In general, food-borne sickness or illness
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posed a threat to humanity in a variety of ways since the dawn of time [1]. To date, more than 250 microbes including
bacteria, viruses, and parasites are known to cause food poisoning, and they contaminate the food products at any stage of
food life cycle [2]. Most of the countries have their legal food regulatory bodies, and defined food safety standards to
monitor the food quality. Despite the existing food regulations, globally around 600 million people fall ill after
consuming tainted food, and amongst 4,20,000 people are dying every year [3]. The deaths are not only due to
microbial toxin, or other poisons, but also the heavy metals levels in food also alarming the serious health issues and
mortality. Accordingly, Food and Drug Administration (FDA) set the limit of heavy metals in foods, animal feed and
in cosmetic. Recently, FDA announced “Closer to Zero” action plan to address toxic metals in foods eaten by
children [4]. Indeed, the analytical methods playing crucial role in the detection of potential hazardous food
contaminants which are likely to be present at nano- to femto- levels e.g., mycotoxin or heavy metals. Different
contaminants in food products are mentioned in figure-1.

Food safety and its regulations

Following a public outcry in the twentieth century, the US Government adopted the sanitary slaughtering and
butchering regulations called “Meat Inspection Act 1906”. In 1947, “Mars Incorporated” turn out to be the first food
company to deploy metal detectors in their plants. In 1959, Hazard analysis critical control point (HACCP) was
established which has turned the food safety concepts from “reactive to proactive”. Subsequently, the National
Aeronautics and Space Administration (NASA) scientists designed a risk-based technique in production for
evaluating finished food products. In1980s, HACCP has become the principle of food safety evaluation procedures,
following this, food safety standards were enacted in every country [3] and they are presented below. The various
food safety authorities are namely, Food Safety and Standards Authority of India (FSSAI; Food safety and standards
Act’2006; Food safety and standards Rules’2011; India) [5], European Food Safety Authority (EFSA; General food law
regulations; Europe) [6]. Department of Agriculture, Fisheries, and Forestry (DAFF), Department of Health (DOH) &
Department of Trade and Industry (Agriculture Product Standard Act; 1990; South Africa) [7][8]. Food Standards
Australia New Zealand (FSANZ; The Food Act 1991; Australia and New Zealand) [9]. U.S. Food Safety Inspection
Service (FSIS; Federal Food, Drug, and Cosmetic Act (FD&C Act)-1938; USA) [10], Food Safety Commission of Japan
(FSCJ; ThelJapan Agricultural Standards Law’1950; The Food Safety Basic Act’2006; Food Sanitation Act
Amendment’2018; Japan) [11], State Food and Drug Administration’ 2003 (SFDA; China Food and Drug
Administration, or CFDA’ 2018; China) [12], The Food Standards Agency (FSA; Food Safety Act’1990 And
amendment 2004; United Kingdom) [13][14], The ministry of agriculture (MAPA; The Ministry of Health (MS) -
through its National Agency of Sanitary Surveillance (ANVISA)’ 1860; Brazil) [15].

Food safety issues

According to WHO, food safety, nutrition, and food security are interconnected. A "vicious cycle of disease and
starvation" is created by a shortage of safe food, affecting public health systems and lowering quality of life [16].
Every year, millions of people get infected with food-borne illnesses, and many die as a result. Although many of
these diseases can be avoided, this is an avoidable problem that hurts both people and the economy. Food safety
advancements can have economic and societal benefits in addition to preventing food-borne infections. Tainted
goods may enter the food chain if an effective food safety strategy is not adopted. Since they handle and carry the
cost of product recalls, firms suffer major disruptions in their operations if a defective product is detected. Definitely,
remarkable legal actions have been implemented on many risky food products and are summarized in Table-1 [17-
28].

Bacteria

The most common food-borne infections are due to Salmonella, Campylobacter, and Enterohaemorrhagic Escherichia coli,
Clostridium that harm millions of can be fatal. Symptoms include fever, headache, nausea, vomiting, abdominal
discomfort, and diarrhea [29]. Campylobacter infections are widespread through raw milk, raw or undercooked
chicken, and drinking water. Listeria is found in unpasteurized dairy foods and a variety of ready-to-eat foods and
causes miscarriages in pregnant women [30]. Vibrio cholera infects humans due to contaminated water or food.
Symptoms consist of abdominal pain, vomiting, and watery diarrhea, which may lead to severe dehydration and
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death. Antimicrobials (antibiotics) are needed to treat bacterial infections. Antimicrobial resistance is one of pressing
concerns (e.g., Salmonella through chickens) in the treatment [31].

Viruses
Hepatitis A, a long-term liver ailment blowout by eating raw or undercooked shellfish or infected raw foods.
Nausea, vomiting, watery diarrhea, and stomach pain are all symptoms of norovirus infections [29].

Parasites

Fresh fruits contaminated by Ascaris, Entamoeba histolytica, or Giardia, Cryptosporidium, which can be transmitted
through water or soil. Tapeworms, such as Echinococcus species and Taenia solium, can be diffused to humans by food
or direct contact with animals [32].

Prions

Prions are protein-based infectious pathogens that root neurodegenerative diseases. Human Creutzfeldt-Jakob
disease is allied to bovine spongiform encephalopathy (BSE, sometimes acknowledged as "mad cow disease")
(vCJD). The prion agent is transmitted to humans via the ingestion of bovine products that include identified risk
material, such as brain tissue [33].

Chemicals

Numerous toxins that include marine biotoxins, mycotoxins, and cyanogenic glycosides. Aflatoxin and ochratoxin
are mycotoxins found in staple foods (corn and cereals). Long-term exposure to these toxins harms the immune
system and lead to cancer. Dioxins and polychlorinated biphenyls (PCBs) are the by-products of industrial
progressions and rubbish combustion. They get accumulated in the food chains of animals and causes hormone
disruption, immune system damage, reproductive and developmental difficulties, and cancer. Pollution of the air,
water, and soil is the primary source of heavy metal contamination in food. Lead, cadmium, and mercury are heavy
metals that affect the brain system and kidneys [34].

Critical view on trans-fat in food

As per the traditional "diet-heart" theory, atheromatous plaques are formed due to high intake of saturated fats.
WHO also encourages food manufacturers all over the world to begin enforcing their efforts to reduce the risk of
heart attacks by removing industrially manufactured trans-fat or trans fatty acid (TFA) from their edible products.
According to the conventional diet-heart hypothesis, there is a link between dietary lipids and blood cholesterol
levels, as well as cholesterol levels and congestive heart failure (CHD) risk [35]. Effect of trans-fat mechanism in
human disorders is mentioned in figure-2.

Heavy metals in food and their assessment

Metals and metalloids whose atomic number is >20 and density > 5 g cc-1are known as heavy metals (HMs). HMs
are of two categories namely essential and nonessential heavy metals. Essential HMs (Cu, Fe, Mn, Co, Zn, and Ni)
are required by living organisms for their growth and development, and metabolism. Nonessential HMs (Cd, Pb,
Hg, Cr, and Al) are those which are not essential by the body and their presence even in a trace amount also can lead
to toxicity and affect the health [36]. Heavy metals should be given superior attention all over the globe because of
their toxic and mutagenic effects. The World Health Organization (WHO) and the Food and Agriculture
Organization of the United Nations (FAO) recommended maximum permissible level (MPL) of Cu (73.3 mg/kg), Zn
(994 mg/kg), Ni (67.9 mg/kg), Fe (4255 kg/g), Cd (0.2 mg/kg), and Pb (0.3 mg/kg) in vegetables for human
consumption. FAO had also recommended the MPL of Fe (0.01mg/kg), Cu (0.05-0.5 mg/kg), Cd (0.5 mg/kg), Pb (0.1
mg/kg), Zn (0.3-1.0 mg/kg), Hg (0.1 mg/kg), Cr (0.05 mg/kg) in meats for human consumption [37]. So, if heavy
metals concentration in food and food product exceeds the MPL then it may lead to serious health consequences.
Different Analytical techniques used in detection of heavy metals in foods are mentioned in table-2 [38-47].
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Analytical techniques in the assessment of food toxins

As on today, chromatography is the preferred analytical tactic among the several analytical techniques available for
determining the contaminants and residues of varied types. Non-polar toxins have been identified using gas
chromatography-mass spectrometry (GC-MS), while liquid chromatography-mass spectrometry (LC-MS) has been
used for polar compounds. However, for thermo-labile toxins LC-MS is most recommended [48]. Hydrophilic
interaction liquid chromatography (HILIC) and supercritical fluid chromatography (SFC) are other methods for
identifying typical polar compounds [49]. as the alternatives. Due to the low abundance of toxin in the food product
and high matrix interference, often liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gas
chromatography-tandem mass spectrometry (GC-MS/MS) [50] are highly recommended. The interface of
electrospray ionization (ESI) or atmospheric pressure chemical ionization (APCI) are used for polar and non-polar
compounds, respectively. In recent time, LC-HRMS has gained much importance in screening of wide range of
nano- or femto- level chemical toxins for its greater selectivity and sensitivity. The LC-HRMS has been employed for
target, post-target, and non-target analysis, but not in GC [51]. The stationary phase used are C18, C8 and Phenyl
columns for non-polar contaminants, whereas HILIC, cyano and amino columns used for polar compounds.

In focus, GC-MS is the widely used technology for detecting non-intentionally added substance (NIAS) like
hydrocarbons, phthalates, bisphenol A (BPA) in food and food packaging products. For the analysis of numerous
food contact material (FCM) and food contact article (FCA) contaminants such as perfluoroalkyl chemicals (PFCs),
peroxyacetic acid(PAAs) etc., the LC-HRMS technique using TOF or Orbitrap mass analyzers has recently been
introduced. The other routine techniques are, thin-layer chromatography (TLC), enzyme-linked immunosorbent
assay (ELISA) and biosensor-based screening. The techniques mentioned above are used to determine the presence
of mycotoxins, and they are remains unaffected by the sample processing and other physical, chemical, or biological
procedures [52]. Raman spectroscopy and hyperspectral imaging (HSI) hyphenated with X-ray or near infra-red
(NIR) techniques can be used to inspect the quality of a variety of foods [53]. The shelf life of food items can be
increased through irradiation techniques. EBI is a cutting-edge food reprocessing technique that uses low-dose
ionizing radiation to kill microbial contaminants in crops and food. In contrast, electron beam ionization (EBI) is a
decontaminating tool, used to slow crop propagation and slows down the ripening of vegetables and fruits,
extending their shelf life [54].

CONCLUSION

Though, numerous specialized food regulations at all stages of food manufacture to prevent cross-contamination,
there has been still a risk of food contaminations. There is a need for continuous improvement in the monitoring and
evaluation of food products for their safety in-terms of microbial contaminations and heavy metals. The accessibility
of food testing with less expensive analytical technique needs to be ensured for high throughput screening. There is a
need of more advanced technologies and regulatory mechanism for real-time testing of food quality especially for
packed and frozen foods. This would benefit people's health and regulatory authorities for precise control of food-
borne ilinesses.
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Banned Food Description of prohibitions and

S.NO product & restrictions Year Remarks
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Al-Sh h . -
1 Samosa To the Al-Shabaab group, the 2011 The form is reminiscent of the

shack's triangular shape appeared

to be a symbol of Christianity. Christian Holy Trinity.
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) Tomato According to recent dietary 2011 To encourage school-children
' Ketchup standards in schools, to eat nutritious foods
3 Kinder Non-nutritive items are embedded 2022 The hidden toy could be a
' surprise eggs in candies choking hazard.
" Chewing gum To keep the streets clean and stress- 1992 To keep the streets clean and
free stress-free
Jelly mini cups | E425 - konjac gum can be a choking 2020 Children may face choking
5. (25 Countries) hazard hazard as a result of a food
ingredient.
Unpasteurized ) o
raw milk & Listeria, E. coli, and Campylobacter 1987 Pasteurized m|II.< is the best
6. dairy products can cause food poisoning alternative.
(FDA)
Beluga Caviar Beluga sturgeon is a highly The Beluga sturgeon is a
7. (Worldwide) endangered fish species that needs 2005 severely endangered fish
to be protected. species.
8 Sassafras Oil | Carcinogenic agentand used as a 1979 Kidney and liver damage
Hallucinogen
Maggi 1.Excessive lead, inaccurate
labelling “No added MSG” and The product was recalled.and
9. (Product marketing of a non-standardized 2015 destroyed due to excessive
Recall) food product, such as Maggi Oats lead levels.
Masala Noodles with tastemaker.
Potassium This substance cause cancer as per . .
10. Bromate in International Agency for Research 2016 Carcinogenic
bread on Cancer
Citrus Presence of Brominated Vegetable 2020 .Thyr0|.d dn‘flculFles and a. rse
11. flavored oil (BVO) in the risk of Schizophrenia are
drinks both linked to BVO.
12 Raw Almonds | Considered unlawful for possible 2007 Raw almond skins are difficult
' toxins and release of cyanide to digest.
13 Durian Despite its deliciousness, the fruit 2019 Stomach discomfort, diarrhea,
' stinks a lot. allergy
) 2020
1 MoDuntam Chemicals in the drink cause (declared Birth abnormalities,
' ew serious health problems. unsafe in schizophrenia, and deafness
1970)
Junk foods in Fat, salt, and sugar content are all 2019 Obesity and cardiovascular
15. School ; .
high (HFSS) disease.
canteen
Table 2: Different Analytical techniques used in detection of heavy metals in foods [38-43].
. . Analytical
S.No Food Heavy metal Maximum Quality detected Technique
0.48-10.57;0.01 - 0.39; 0.2- 2.45; and
! tea Pb, Cd, Cr, Cu 7.73-63.71 mg/kg, respectively HRCS-AAS
5 Meat Cd, Pb, Fe, Zn, Se, Mn, 0.6-3.9; 1-2.1;05-3.3; 0.7-5.1; 9- 44; ICP-MS,
Cu, Mo 3.1-16.7; 0.3-132; 0.9-3.2 ug/100g ICP-DRC-MS
3 Chocolate Pb, Cd, As, V, Cr, Sb 0.545 + 0.070, 0.050 + 0.006, 0.013 + ICP-MS
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and Se 0.002,0.094 +0.013, 0.952 + 0.097,
0.027 £ 0.003 and 0.047 + 0.007 mg/kg,
respectively
4 Turmeric Mn, Cu, Fe, Zn, Rb 44.1:19.7;536; 17.'3; 85.2 mg/kg XRF and AAS
respectively
5 Infant;iflcl)(rmula Fe, Se, and Zn 82.7;0.14; and 34.7 ug/g respectively NAA
. 0.570+0.48, 0.510+0.031, 0.431+0.021
6 M Fe,Zn,C dN ' ' . ' AAS
ango & 4N, Loand i 0.106+0.003 mg/kg respectively.

ppb - parts per billion, mg/kg — milligram per kilogram,

ppm — parts per million, pg/L — microgram per liter, pg/kg —

microgram per kilogram, mg/L — milligram per liter, pg/100g — microgram per 100 grams, ng — nano grams, ug/g —

microgram per gram.

Physical Chemical Microbial Allergens
1. Micro-plastics 1. Bio-toxins 1.E.Coli 1. Milk.
2. Hair 2. Heavy metals 2.Salmonella, 2. Eggs.
3. Fibres 3. NIAS 3.Campylobacter 3. Fish.
4. Bones 4. FCM 4LJstar1‘§l 4. Crustacean shellfish.
5. Soil 5. FCA 5.Clostridium 5. Tree nuts.
6. Stones 6. Trans fat 6.Vibrio cholera 6. Peanuts.
7. Fabrics 7. Degraded products 7 Hepatitis A Virus 7. Wheat
8. Metal pieces g Acrolein E‘ﬂscarfs. R 8. Soybeans.
10. Container contaminants  10.Giardfa, ?D Eﬁ I?;‘iﬁjr“ergy
11. Fertilizers 11.Cryptosporidium 1M T‘ “gy
12. Pesticides 12.Echinococcus 1.Mollusc allergy
13.Taenia solium 12.Mustard allergy
14.Prions 13.Sesame allergy
15.Aspergillus 14, Sulphur allergy
16.Fusarium
17.Penicillium
18.Byssochlamys

Cooking / Fut denstured source ! nbnormal storge

Ha. ¢ i B o

\a of o o o’ Trans-Fat (Biokagical unsafe)

Inflammation

taeinaibn B

| Endothelal - cell funetion Matabolie syndrome

|

Atherosclerosis, Stroke, Obasity and type 2 diabetes
& mutagenicity

/

Figure 1: Different contaminants in food products

Figure 2: Effect of trans-fat mechanism in human
disorders
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ABSTRACT

Sesame (Sesamum indicum) is the most important edible oilseeds in India. In recent years, the sesame area
under cultivation was replaced by other oilseed crops. At this juncture, this study was carried out in
India with the following specific objectives: i) to analyse the trends in the area, production and
productivity of sesame in India and ii) To offer policy suggestions based on the results of the study. The
Annual Report of the Ministry of Agriculture and Farmers Welfare, Government of India was used to
collect secondary data and trend analysis was done using Statistical Package for Social Sciences
(SPSS).The results of the study concluded that the area, production, and productivity of sesame were
increased in India over the past twenty years. Even though there was an increase in the trend in the
productivity of sesame, India's average sesame productivity (474kgs/ha) was lower than the world's
average productivity (512 kgs/ha). As sesame is a traditional oilseed crop in India, the area and
production of sesame crop (17,22,670ha and 8,16,810 tonnnes) were lower than groundnut crop (60,14,950
ha and 1,02,44,080 tonnes).The study suggested that the sesame development programme with the
consideration of regional specific constraints will be carried out to attain self-sufficiency in edible oil
sector.

Keywords: CAGR, Trend Analysis, Sesame Area, Production, Productivity.
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INTRODUCTION

India spends a considerable amount of valued foreign exchange on the import of edible oils, to meet the demands of
its growing population. In India, Sesame (Sesamum indicum) is the most important edible oilseeds and is frequently
referred to as the “Queen of oilseeds. India's longest history of sesame farming makes it the oldest native oil plant.
The crop is currently farmed in a variety of agro-ecological conditions, from temperate areas to semi-arid tropics and
subtropics and also has a wide variety of cultivars and cultural techniques. At this juncture, this study was carried
out with the following specific objectives: i) To analyse the trends in the area, production and productivity of sesame
in India and ii) To offer policy suggestions based on the results of the study.

RESEARCH METHODOLOGY

Sampling

The present study was carried out to analyse the area, production and productivity of sesame in India. The data was
collected from the Ministry of Agriculture and Farmers Welfare, Government of India. (ON2930), and an orthogonal
polynomial approach was used to estimate trends in the area, production, and productivity using a twenty-year data
set (2001-2002 to 2020-2021).Data analysis and processing were done using Statistical Package for Social Sciences
(SPSS). The tabular values of the required number of observations (N=20) were taken from the statistical table.

Tools of Analysis

Compound Growth Rate

Growth rates were used to measure the past performance of the economic variables. The growth in the area,
production and productivity of Sesame for the period 2001-2002 to 2020-21 was analysed by using the exponential
growth function.

Compound growth rate analysis was done using the following formula,

Y= abtUt

Where,
Y= Dependent variable for which growth rate wasestimated

(Area, production, yield in year “t”);

a = intercept;

b = Regression coefficient;

t = Year which takes values 1, 2....n;

Ut= Distribution term in a year “t”.

The equation was transformed into log-linear and written as

Log Yi=log a+tlogb+log U

The equation was estimated by the using Ordinary Least Square (OLS) technique.

The compound growth rate (g) was then estimated by the identity given in the equation.
g = (b-1) x100

Where,

g = Estimated compound growth rate per annum in percent,
b= Antilog of log b.

The statistical significance was tested by using the “t” test.

49581



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Jeevamathi and Srinivasan

RESULTS AND DISCUSSION

Estimated Area, Production, and Productivity Growth Rates for Sesame in India

The acreage, output, and productivity of sesame in India increased significantly between 2001 and 2021, as given in
Table. The highest sesame area (20,83,200 hectares) occurred in 2010-2011, while the least was recorded in 2018-2019,
(1419,970 in ha). The maximum output (8,93,000 tonnes) and productivity (485 kg/ha) were obtained in the years
2010-2011 and 2018-2019, respectively. There has been positive growth in the area, output, and productivity over the
last 20 years.

Trends in Area

Overtwenty years, the India's compound annual growth rate has revealed adownward trend pattern (2001-2002 to
2020-2021). The compound annual growth at the 1% level of significance is -0.2 per cent (table 2), which is also
statistically significant. It indicated that over the recent decades, the area of sesame has decreased.

Trends in Production

Beyond twenty years, the total compound annual growth rate of production has displayed a positive trend (2001-
2002 to 2020-2021). At the 1% level of significance, the production has indicated a compound annual growth rate of
1.4per cent (table 3), which is also statistically significant. It describes that sesame production has risen over the last
decades.

Trends in Productivity

Beyond twenty years, the total compound annual growth rate of productivity has shown a positive trend (2001-2002
to 2020-2021). At the 1% level of significance, the productivity growth rate over the last year was 1.3per cent (table 4),
which is statistically significant. It indicates a rise in sesame productivity during the last twenty years.

CONCLUSIONS

The results of the study concluded that the area, production, and productivity of sesame were increased in India over
the past twenty years. Even though there was an increase in the trend in the productivity of sesame, India's average
sesame productivity (474kgs/ha) was lower than the world's average productivity (512 kgs/ha). As sesame is a
traditional oilseed crop in India, the area and production of sesame crop (17,22,670 ha and 8,16,810 tonnnes) were
lower than groundnut crop (60,14,950 ha and 1,02,44,080 tonnes).The sesame development programs with the
consideration of regional specific constraints will be carried out to attain self-sufficiency in edible oil sector.
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Year Area (in ha) Production (in tonnes) Productivity (in Kg/ha)
2001-2002 16,70,600 6,97,800 418
2002-2003 14,44,400 441,300 306
2003-2004 17,00,300 7,82,100 460
2004-2005 18,44,000 6,74,100 366
2005-2006 17,23,200 6,41,100 372
2006-2007 17,03,200 6,18,400 363
2007-2008 17,99,100 7,56,900 421
2008-2009 18,09,100 6,40,300 354
2009-2010 19,42,100 5,88,400 303
2010-2011 20,83,200 8,93,000 429
2011-2012 19,01,500 8,10,300 426
2012-2013 17,05,800 6,85,000 402
2013-2014 16,78,900 7,14,600 426
2014-2015 17,46,100 8,27,800 474
2015-2016 19,50,900 8,50,100 436
2016-2017 16,66,930 747,030 448
2017-2018 15,79,770 7,55,430 478
2018-2019 14,19,970 6,89,310 485
2019-2020 16,22,600 6,57,540 405
2020-2021 17,22,670 8,16,810 474

Mean 1735717 714366 412.3

SD 161534.09 104921.09 53.85

CVv 9.31 14.69 13.06

Table 2 Compound Growth Rate of Area of Sesame in India

‘F’ value 0.228
R2 0.581
CAGR -0.2*

Source: Ministry of Agriculture and Farmers Welfare, Government of India. (ON2930)

(CAGR - Compound annual growth rate per cent per annum.- Significant at 1% level of significance)

Table 3 Compound Growth Rate of Production of Sesame in India

‘F’ value 4.156
R2 0.628
CAGR 1.4*

(CAGR - Compound annual growth rate per cent per annum. *- Significant at 1% level of significance)

Table 4 Compound Growth Rate of Productivity of Sesame in India

‘F’ value 10.613
R2 0.327
CAGR 1.3%

(CAGR - Compound annual growth rate per cent per annum. *- Significant at 1% level of significance)
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ABSTRACT

In this paper, the proposed approach provides the solution for the game matrix, and these payoffs are
represented by trapezoidal fuzzy numbers. Also, we used some operations on trapezoidal fuzzy numbers
to provide the fuzzy optimal solution, and the solution method is illustrated by using some numerical
examples.

Keywords: Fuzzy set, Trapezoidal Fuzzy number, Fuzzy Arithmetic, Fuzzy game problem, Fuzzy
ranking method, Dominance method.

INTRODUCTION

Game theory is the study of strategic decision making; it provides the mathematical process for selecting an optimal
strategy. Game theory was invented by John von Neumann and Oskar Morgenstern in 1944. It has been applied to a
wide variety of situations in which the choices of players. In decision making, the outcomes are controlled by the
player’s pure chance or mixed strategy. In real-life situations, the imprecise natures of strategies are uncertain.
Sometimes these problems cannot solve by using classical mathematical techniques, in this case, fuzzy sets were
introduced by Zadeh in 1965, to handle these problems in an efficient way. In this paper, we considered the game
payoff matrix with imprecise values and all these imprecise values are assumed to be Trapezoidal Fuzzy numbers.
An approach for solving problems by using ranking of the Fuzzy trapezoidal numbers has been considered. In this
approach we converted the fuzzy valued game problem to crisp valued game problem to solve a fuzzy game
problem by using the dominance method.
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This paper organized as follows: In section Il, recapture the some basic concepts of Fuzzy sets, fuzzy numbers and
their arithmetic operations. In section Ill, we presented the Mathematical formulation of a Game problem. In section
1V, we proposed a dominance method for the solution of fuzzy games. In section V, we illustrated the efficiency by
using numerical examples. Section VI, gives the conclusion of this study.

Preliminaries
The aim of this section is to present, some important notations and results which were useful for the further
discussion.

Fuzzy set

Let X is a nonempty set. A fuzzy set A in X is characterized by its membership function A— [0, 1] and A(X) is
interpreted as the degree of membership of element x in fuzzy A for each x € X. The mapping A is called as the
membership function of fuzzy set A. The value ‘0’ is representing complete non-membership and the value ‘1’ is
represents complete membership. The values in between are represents intermediate degrees of membership. That
is, the integration of the elements having a changing degree of membership in the set is called as fuzzy set.

Fuzzy Numbers

A Fuzzy set A defined on the set of real numbers R is said to fuzzy number if its membership function pa: R — [0, 1]
has the following characteristics.

A is normal that is there exist an x € R such that pa(x)=1

A'is convex that is for every x;,x, € R, pa(Axa+(1-A)x22min {ua(Xs),la(x2)},A€[0, 1]

Ma is upper semi-continuous

Sup (A) is bounded in R

0
o

0
o

0
o

o

K3
o

Triangular Fuzzy number
A fuzzy number A is a trapezoidal fuzzy number denoted by A=(a1,az,as,as) where ai,az,as,as are real numbers and its

x—a,
2 <x<
ap-a, ' a;=sx =ap

. L 1 , A S x=<a

membership function is given by  p, = z 3

a,—x
| a,—a;
Lo

Without lost of generality we represent the trapezoidal fuzzy number A=(a1,az,as,a4)=([az,as],«, p)=(m, w, a ,8) , where

m= (z’zzﬂ) and w = (%) are the midpoint and width of the [az,as] respectively. Also a = (a, — a,) denotes the left
spread and 3 = (a, — a3) denotes the right spread of the trapezoidal fuzzy number.

, a3 S x S ay

, otherwise

Ranking of Trapezoidal Fuzzy number

There are so many ideas regarding ranking of fuzzy numbers in the literature. An effective result for comparing the
fuzzy numbers is by using ranking function based on their grade means. That is, for every A=(ai,azasa«)eF(R), the
ranking function R : F(R) —» R by graded mean is defined as R(4) = [(322&) + (%)] Here F(R) denotes the set of
all trapezoidal fuzzy numbers defined on R. For any two arbitrary numbers A=(a1,a2,as,a4) and B=(b,bz,bs,bs) in F(R),
we have the following comparison:

i) A<Biff R(A)< R(B)

i) A>Biff R(A)> R(B)

iii) A=B iff R(A) ~ R(B)

Arithmetic operations on Trapezoidal Fuzzy numbers
For arbitrary trapezoidal fuzzy numbers A=(m(a),w(a),a, B1) , B=(m(b),w(b),az, B2) and *={+,— %<} the arithmetic

operations on trapezoidal fuzzy numbers are defined by
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AxB=(m (a) » m(b),w(a) vw(b),a; V a;, BV B,)

=(m (a) * m(b), max{w(a) ,w(b)},max {a;, a,}, max{p:, [32})
Here the midpoint is taken in the ordinary arithmetic, whereas the width, left and right spread are considered to
follow the lattice rule, i.e., for a, b €L definea v b = max {a, b}and a A b =min {a, b}.

In particular for any two trapezoidal fuzzy numbers A=(m(a),w(a),az, p1) ,B=(m(b),w(b),az, B2) , we define
% Addition: A+B=(m(a),w(a),ct, f1) + (m(b),w(b),az, B2)

=(m (a)+m(b), max{w(a) w(b)},max {a;, a,}, max{p, [32})
% Subtraction: A-B= (m(a),w(a),c, 1) - (M(b),w(b),az, [32)

= (m (a)+m(b), max{w(a) w(b)},max {a;, @,}, max{p1, [32})
% Multiplication: AxB= (m(a),w(a),as, p1) x(m(b),w(b),cz, B2)
= (m (a)xm(b), max{w(a) w(b)} max {a;, @,}, max{p1, [32})

% Division: A+B = (m(a),w(a),as, p1) =(m(b),w(b),a, B2)

= (m (a)=m(b), max{w(a) w(b)}.max{a;, a,}, max{p1,3,})

MATHEMATICAL FORMULATION OF A GAME PROBLEM

i. Player: Each participant of a game.

ii. Strategy: The strategy of a player is the predetermined rule by which a player decides his course of action from
the list of courses of action during the game, ie., pure and mixed strategy.

iii. Optimal Strategy: The course of action which maximizes the profit of a player or minimizes his loss.

iv. Payoff: The outcome of a game.

v.  Payoff Matrix: The payoffs are represented in the form of matrix.

vi. Saddle Point: It is an element of the payoff matrix, in which where the maximum of row minima coincide with
the minimum of the column maxima ie., the equilibrium point.

vii. Value of the Game: The expected outcome of the game i.e., the pay off at the saddle point.

viii. Fair game: The game is said to be fair; if the value of the game is zero, i.e., the gain of the first player and loss of
the second player will be equal to zero.

ix. Strictly determinable: The game is said to be strictly determinable; if maximin=minimax=value of the game.

X.  Trapezoidal Number: If all numbers in the sum are strictly greater than one it’s called trapezoidal numbers
because they represent patterns of points arranged in trapezoid.

xi. Fuzzy Payoff Matrix: In the game problem, let Ay, A, ...., Am be the strategies of player A and By, Bz, ...., Bn be
the strategies of player B. It is assumed that player A is always the gainer and Player B is always loser. Let aij
be the payoff which player ‘A’ gains from player ‘B’. Then the payoff matrix is of the form

PLAYERB
B, | B, B,
é A an Qg ay,
L
2 4, Ay Ay Ao
-
= .. ..
Am aml amZ amn
METHODOLOGY

Solution Procedure for Solving Game Problem using Principle of Dominance

Consider a solution of a Game problem involving strategies of the players using Trapezoidal fuzzy numbers.

Step-1: Check whether a saddle point exists on the problem. If it exists, the solution can be obtained directly. If the
saddle point does not exist, go to the next step.
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Step 2: Comparison of Column Strategies,

(i) If elements of Column A < elements of Column B, Column A strategy dominates over column B strategy. Hence
delete column B strategy form the payoff matrix.

(if) Compare each column strategy with all possible column strategies and delete inferior strategies as for as possible.

Step-3: Comparison of row Strategies:

(i) If elements of Row A > elements of Row B, Row A strategy dominates over Row B strategy. Hence delete Row B
strategy form the pay off matrix.

(if) Compare each row strategy with all possible row strategies and delete inferior strategies as for as possible.

(iii)The game may reduce to a single cell giving information about the value of the game and optimal strategies of
players. If not go to step 4.

Step-4: Dominance need not to be based on the superiority of pure strategies only. A given strategy can be
dominated if it is inferior to an average of two or more other pure strategies.

NUMERICAL ILLUSTRATION
Now consider the following game problem with payoff matrix using trapezoidal fuzzy numbers and convert the
given problem with set of four integers into a game problem by using the measure.

Player B
-1,0,2,7
Player A (237.8) (34,7,10) (6,9,10,11) (-1,0,27)
(5,7,10,14) (9,10,13,16) (5,6,7,14) (-2,58,13)
(10,12,17,21) (-1,3,4,6) (5,9,11,15) (2,6,7,9)

Now convert the above fuzzy problem into the form of trapezoidal fuzzy numbers, we have

Player B
(5,2,1,1) (55,1.5,1,3) (950.5,3,1) (1,1,1,5)
Player A (85152,4) (115151,3) (650.5,17) (6515,7,5)
(145,2.5,2.4) (35,0.5,4.2) (10,1,4,4) (6.5,0.5,4,2)

Ranking of the Trapezoidal fuzzy numbers (R(A))

Trapezoidal fuzzy number Rank of the Trapezoidal fuzzy number

a;; =(211) R(a;;) =5
a;, = (65151,3) R(a;,) =6
a3 = (95,0531) R(a3) =9

a;, =(1115) R(a;9) =2
a,; =(85,15.24) R(a,;) =9
a,, = (11.51513) R(a,,) =12
a,; = (6.5,05,1,7) R(a,3) =8
a,, = (6.51575) R(a,,) =6
as;; = (1452524) R(az;) =15
as, = (35,054,2) R(as,) =3

as; = (10,14,4) R(as;) = 10
as, = (6.5,054,2) R(as,) =6

Now we use the Maximin and minimax principle, we have

Player B Row minima
Player A (5,21,1) (5.515,1,3) (9.5,05,31) (11,15 (1,1,15)
(6.5,1.5,7,5) (115,15,1,3) (65,0.5,1,7) (8.5,1.524) (6.5,0.5,1,7)
Column (14.5,25.2,4) (3.5,0.542) (10,1,4,4) (6.5,0.5/4,2) (35,054,2)
(145,25,2,4) (115,15,13) (85,1.524) 49588
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Maxima

Maximin (Maximum of row minima) = (6.5,0.5,1,7)
Minimax (Minimum of column maxima) = (11.5,1.5,1,3)
Here, Maximin # Minimax
Therefore, it has no saddle point. Now we can apply Dominance method.

Using dominance principle between Row 1 and Row 2, Row 1 can be omitted.

Player A

By dominance principle between Column 1 and column 3, column 1 can be omitted.

Player A

Using by dominance principle between column 2 and column 4, column 4 can be omitted.

Player A

Maximin (Maximum of row minima)=(6.5,0.5,1,7)

Punitha
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Player B
(85,1524) (11515,1,3) (6.5,05,1,7) (6.5,1.5,7,5)
(14525.2,4) (35,0.54,2) (10,1,4,4) (6.5,0.54,2)

Player B
(11.5,1.5,1,3) (6.5,0.5,1,7) (6.5,15,7,5)
(35,0542) (10,14 .4) (6.5,05,4,2)

Player B
(11515,1,3) (6.5,0.5,1,7)
(35,0542) (10,1,4,4)

Minimax (Minimum of column maxima) = (115,15, 1, 3)
Here, Maximin # Minimax

Therefore, it has no saddle point.
The reduced payoff matrix represent a 2x2 two person zero sum fuzzy game without saddle point. Therefore the
optimum mixed fuzzy strategies are,
Value of the fuzzy game=15.7

The strategy for the Player A, ie SAz{O, 131 , %}
The strategy for the Player B, ie saz{o + 7 0}

CONCLUSION

"11'11"

ISSN: 0976 — 0997

In this paper, we have obtained the optimum solution to the game problem using trapezoidal fuzzy numbers. The
proposed ranking method is very easy to understand for solving fuzzy game problems in real-life scenarios. We
may get different game values for different trapezoidal fuzzy numbers. A Numerical example has been considered
and solved to illustrate the proposed method with its strategies and the value of the game. Also, this method may
also be extended to the other type of fuzzy numbers with suitable modifications of ranking methods.
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ABSTRACT

In the various parts of the world and some regions of india, the prion disease chronic wasting disease
(CWD), which affects both wild and captive cervids (deer and elk), is pervasive. The effects of CWD and
its spread on the environment, the economy, and public health are still unknown. We examine current
understanding of CWD, its effects, and management. Newer diagnostics make it possible to properly
identify CWD long before any clinical signs manifest. Although it seems unlikely, there is still
widespread worry about the likelihood of natural transmission to people or conventional domestic
animals; the implications on wildlife resources are still unknown. People's attitudes toward TSEs have
changed significantly since the 1990s, most notably in the present debate over the eventual eradication of
all prion disorders worldwide. Early intestine lymphoid tissue involvement during the CWD incubation
period points to potential routes for agent escape from an infected person, such as in faces or saliva. The
local upkeep of chronic wasting illness may be significantly impacted by environmental contaminants.
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Because of research on the disease's epidemiology, models have been developed to assist explain the
origins of CWD and forecast its consequences on deer and elk populations.

Keywords: CWD, Chronic wasting disease, Cervids, Prion, Dear, EIk.

INTRODUCTION

White-tailed deer, mule deer, elk, and moose are among the members of the deer family in North America that are
susceptible to the fatal neurological disorder known as chronic wasting disease (CWD). Since it was originally
discovered in 1967, CWD has spread over the world and increased in frequency locally. Contagious, CWD spreads
quickly within and among cervid groups. There aren't any medicines or immunizations on the market right now.
Chronic wasting disease is a major worry for wildlife management. It has been discovered in at least 23 states, two
Canadian provinces, and South Korea. It's unclear if CWD affects humans or animals [1]. Both directly through
animal-to-animal contact and indirectly through contact with objects or an environment contaminated with
infectious material (such as saliva, urine, faeces, and the carcasses of CWD-infected animals) (1) are ways that CWD
is disseminated. According to our findings, a group of CWD researchers had a key role in the connection of the
research community. [CWD modelling] began in the early 2000s and has developed since then. The primary research
areas included population-level tactics, compartment-based models for regression, and host species of game
management issues. Similar to how CWD research ignored community ecology and biogeographic modelling
methods in favor of focusing on single populations, species, and locations. For the majority of infection phases,
conventional diagnostic methods with inadequate sensitivity were utilized to identify chronic wasting disease. The
diagnosis of chronic wasting disease was made using diagnostic techniques with insufficient sensitivity.

In order to quantify uncertainty in future analytical work, more precise diagnostic methods should be used.
Additionally, larger-scale studies should be conducted to clarify CWD transmission outside of population-level
approaches. Assumptions used to model other infectious illnesses may not apply to CWD because infectious prions
may not follow the biological rules of well-known wildlife pathogens (such as viruses, bacteria, and fungi). Chronic
wasting disease has emerged as a fresh problem in wildlife epidemiology[2]. Based on in vitro and in vivo research,
it is believed that human-to-human transmission of CWD is unlikely. Despite this, it's still possible for people to
consume things that are contaminated with CWD, which is dangerous. According to study, environmental prions
reservoirs found in soil and mud, as well as saliva, faeces, and urine, are how horizontal infection of Cervids occurs
most frequently. Infected skeletal muscles have also been observed in ill deer. These findings suggest that infection
can happen both directly through contact with ill animals and indirectly through contact with prion-contaminated
objects [3]. However, recent study on the identification of prion infectivity during pregnancy raises the prospect of
CWD transmission from mother to kid. In this work, fundamental aspects of CWD are examined.

CAUSES

Chronic wasting disease is brought on by the prion protein's flaws. Mostly the central nervous system is affected. It
results in the conversion of normal protein into aberrant protein, which is not digested by enzyme activities, leading
to an accumulation of abnormal protein. This results in neurological issues and the affected animal dying. Cervids
are preferred by the CWD prion (deer-like animals). Animals can contract these prions from one another [3]. These
are spread through the mucus, saliva, and faeces of ill animals. The decaying corpses of infected animals can
potentially spread the disease. The prion can be passed on indefinitely because it is a protein. Because the prion
sticks to the soil tenaciously, soil contamination contributes significantly to the development or spread of the disease

(41
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SYMPTOMS

Stumbling, confusion, loss of weight, listlessness, psychological signs, excessive urine, drooping ears, and drooling
insufficient coordination Having trouble moving, Lethargy, dropping of the head, a pattern of repetitive walking,
Tremors [5].

DIAGNOSIS

When an affected animal dies, the brain or lymphoid tissue from that animal is examined to see if the condition is
chronic and wasting. A variety of diagnostic procedures are utilized, such as assays (tests).Using procedures such as
immunohistochemistry (IHC), immunoblotting, and enzyme-linked immunosorbent assays (ELISA). For white-tailed
deer and mule deer, this test seems to be effective, but not for elk. Recently, a method for taking a biopsy of tonsillar
tissues from live deer was developed [6]. The transmissible spongiform encephalopathies (TSE) have a disease-
specific marker known as the protease-resistant prion protein (PrP-res), which may be recognized by the IHC
method regardless of the species. IHC was found in ten out of the 17 elk. Solely two of the 10 animals displayed both
histologic lesions and clinical signs of CWD, while the other only displayed histological lesions [4]. The most
consistently IHC-positive tissue was the medulla oblongata. These results suggest that any surveillance study
intended to establish the prevalence of CWD in captive ranging cervids must include the PrP-res IHC test on brain
tissue, particularly the medulla oblongata at the obex [5].

CLINICAL DIAGNIOSIS

The typical incubation period is between two and four years, while the minimum incubation period is roughly 16
months [7]. CWD is fatal, and clinical diagnosis in wandering animals can be difficult, especially in the early stages
of the illness. Animals may arrive suddenly and show no symptoms. Over the course of several weeks to months,
cervids can lose weight and alter their behavior (lethargy, hyper excitability, low head carriage, fixed look). Even if
neurological symptoms are minimal, they may nonetheless manifest as ataxia, head tremors, teeth grinding, and
pacing the confines of a space. Aspiration pneumonia brought on by oesophageal dilatation and/or regurgitation can
be fatal in animals. Polydipsia (excessive drinking) and polyuria (excessive urination) are typical signs in the latter
stages[8].

LABORATORY DIAGNOSIS
SAMPLES: For isolation of agent

e Antemortem: Deer - palatine tonsil, Deer, elk - rectal lymphoid tissue [9].
e Post-mortem: Brain (obex), retropharyngeal lymph nodes, tonsils [10].

MECHANISM OF TRANSMISSION

The first thing that determines how the Killing of antlerless deer impacts the occurrence of CWD is the mode of
transfer and the level of transmission to juveniles. We made the assumption that environmental transmission
occurred and that children were less likely to get sick than adults because they consumed less potentially
contaminated food. We also assumed that food consumption was the primary way that the illness was spread
through environmental contamination. According to recent studies, there is little evidence that CWD is transferred
from plant roots to stems and leaves; instead, it is most likely that contaminated soils are consumed directly or
indirectly through plant material [11]. The young have a low infection rate, which is consistent with tendencies of
typically lower prevalence in fawns, but this could be because of the length of exposure. Regardless of the
mechanism, our results show that a control strategy that always includes relatively more male deer is most effective
because it eliminates the population segment with the highest proportion of infected people due to high food
consumption, susceptibility, or other behavioral traits. Second, while harvesting only male deer rarely reduced
population density sufficiently to promote maximum juvenile survival, our findings show that harvesting only male
deer is rarely as effective [12].
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CHRONIC WASTING DISEASE TO HUMAN TRANSMISSION

In addition to the three states of Colorado, Wyoming, and Nebraska, other CWD foci have been found in other parts
of the country. CWD affects deer and elk. Although greater surveillance may be associated with identification in
some areas, the introduction of CWD by animal translocation or spontaneous migration may be responsible for some
new foci of infection [13]. Concerns have been raised concerning the prospect of increased human exposure to the
CWD agent due to the disease's expanding prevalence. The transmission of bovine spongiform encephalopathy to
humans through food raises the possibility that the species barrier does not completely shield people from animal
prion diseases. A CWD-associated prion transformed human prion protein in an in vitro cell-free experiment,
however there is very little conclusive proof that CWD may be transmitted from humans [14]. Additional
epidemiologic and laboratory studies are needed to monitor the potential of such transmission. Prions can change,
but the rate of change is governed by variation in the genes in cervid and human cells that code for the prion protein
[15]. Humans can acquire prion diseases by food borne infection, genetic predisposition (gCJD and other prion
diseases), or sporadic development (sCJD). The same substance that causes bovine spongiform encephalopathy (BSE)
also causes variant CJD (vCJD)[16]. Only cannibalism or following medical or surgical treatment have reports of
human prion disease spreading from one person to another[17-18].

TREATMENT

There is presently no known treatment for the deadly condition known as Chronic Wasting Condition. After
developing the illness, a cervid will eventually pass away. Research is now being done on 2-aminothiazole-based
therapies for transgenic mice inoculated with white-tailed deer CWD prions. It has been proven that IND24, or 2-
aminothiazole, is effective against the CWD prions in elk [19]. When WTD CWD isolate-infected mice were
administered IND24, their life span was prolonged in a manner similar to that of elk CWD prion-infected mice,
however it was noticeably shorter. The WTD mice survived 200 days after inoculation, whereas the EIk animals
given with IND24 daily lived 216 days after inoculation. This implies that the two strains are distinct from one
another. The duration of the mice's survival following vaccination was likewise impacted by various dosage sizes
[20]. The features of PrPSc in the mice's brains, as well as the infectiousness and drug susceptibility of CWD, were
unaffected by the treatment with IND24 itself. Additionally, IND24 does not treat CWD, even while it prolongs the
lives of mice affected with various types of the disease.

EPIDEMIOLOGICAL STUDIES

In view of the rising geographic range of CWD cases and the assumed food borne transmission of BSE to people that
resulted in cases of vCJID, concerns regarding the possible zoonotic transmission of CWD have been raised. The
identification of CJD in three people under the age of 30 who had either consumed deer and elk meat from family
members or were deer hunters in the late 1990s sparked these concerns [21]. No convincing evidence of a connection
between CWD and these case-patients' CJD state, however, was found in epidemiologic or scientific examinations of
these case-patients. None of the patients admitted to hunting or consuming deer meat from Wyoming or Colorado
regions where CWD is prevalent. If such a history was discovered in CJD patients who were unusually young, it
would support a causal link with CWD. Furthermore, there was no evidence of CWD in the brain tissues of more
than 1,000 deer and elk that were captured in the areas where the patients hunted or where they obtained their
venison. Additionally, the three patients' disorders could not be accounted for by exposure to the same prion strain
due to the absence of homogeneity in the clinicopathologic symptoms and codon 129 of the prion protein gene. The
individuals' exposure to the same prion strain, the causative agent of BSE, was connected to the homogeneity of the
genotype at codon 129 and the diagnostic and pathologic phenotype in vCID [22].

INVESTING IN CWD RESEARCH

A crucial first step toward CWD control is investment in CWD research, which also involves support for disease
surveillance and management. In 2001, CWD was declared a national emergency, and Congress immediately started
allocating funds from the government to support CWD research, surveillance, and management. However, federal
funding was severely curtailed after 2011, and since then, financing for CWD initiatives has primarily come from the
states [23]. Between 2011 and 2012, federal funding for cervid health decreased from $14.3 million to $1.9 million.
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Since that time, annual federal funding has stayed low, making it challenging for state wildlife, animal health, and
public health agencies to adequately address this issue. These organizations can better create and carry out
comprehensive CWD management strategies, conduct essential animal and human illness surveillance, improve
hunter education, and more with the restoration of proper federal funding. Because of the lengthy testing processes
and potential delays in results, there is a greater risk that hunters may be exposed [24]. Increased funding for CWD
research will also help address unresolved questions about the disease's transmission risks and its origins, providing
vital knowledge about the potential harm to people. Finally, research is needed to create vaccines or treatments that
might effectively protect cervids and possibly lower CWD transmission.

FUTURE SURVEILLANCE

Although the exact cause of CWD is unknown, it is possible that it was caused by the interspecies spread of scrapie
or another prion agent. However, because scrapie cases have been discovered all over the world in countries that
breed sheep, it is possible for CWD to spread internationally. Our understanding is that the industrialized countries
of Europe and Asia have been the only places where CWD monitoring has been conducted outside of the US and
Canada, and that these efforts have not even come close to the size of those made in those countries [25]. Even within
North America, monitoring of some cervids, like caribou, has been limited, and it is questionable if current
surveillance efforts will continue to be funded and implemented. Given that current surveillance efforts are limited
in relation to total cervid populations, CWD may be present at low levels in many areas that were previously
believed to be CWD-free. To identify the true geographic spread of the sickness and its host range, at the absolute
least, targeted surveillance of all cervids both inside and outside of North America should be conducted [25,26] This
monitoring could benefit from a more practical premortem testing method [26].

CONCLUSION

The transmissible spongiform encephalopathy known as chronic wasting disease, which today affects more than half
of the United States and certain European countries’ wild cervid populations, was first discovered in the late 1960s.
This disease should be referred to as endemic due to its resilience to multiple sterilizing techniques and
environmental durability. Human health must be considered when managing CWD, and CWD prions must be kept
out of human food supplies. A greater understanding of population dynamics, deer behavior that influences CWD
transmission among free-ranging cervids, and environmental prions is required to facilitate CWD management.
Acceptance by the public, along with continued support and dedication to intervention, are essential for the success
of CWD management in free-ranging deer.
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ABSTRACT

Nowadays, reversed-phase high-performance liquid chromatography (RP-HPLC) is a versatile and
broadly using analysis method for performance standards throughout the pharmaceutical research,
improvement, as well as manufacturing process. This was predicted 30 years ago that RP
chromatographic mode was used for 80-90 percent of all analytical separations. Modifications of solvent
composition could significantly alter the analyte's retention and selectivity. The material of the mobile
phase reservoir is an important consideration depending on the type of application. Glass is typically
used for small molecule analysis to prevent the leaching of materials from plastics into the eluent, which
may interfere with the analysis. Modifications to the solvent composition, such as pH, type and amount
of organic modifier, buffer type, and concentration, allow RP-HPLC methods to modulate analytes
retention and separation.

Keywords: Reverse Phase —High performance Liquid Chromatography System (RP-HPLC), Solvent
strength, Filtration, stability of mobile phase.

INTRODUCTION

The solvent that moves the analyte through the column is known as the mobile phase. After sample preparation, the
analytes are dissolved in a suitable solvent and pumped into a chromatographic system this solution is not
considered a separate matrix as it does not interact with the analysis. During sample preparation, the character of the
major carrier (liquid solution) for such solutes could be selected to meet High performance liquid chromatography
(HPLC) unique requirements such as volatility as well as miscibility with the mobile phase[1]. In HPLC, the mobile
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phase is made up of high-quality or combined liquids, and also organic solvent with solid additives.
Chromatography can choose from hundreds of solvents for various HPLC applications. Solvent properties such as
viscosity, refractive index, non-corrosiveness, toxicity, miscibility, transparency, and so on the influence a particular
selection. Another important factor is the Infomercial accessibility of sufficient pureness at an economical cost. The
retention time of the analyte is controlled by the solvent strength or percent organic solvent in the mobile phase. A
good rule of thumb in reverse phase liquid chromatography (RPLC) is that a 10% decrease in the organic solvent in
the mobile phase results in a 3-fold increase in k or t R [2]. Solvents and toxic wastage are a global problem that then
endangers not just the health of the people and also our surroundings. Faced with this issue, it is evident that the
industrial sector, with all labs, must bring in new waste-reduction innovative products. This raises interest in "eco-
friendly" science, such as HPLC analysis with the chemical-free sample solution. The idea of using eco-friendly water
to eliminate a wide range of organic and harmful wastes generated every day is both environmentally sensitive and
financially efficient [3].A 1% increase in ACN (acetonitrile) corresponds to a 5°C increase in temperature. Tran et al.
obtained comparable results. Kondo and Yang carried out many studies thus demonstrated that temperature
changes related to changes in the concentration of a given organic solvent depending on the conditions and column
used. When using a polystyrene-divinylbenzene (Hamilton PRP-1) column, a 3.5°C temperature increase is balanced
to a 1% high in methyl alcohol composition in the methanol-H20 solutions. Temperature changes of 5°C and 8°C
were comparable, whereas acetonitrile composition was increased by 1% in an acetylnitrile-H.Omixture [4].

HPLC performance check

The effectiveness of an HPLC method can be examined to determine the important functions of the system's different
modules. The pump, auto-injection system, column oven, and detector are the key parts of an HPLC method that
must be tested to ensure proper operation. One of the most essential factors to recognize throughout HPLC efficiency
confirmation are flow rate accuracy and gradient accuracy for the pump, precision, linearity, and carry over for the
auto sampler, wavelength accuracy, and response linearity for the detector, and temperature accuracy for the column
oven. And during the assessment, we would like to look for some critical characteristics of HPLC elements[5]. It
must have a specific or general response to components in a mixture. It must not be affected by climatic variations or
fluid properties and should be susceptible to the analyte including an over the solvent system. (Critical attribute of
the detector as discussed in fig.1).

Overview Models Regarding Simple Mobile Phases

Even though the column is the main part of LC, the solvent is used to modify the separation's retention time and
selectivity. Looking back at HPLC history, beyond visible to be new regarding the use of simple solvents for a variety
of real reasons. Increased column techniques, for example, have reduced the necessity of solvent additives as well as
the buffer is improved high point structures or columns' batch’s-to-batch reproducibility. Furthermore, using easier
numeric liquids to linear slope sections improves process reliability by reducing procedure transfer problems in
regulated assays. At last, its widespread adoption of High - performance liquid chromatography-Mass spectrometry
[LC-MS] like standard technologies with raising-by testing, in-processed management, life science study, and
therapeutic diagnostic tools makes easier liquid chromatographic methods & organic phase more appropriate. They
highlighted trends in pharmaceutical stability analysis, involves both low molecule APl and biotherapeutics,
enhanced ultraviolet and mass spectrometry (MS) detecting sensitively, and achieving similar high point figures for
base substances [6].

RP-HPLC collection with Organic Solventor Solvent B

In RP-HPLC, solvent B is a normal short form for effective solvents (dissolving solvents) used for pump blending
and gradient elution. Acetonitrile, methanol, and tetrahydrofuran have historically been the three most popular
reversed-phase LC organic solvents [7]. For purpose of photon accepting capacity, photon donating potential, and
Quadra dipole interconnections, these three solvents have noticeably various parameters. The eluotropic strengths
are listed in the following order: Methanol< Acetonitrile< Tetrahydrofuran. Most practitioners prefer acetonitrile
because of its high eluent capacity, and low permeability (0.37 cP), which leads to better column performance, and
better Ultraviolet visibility (190 nm). Acetonitrileis a polar solvent and hydrogen accepting group that can interact
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with other molecules [8]. Methanol is a simple type of solvent that can behave as a proton donating or accepting
group. It is less expensive than acetonitrile but produces more force (viscosity of 0.55 cP) when combined with liquid
(example- a 50 percent methyl alcohol: water solution had a consistency of 1.62 cP). Methyl alcohol solvent has an
ultra Violet final cut-off value to be less than 210 nm. As a result, the options for solvent B are strongly limited for
Acetonitrile and Methanol [9]. Despite its high solubility and eluotropic strength, Tetrahydrofuran [THF] is hardly
used in RP-HPLC. Except in gel permeation chromatography, dangerous and secure issues caused by fade format
prevent its widespread use. Because of its limited miscibility with water and lack of to prevent oxidation forming,
methoxytert-buty! isopropyl alcohol could be used in low concentrations replacement to THF. Many papers have
recently been published that use acetonitrile in conjunction with n- or i-propyl alcohol, as well as with n-butyl
alcohol, to enhance the wider regeneration of a few antibodies [10].

The work of solvent B Contain Water and Additives

HPLC methods referred for solvent B to be 95 percent Acetonitrile in water. The result is to improve merging
effectively by creating the viscosity and surface tension of the two mobile phases more similar. It is normal practice
to utilize similar additive sections in both solvents (a) and (b), for example, 0.1 percent THF in ethyl nitrile nitrile
while using 0.1 percent trifluoroethanol acid in H20-like solvent (a).Other than decreasing various shifts with UV
detection with fewer wavelengths, there are no discernible differences in splitting un producibility or elute order in
reverse phase liquid chromatography (RP-LC) around hundred percent ethyl nitrile and 0.1 percent THF
inethylnitrile [11]. The column pressure is a necessary chromatography parameter thus contributing to holding time
modification, mainly while a large testing time has been utilized. That pressure adjustments in reversed section
columns have been investigated on the subject of the natural modifier content material inside the cellular phase. Due
to liquid gradient causing pressure, it turned into critical to determine the excellent conditions for evaluation
through measuring pressures beneath gradient and isocratic situations. As a result, a variation starts 0% -100%
becomes used to evaluate a rough estimate of most costs for the pressure of the column. Pursuing that, isocratic
eluting changed into finished to exactly decide the mobile phase percentages as an outcome of which most less price
for various solvents/columns situation (Table.1) [12].

Acetonitrile possess with a pressure gradient is excessive at an acetyl nitrile: H20 ratio of 15:55 v/v and methanol
produces mostly back-pressure at methyl alcohol: H20 ratio of 45:55. So when ever this may reflect the interaction of
the mobile phase with the solid bound segment of Reverse phase column in addition to methyl alcohol-water or
acetonitrile-water interactions. Methanol accepted and donates the H- bonds, whereas acetonitrile only accepted the
H- bonds. As a result, a strong bond among different solvent particles is predicted. As are different connections
among methyl alcohol molecules and with silica silanol kind groups [13]. Due to Methanol interacting resistantly
fluid go with the flow into the High - performance liquid chromatography columns, In comparison to acetonitrile
/water systems, methyl ester structures had greater lower back extreme pressure. When Fig .2(a) and Fig. 2(b) are
compared, the C18 column produces greater back strain compared to C8 columns. These will be because of greater
silica groups being to be had at the surface of C18 columns as a result of constrained surface insurance throughout
derivatization using large C18 molecules [14].

Mobile Phase (A): (oH Modifiers and Buffers)

In RP- LC, the weaker liquid is referred to as mobile phase A, and it contains more water and low pH modify
substances, buffered solvents, as well as salted molecules to control ionic intensity but also ionic capacity. To
separate neutral molecules, pure water can be used. Most drugs in chemical preparations seem to be ionized, i. e,
acidified, primary, as well as zwitter ionic[15]. As a result, the pH of liquid phase A should be monitored because it
has a major impact on dissolved retention.lonized substances exist through ionized as well as non-ionized accuracy
depending on the solvent ionic strength, & ionized paperwork has significantly lower retention in reversed-segment
LC than non-ionized accuracy. Its additives is an acidified or basic agents, or buffers, by the addition of conjugate
salt [16].
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Acidic additives

Most pharmaceutical applications require an acidic pH of 2-4. The less pH inhibits the ionization with weakly acidic
analytes, causes in greater retention. Trifluoroethanoic acid, formic acid, and ethanoic acid are commonly used acids
atconcentrations ranging from 0.05 - 0.1 percent volume/v. Through liquids, the pH values seem to be 10 percent, 10
percent formic acid, and 0.1 percent ethanoic acid [17]. Pipette (1.0) ml acidic solution to 1000ml of purified water to
make those simple liquid levels at 0.1 percentage v/v which can be used immediately without any filtration. They are
often used in liquid chromatography mass spectrometry(LC-MS) packages, notwithstanding the reality that their low
ionic strengths can also bring about bad peak shapes for very simple drugs. This additive is beneficial for the raw
type of material or reagent purity strategies that use extra regularly occurring detecting at less UV [18].

Buffer solution

A solution of the buffer resists modifications in pH while small quantities of acid or alkali are brought to the
solution. The use of buffer solution is important in HPLC separation because it can separate two closely eluting
peaks or merge two separate peaks. Citrate, acetate, and phosphate buffers are the most commonly used buffers in
liquid chromatography (LC). For vital assays, Buffer solutions have been required to strictly control the ionic
strength of liquid segment a. According to the Henderson-Hasselbalch Equation, buffers are most effective when
they are within 1.0 constant factor of their pKa values of 13. A buffer is made by combining a weak carbonic acid also
with the salt of its basic solution (alternately vulnerable through salts of its conjugated acid) [19]. Phosphate has
historically been the most typically used buffer in HPLC. Phosphate buffers are powerful buffered solutions at ionic
strength values of rounds 2, 7, and 10 because normally phosphoric acid contains 3 ionizable hydrogens. It is
Ultraviolet-visible to two hundred nms. However now not risky, making it incompatible with MS [20].1t also has less
soluble in acetonitrile, especially at more concentrations (like 50 mM), which causes solidification issues at the time
of pump merging. This problem can be solved by switching mobile solvent b up to 85 percent Acetonitrile in water
or with methanol.

Choosing the right buffer

Many factors can influence buffer selection; consider the following when selecting the right buffer:
e Mobile phase pH is required.

e The ultraviolet cut-off value.

e For Mass spectrometry-based chromatography, a volatile buffer should be used.

Buffer pH

The pH of the solution influences the retention time and peak shape. A silica-based column should not be used for
buffer solutions with very low and high pH values because the stationary phase bond may be broken at low pH and
silica may be dissolved at high pH [21].

Buffer Solubility and Concentration

Buffer solubility and concentration are important factors in method development. The best buffer is one that is
completely soluble and produces reproducible results at low concentrations. Higher buffer concentrations may cause
the buffer to become viscous and precipitate, resulting in back pressure.

New models in Mobile Phase Preparation

Itincludes:-

= lower composition of buffered within solvent system A section
= Removal of filtration

= pH adjustment in mobile phase A [22].

Removal of Separation Procedure

Several labs also stopped using 0.2 as well as 0.5 m membrane filters by way of the use of excessive-purity reagents
(including Aldrich's 99.995 percentage ammonium salt formic acid, Cat# 516961) as well as High - performance
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liquid chromatography liquids & H20 The ability filtration is associated with mobile phase reagents section
contaminations can be reduced by removing the separation step. Most HPLC pumps' inner filters (changed during
preventive maintenance programs) appear like ok for ordinary HPLC operation without filtering in maximum
laboratories. Similarly, fractional distillation is a residual gas decrease through sample solution that had also majorly
been replaced by the suction degassed agents, that have become conventional in that vast of most HPLC systems
[23].

Mobile Phase stability

There are no widely widespread hints or clinical information on the steadiness of mobile stages after guidance.
Sparkling mobile stages can be organized on an everyday foundation required, however, Its time test procedure is
hardly necessary nor " greencolored". The shelf existence of the liquid section is hard to generalize because it relies
upon the mobile section composition, pH, storage field, garage situations, and the separation's sensitivity to small
adjustments in mobile-section composition. Microorganism boom potential (microorganisms, algae, and moulds)
poses the greatest risk to gadget contamination and column sturdiness. Scavenger columns (as an example, C18, 33 x
four.6 mm id, 10 m) can provide excellent protection against mobile phase-born fine particles & pollutants. It has to
do, however, to improve network waiting times & has been infrequently used in labs. Date all solvents and use
aqueous buffers for one week, easy acidified water (consisting of 0.1 percentage formic acid or trifluoroacetic acid)
for 1-2 months, and use organic solvents for at least three months. Storage of a listen (10-50X) may be useful for
weakly acidic buffered mobile levels or buffers at close to neutral pH. Depending on the buffer, refrigeration (5°C)
can keep the listen usable for months [24]. This technique has been validated as effective for acetate and formate
buffers. Periodic pH assessments and clean injections can verify the integrity and cleanliness of the liquid phase
preparations in such cases. Some laboratories may also have standard operating techniques that are based totally on
preceding statistics particularly reagent shelf lifestyles depends. Labeling prepared date is supported and required in
masses of regulated laboratories [25].

CONCLUSION

The entire article is a review of key concepts in the reverse phase- high performance liquid chromatography (RP —
HPLC). mobile phase selection such as (buffers, pH modifiers, and mobile phase Additives,) dealing with different
analytical issues by modifying the solvent system as well as using HPLC instruments. The above fashions include the
use of simple acidic solvent A or reduced Mass spectrometry-compatible buffers in binary form with acetonitrile or
methanol, the use of broad sequential curve or multi-segment slope methodologies for complicated dissociation, the
removal of the filtering process, and the elimination of many less relating mobile phase ingredients. Latest additives
(trifluoroacetic acid and 3-fluoropropionic acid) are recommended as options available for trifluoroacetic acid for
enhanced MS specificity. In recent years advancements in the development of HPLC system with various features,
specifications & applications. Hence it is needed to upgrade the effect of mobile phase components and the
performance of the HPLC system to take forward.
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Table 1: Solubility in water with various solvents used in HPLC system [12]

Solvent Solvent % in water Solvent Solvent % in water
Water 100 n-Butanol [ 0.43
Formamide 100 n-Propanol . 100
Dimethylsulfoxide 100 Isopropanocl | 100
Dimethylformamide 100 Butyl acetate [ 7.81
Acetic acid 100 Methylene chloride -; 1.6
Acetonitrile 100 Diethyl ether [ 6.89
Ethanol 100 Benzene . 0.18
Methanol 100 Carbon tetrachloride | 0.08
Acetone 100 Cyclohexane . 0.01
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Table 2. General HPLC Buffers and their related pKa value and UVcutoff values [28]

lu;c!o:

= Leakage test

» Nois pump
baseline
Clromatograghy

Mobile phase

Buffer types pKa value UV threshold value (nm)
Trifluoroethanoic acid 0.3 210
Calcium Phosphate 2.1,7.2,12.3 190
Formic acid 3.8 210
Acetic acid 4.8 210
Carbonate 6.4.10.3 200
Ammonia 9.2 200
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Fig.1 Critical attributes of HPLC system [5]

Fig.2 Shows the internal pressure of RP column
exposure to Methanol (MeOH) — water (H20) sample
mixtures during HPLC analysis. Acetonitrile C8
columns (a); Kromasil 5 ODS (b). Methanol and
water gradient, whereas isocratic (45:55) MeOH: H20
gradient [13].
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ABSTRACT

Cancer can be described as the uncontrolled growth of abnormal cells. After lung cancer, breast cancer is
the second most frequent type of cancer. The majority of breast cancer cells and healthy breast cells both
have receptors for circulating oestrogen and progesterone. Aromatase inhibitors, all of which directly
interact with the stimulation of the oestrogen signalling pathway and its production, are one of the most
significant targets for treating this. Despite their success, the creation of new medicines is necessary since
resistance limits clinical efficacy. As a result, due to their low cost and speedy development, in silico
studies for drug discovery have grown in popularity throughout time. For docking investigations using
PyRx software over the positive kind of breast cancer through aromatase receptor, 20 phytochemicals
derived from Murraya koenigii have been chosen in this case. The usage of phytochemical substances
stems from their numerous pharmacological applications, such as their anti-cancer, anti-diabetic, and
antibacterial characteristics. Additionally, an ADME study and RMSD study was conducted for
phytochemicals to determine the ideal drug-likeness profile. From the 20 compounds, the results showed
a better dock score, hydrogen bonding, and steric interaction between compounds Germacrene,
Viridifloral, a-Selenine and y-Muurolene with aromatase receptor protein 3EQM.

Keywords: Breast cancer; aromatase inhibitor; molecular docking; Murraya koenigii; ADME studies
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INTRODUCTION

Cancer is an uncontrollable and everlasting disease that affects aberrant cells over an extended period of time.
Cancerous cells can be aggressive, invasive, and metastatic, and they frequently invade other organs. Breast cancer is
quite heterogeneous in nature and interferes with the normal mammary epithelial cells' ability to function. In the
entire world, breast cancer is one of the most common diseases affecting women [1]. About25% of breast cancer
patients were reported from developed countries [2]. Breast cancer is one of the common types of cancer contributing
more than 27% in total cancer patients in Indian population [3]. In the year 2021 alone more than 574000 breast
cancer cases have been reported with 39.12%mortality. The incidence of breast cancer cases increased dramatically in
patients at the age group of 50-64 [4]. One breast cancer case was reported for every 22 women in urban areas, and
for every 60 women in rural areas. Males have, however, only sporadically been known to have breast cancer. Each
year, more than 1500 new cases are reported in the United States [5].

This cancer is among the second most common causes of death worldwide in western nations. Although there are
multiple synthetic strategies for control of breast cancer, one of the most significant clinical problems with effective
drugs for the treatment of breast cancer is the occurrence of side effects and the development of therapeutic
resistance. Therefore, using medicinal plant products can be a fantastic choice to manage that. It has long been
common practice to treat both infectious and non-infectious diseases with medicinal herbs. Phytochemicals are
defined as bioactive nutrient plant chemicals in fruits, vegetables, grains, and other plant foods that may provide
desirable health benefits beyond basic nutrition to reduce the risk of major chronic diseases [6]. Numerous studies
have reported the inhibitory effects of phytochemical, such as Ginko, goldenseal, ginseng, garlic, Echinacea, aloe vera
and saw palmetto find their use against breast cancer ailments. In this study, a comprehensive report regarding the
in-silico studies of some phytochemicals from Murraya koenigii and their action in breast cancer aromatase receptor.

METHODOLOGY

Ligands preparation and optimization

For this investigation, 20 ligands isolated from Murraya koenigii leaf drawn in Chem Draw Professional 15.0 (Fig.1.),
and three-dimensional structures of the ligands were produced in Open babel and saved as SDF format for further
preparation and molecular docking analysis [7,8].

Drug like properties of the ligands

Lipinski's rule of five, bioavailability score, Ghose's, and Veber's criteria were used to determine the cutoff values for
the physicochemical attributes. The molecular parameters MW (molecular weight), HBD (hydrogen bond donor),
HBA (hydrogen bond acceptor), log P (lipophilicity log), and log S (aqueous solubility) were assessed to determine
drug likeliness[9,10]. The SWISSADME server was used to generate the parameters (www.swissadme.ch/index.php).

The breast cancer receptor targeting aromatase inhibitor protein preparation and optimization

The crystallographic structures of breast cancer targeting aromatase inhibitor protein (PDB ID: 3EQM), was obtained
from the protein data bank. To prepare the protein for molecular docking, the water molecules were removed and
then hydrogen atoms were supplied to the protein using the BIOVIA Discovery Studio 2021 Client programme to
correct the ionization of the amino acid residues [11].

Molecular docking analyses and visualization

The proteins were saved in pdb format and then loaded into the PyRx programme for molecular docking, which was
done with the Auto dock Vina tool. To find the most stable conformer, the PyPx programme was utilized. Using
Discovery Studio 2021 Client software, the intermolecular interactions between the Murraya koenigii ligands from and
residues of aromatase inhibitor protein were determined and depicted [12,13].
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Molecular Dynamics Simulation

To study the stability and interactions of the ligand-receptor complexes, the top scoring natural polysaccharide was
subjected to a 1500 ps MD simulation utilizing the GROMOS96 43al force field with GROMACS software. MD
simulations were used to study structural parameters such as the Root Mean Square Deviation (RMSD) for complex
stability [14, 15].

RESULTS AND DISCUSSION

PyRx docking was used to determine binding affinities and key interactions between breast cancer receptor targeting
aromatase inhibitor protein (3EQM) and Murraya koenigii phytochemical ligands. The binding affinities were
compared to those obtained with the protein inhibitors tamoxifen. Table 1. shows the binding affinity obtained from
proteins bound to tamoxifen, and phytochemical ligands. The binding affinity values for Murraya koenigii
phytochemical range from - 5.6 to —7.4 kcal/mol [16]. The molecular interactions between active site of breast cancer
receptor targeting aromatase inhibitor protein and the most active ligands were visualized using the Discovery
Studio 2021 Client software (Fig. 2.). These samples revealed the predicted interactions with the amino acids in the
protein's active region, implying strong antagonistic capabilities against breast cancer receptor targeting aromatase
inhibitor protein. For the protein 3EQM, Germacrene, Viridifloral, a-Selenineand y-Muurolenehad the highest
binding affinity with a value of -7.4 kcal/mol each, followed by Spathulenol, -Selenine, and d-Amorphene. The
ligands with the lowest values in our investigation correspond to a-Pinene ligand with binding affinity for proteins —
5.6 kcal/mol. When compared to commonly used inhibitor Tamoxifen (-7.2 kcal/mol), the binding affinity values of
natural phytochemicals derived from Murraya koenigii exhibit a higher binding affinity [17].

From SwissADME, the ligands' molecular weights ranged from 136.23 to 296.53 g, with LogP values ranging from
2.66 to 6.25, showing their lipophilic nature. The predictive value of all sets of ligands was in range of Lipinski's rule
of five cutoff. This reflects the fact that compounds with log P values in the range are soluble in fats, oils, lipids, and
nonpolar solvents, with the drug likeliness of all ligands lying within Ghosh's rule (Table 2.). The results of virtual
phytochemicals from Murraya koenigii using molecular docking scores, and ADME studied suggest that they can
potential inhibitors of the 3EQM protein [18,19]. The root mean square deviation (RMSD) values of the best four
ligands from Murraya koenigii in association with the protein 3EQM are shown in Fig.3. Calculations of backbone
atom RMSD for the ligand-protein complex, as illustrated in the figure, were used to determine the stability of each
simulated model. The RMSD of A (Germacrene) rises until 200 ps, then stabilizes at 1.2A, while C (a-Selenine), climb
until 300 ps, then stabilize at 0.9-1.1 A until 350 ps. This shows that these ligands remain stable inside the pocket and
do not change their orientation in the active site of proteins. Similarly, the backbone atoms of protein B (Viridifloral)
were stable about 1A. However, D (y-Muurolene) showed higher RMSD and maintained at 0.8 A, which directly
resembles to the charge analyses [20,21].

CONCLUSIONS

The Protein-Ligand interaction plays a significant role in structural based drug designing. In the present work we
have taken the receptor Human estrogen and identified the drugs that were used against Breast Cancer. Overall, in
an exploration to find phytocompounds which could act as inhibitor of breast cancer targeting aromatase inhibitor
protein (PDB ID: 3EQM), our study manifested a promising anti-carcinogenic drug for breast cancer with
presentation of strong binding energy activity of Germacrene, Viridifloral, a-Selenine and <y-Muurolene.
Additionally, an ADME study and RMSD study was conducted for phytochemicals to determine the ideal drug-
likeness profile. This information may serve as a stepping point for future research in discovery of a suitable drug in
the treatment of breast cancer and salvage the humankind from the onslaught of deadly disease.
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Ligands 3EQM

2-Carene -5.9
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D-Limonene -5.7
Germacrene -14
0- Cymene -5.6
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Table 2. ADME parameters for each ligand from SwissADME

Molecular Wt. . -
Inhibitors ° ec(l.;)ar t Log P HBD HBA Violation Yes/No Solubility Log S
2-Carene 136.23 3.12 0 0 1 Yes Soluble -2.48
Bornyl Acetate 196.29 3.00 2 0 0 Yes Soluble -3.63
Caryophyllene 204.35 4.24 0 0 1 Yes Soluble -3.77
D-Limonene 136.23 3.37 0 0 0 Yes Soluble -2.26
Germacrene 204.35 4.46 0 0 1 Yes Moderately |, 5,
soluble
o- Cymene 134.22 3.54 0 0 1 Yes Soluble -3.57
M |
Phytol 296,53 6.25 1 1 1 Yes oderately | g o0
soluble
Spathulenol 220.35 3.30 1 1 0 Yes Soluble -3.20
Terpeneoline 136.23 3.40 0 0 0 Yes Soluble -3.50
Viridifloral 220.35 3.44 1 0 0 Yes Soluble -4.07
a-
) . Y lubl -2.
Phellandrene 136.23 2.97 0 0 0 es Soluble 88
a-Pinene 136.23 3.32 0 0 1 Yes Soluble -2.48
a-Selenine 204.35 4.40 0 0 1 Yes Soluble -3.88
F- 204.35 4.40 0 0 1 Yes Soluble -3.32
Borbournene
B-Linalool 154.25 2.66 1 1 0 Yes Soluble -3.06
[B-Pinene 136.23 3.24 0 0 1 Yes Soluble -2.48
Moderatel
B-Selenine 204.35 4.50 0 0 1 Yes Yol am
soluble
d-Amorphene 204.35 4.12 0 0 1 Yes Soluble -3.43
v-Muurolene 204.35 4.18 0 0 1 Yes Soluble -3.76
Y-Terpinene 136.23 3.35 0 0 Yes Soluble -3.43
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Fig.1. Different phytochemical ligands from Murraya koenigii
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Fig. 2: Molecular interaction of 3EQM and a.Viridifloral, b. y-Muurolene, c.5-Amorphene.

ir ‘

! mfhv wj )'“' 'ﬁs M*

RMSD (Angstrom)
. -

RMSD { Angstrom)

RMSD {Angstran)

|
1w

-
Iu.ue {}:6!

Hﬁ'

|
Wf W 'JL )

lil”’ |15

L

[
|

EVSTH { Amgstran)

Fig.3.RMSD plot during molecular dynamics simulations.

49611


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

RESEARCH ARTICLE

Formulation Development, Evaluation and Comparative Study of Effects
of Superdisintegrants on Orodispersible Tablet Containing an
Antihypertensive Drug

Reshma K J* and Senthila S2

IM Pharm, Department of Pharmaceutics, The Dale View College of Pharmacy and Research Centre,
Punalal, Thiruvananthapuram, Kerala, India.

2Professor and HoD, Department of Pharmaceutics, The Dale View College of Pharmacy and Research

Centre, Punalal, Thiruvananthapuram, Kerala, India.

Received: 13 Sep 2022 Revised: 16 Oct 2022 Accepted: 04 Nov 2022

*Address for Correspondence

Reshma K J,

M Pharm,

Department of Pharmaceutics,

The Dale View College of Pharmacy and Research Centre,
Punalal, Thiruvananthapuram, Kerala, India.

Email: reshmakjo3@gmail.com

@ @@@ This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

The oral route of drug administration is the most widely accepted route, because of its convenience of
self-administration, compactness and easy manufacturing. The aim of the present work is to formulate,
evaluate and to compare the effects of various superdisintegrants on orodispersible tablet containing an
antihypertensive drug. Propranolol hydrochloride orodispersible tablets preparation were done by direct
compression method. Twenty three formulations were prepared using different classes of
superdisintegrants like natural, synthetic and co-processed in varying concentrations (2%, 4%, 6%). The
drug-polymer compatibility study was done by using FTIR. All the formulations of prepared ODT were
subjected to precompression evaluations such as angle of repose, bulk density, tapped density,
compressibility index and Hausner’s ratio. Post compression evaluations such as hardness, diameter,
thickness, weight variation, friability, wetting time, water absorption ratio, uniformity of drug content,
In-vitro dispersion time, In-vitro Disintegration test and dissolution study. The results of IR study showed
that there is no interaction between drug, superdisintegrants and other excipients. The formulated tablet
melts in mouth within fraction of seconds (within 30 sec to 3 minutes) with promising release of drug.
Among the promising formulations, the formulation F18 containing 6% crospovidone and guar gum(1:1)
co-processed superdisintegrant, emerged as the best formulation based on drug release characteristics. A
comparison of In-vitro drug release of F18 was done with marketed formulation (Inderal 40), which
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reveals that the ODT formulation is much better than the conventional tablets. Short term stability study
was also conducted and the results shown that the formulation was stable.

Keywords: Orodispersible tablet; Propranolol Hydrochloride; Superdisintegrants; Co-processed; Natural
& Synthetic.

INTRODUCTION

Oral route is the most prominent and widely accepted up to 50-60% of total dosage forms. It is the most popular
route for the systemic effects due to its versatility, ease of ingestion, pain avoidance and most importantly patient
compliance [1].The most popular solid dosage forms used are tablets and capsules, difficulty in swallowing, leading
to patients incompliance particularly in case of pediatric and geriatric patients are the major limitation of the same[2].
For swallowing of oral dosage forms, one should drink water. Approximately 50% of population suffers with
dysphagia, which is commonly found among all age groups. This difficulty in swallowing may be due to the taste,
size and surface of dosage form. Elderly patients and children are the most affected population having difficulty in
administration of the conventional oral dosage forms [3]. Others who may experience problems in swallowing are
the mentally ill development disability, uncooperative patients with reduced liquid intake plan and nausea [4]. So
the demand for solid dosage forms that can be chewed, dissolved and suspended in water or rapidly dissolved in the
mouth is drastically improved in the pediatric and geriatric population.

For the ease of administration of solid dosage forms mouth dissolving drug delivery system has been introduced. So
the problems related to swallowing can be reduced by Orodispersible tablets. Orodispersible tablets are also called as
mouth dissolving tablets, fast dissolving tablets, melt in mouth tablets, rapimelts, porous tablets, quick dissolving
etc[5]. Taste masking also have critical importance in the formulation of an acceptable orodispersible tablet. One of
the simplest method of taste masking is by the addition of sweeteners and flavours. The fast disintegrating tablets
give out the combined benefits of a liquid formulation and a solid dosage form. Thus, it leads to an increase in
bioavailability of drug by avoiding first pass metabolism. Orodispersible tablets are defined as the tablets, which are
meant to disintegrate immediately upon contact with the saliva leading to very faster release of the drugs in the oral
cavity and rapidly disintegrate within 15 seconds to 3 minutes.

US FDA defined ODT tablets as “A solid dosage form containing medicinal substances which disintegrates rapidly
usually within a matter of seconds, when placed upon the tongue” [6,7].0DTs offers several advantages over other
dosage forms like effervescent tablets, dry syrups and chewing gums or tablets, which are commonly used to
enhance patient’s compliance[8].Hypertension is a common problem among the population nowadays. If untreated
it may lead to serious health problems also[9,10,11]. So an immediate action should require for the body. Propranolol
Hydrochloride is a synthetic beta adrenergic receptor blocking agent, which is an extensively used antihypertensive.
The drug undergo extensive hepatic degradation (76%) and having poor bioavailability (24%) [12,13]. If the
Propranolol HCI formulated as ODT, then can improve its bioavailability and can avoid its extensive hepatic
degradation by reducing the disintegration time with maximum drug release. Superdisintegrants have a major role
in ODT formulation. Synthetic, natural and co-processed superdisintegrants are using in the study.

MATERIALS AND METHODS

The drug Propranolol Hydrochloride were procured from Balaji chemicals Ltd, Gujarat. Crospovidone,
Croscarmellose sodium, Sodium starch glycolate, Microcrystalline cellulose were purchased from Yarrow chem
products, Mumbai. Guar gum, Agar, Mannitol, Saccharin sodium were obtained from Nice chemicals, Cochin.
Magnesium stearate and Talc were purchased from Vikash pharma, Mumbai.
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Identification of drug
Identification of Propranolol Hydrochloride was done by using Infrared absorption spectroscopy.

Drug-excipient compatibility study

Fourier transform infrared spectrophotometer was used to perform FTIR spectroscopy. The drug-excipient
compatibility study was carried out using KBr pellet method. It was done by preparing the pellets of drug and
Potassium bromide which are then compressed at 20psi for 10 min on KBr press. Propranolol HCI,
superdisintegrants and the physical mixture of Propranolol HCI along with superdisintegrants and excipients were
scanned in the wave number range of 4000-600 cm-t using FTIR.

Preparation of co-processed superdisintegrants [14,15,16]

Solvent evaporation method was used for the preparation of co-processed superdisintegrants. Chloroform was used
as the volatile solvent. Superdisintegrants which has to be made as co-processed blend were taken in varying ratios
(1:1 & 1:2) were mixed together by the addition of 10-15ml of chloroform. The solutions were thoroughly stirred, till
almost all chloroform get evaporated. The wet coherent mass was then granulated through sieve #60. The wet
granules were dried in a hot air oven at 60°C for 30 min. The dried granules were again passed through sieve # 60 in
order to break lumps and then stored in an airtight container for further use.

Preparation of orodispersible tablets of Propranolol Hydrochloride [14,17]

All the ingredients were passed through #60 mesh sieves separately. An accurately weighed quantity of drug,
superdisintegrants and microcrystalline cellulose were taken in a glass mortar and ground well. The other excipients
like mannitol, saccharin sodium and talc were added in a geometrical order and mixed well to ensure thorough
mixing of all ingredients. Lubricant was also added at the end of granulation and mixed thoroughly. The total
powder blend is weighed individually for fifty tablets of each formulation. Finally, physical mixture were
compressed into tablets using 10-station rotary tablet punch machine having 8mm internal diameter. The
composition of formulation was shown in table 1-4.

Post compression evaluations Friability [18,19]

Roche friabilator was used to determine the friability of tablets. It is expressed in percentage (%). Twenty tablets
were initially weighed (i.e. W-initial) and transferred into friabilator. The operation of friabilator was carried out at
25 rpm for 4 minutes or run up to 100 revolutions. The tablets were weighed again (i.e. W-final). Friability of the
tablets less than 1% is considered acceptable.

Weight Variation [19,20]

Ten tablets were randomly selected from the lot and weighed individually to check for weight variation. Then the
average weight of one tablet was determined from the collective weight. Average weight was compared with the
individual weight and the percentage deviation of individual tablet was calculated.

Wetting time [21,22]
A twicely folded piece of tissue paper was placed in a small petridish containing 6 ml of water, a tablet was placed
on the paper, and the time for complete wetting was measured.

Water absorption ratio [21,23]

A petridish was filled up with 6ml of distilled water. A tissue paper folded twice was placed into the petridish. After
pre-weighing of a tablet, it was placed on top of the paper. Then, the tablet which got wet was weighed. Then the
water absorption ratio R, was determined using following equation.

R = {(Wa-Whb) / Wb} x 100
Where, Wh is the weight of tablet before absorption, Wa is the weight of tablet after absorption
Three tablets from each formulation were performed.
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Uniformity of drug content [24,25]

Randomly five tablets were selected from each formulation and powdered them in a mortar. An accurately weighed
quantity equivalent to 40mg of the drug was dissolved in 50 ml buffer solution of pH 6.8 and made up to 100ml.
After filtration to remove insoluble residue if any, 1ml of the filtrate was diluted to 50 ml with the buffer. The
absorbance was measured at 290nm using UV-Visible spectrophotometer. The experiments were carried out in
triplicate for all formulations and average values were recorded.

In-vitro dispersion time [26]

In vitro dispersion time was measured by using 10ml of phosphate buffer of pH 6.8 in 25 ml beaker at 37 + 0.5°C
temperature. Time required for the complete dispersion of the tablet was noted. Three tablets were tested from each
formulation (n=3).

In-vitro disintegration test [27]

The disintegration times of the manufactured tablets were evaluated in vitro using a USP disintegration apparatus
operated at 37°C + 2°C, using phosphate buffer (pH 6.8) as the disintegration medium. One tablet was introduced
into each of the six tubes of the basket and one disc was added to each tube. The time required for complete tablet
disintegration was recorded and the mean + SD of six tablet was calculated.

In-vitro dissolution study [27,28,29]

Dissolution studies were carried out for all the formulations employing USP - Il paddle method and 900ml of pH 6.8
phosphate buffer as the dissolution medium. The medium was allowed to equilibrate to temperature of 37°C £0.5°C.
Tablet was placed in the vessel and the vessel was covered, the apparatus was operated for 30min in 6.8 pH at 50
rpm. At definite time intervals, 5 ml of the aliquot of sample was withdrawn by using pipette and filtered. The
volume was then replaced with equivalent amount of the fresh dissolution medium. The samples were analysed
spectrophotometrically at 290nm using UV-Visible spectrophotometer.

Comparison with Marketed Formulation[30,31,32]

The optimized formulation of Propranolol Hydrochloride orodispersible tablet was compared with commercially
available tablets. Inderal 40 (Propranolol Hydrochloride tablets 40mg) was selected as a choice. Physical appearance,
hardness, drug content and In-vitro drug release of optimized formulation of Propranolol HClI ODT was determined
and compared with the marketed Propranolol Hydrochloride tablets.

Stability study [33,34,35]

Short term accelerated stability testing was carried out according to the ICH guidelines considering 40 + 2°C/75 + 5%
relative humidity in a stability chamber for a period of 2 months. The orodispersible tablets of optimized formulation
were subjected to stability studies at both initial evaluation and at the end of the 1st month of the tablets exposed to
stability chamber

RESULTS

The FTIR studies reveals that all the characteristic peaks appear in the spectra of all samples were within the same
wavelength number were shown in fig 1. This indicates that there were no interactions between the drug and
physical mixture. The tablets of prepared formulations of Propranolol Hydrochloride ODTs (fig. 2) were found to be
white, round in shape and uniform in size with flat surface without specific odour. The wetting time of all
formulations (F1-F23) were found to be within 16.66+0.88 to 78.66+0.88 seconds (fig.3) and the water absorption ratio
of all formulations (F1-F23) were found to be 45.19+6.9 to 95.33+4.66%. On comparison, minimum wetting time
(16.66+0.88 sec) and maximum water absorption ratio (95.33%) were shown by F18 containing 6% crospovidone: guar
gum(1:1) among all other formulations. The In-vitro dispersion time of all the formulations (F1-F23) were found to be
29+0.57 to 218+1.52 seconds (fig.4). So the results reveals that the tablets (F18) prepared with co-processed blend of
crospovidone and guar gum (1:1) ratio showed less than 30sec of dispersion time. Then the order of dispersion time
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according to different superdisintegrants can be shown in the order; Crospovidone (6%) <Agar(6%) <Crospovidone:
Guar gum(1:1). From the results of In-vitro dissolution study it was clear that, maximum percentage of drug (80%)
was released from all the formulations within 30 minutes. The maximum percentage of drug release within 30
minutes was achieved by F18 (98.65%) which was formulated with co-processed superdisintegrant. From
comparison study shown in table 5 it was clear that, The percentage cumulative drug release of the optimized
formulation was found to be 98.65% within 30 minutes and the percentage cumulative drug release of marketed
formulation was 66.44% within 30 minutes and the same showed maximum drug release within 1 hour (fig.5). So the
comparative drug release profile of F18 and marketed tablets indicating that the release profiles of the F18
formulation was different from that of the marketed product. And from the stability study, the parameters like
physical appearance such as colour change, hardness, In-vitro dispersion time and drug content were determined for
an interval of 60 days. The parameters were found to be satisfactory and no considerable changes were observed. So,
F18 was considered as a stable formulation.

DISCUSSION

The present study is an attempt to develop and formulate orodispersible tablet of Propranolol Hydrochloride and to
study the effects of different types of superdisintegrants. Hypertension is a long term medical condition which is a
common problem too. So for a rapid action antihypertensive agents can be used. With better superdisintegrants, the
prepared ODT disintegrate within few seconds in the oral cavity thereby reducing the time of onset of action and to
prevent the first-pass metabolism of Propranolol HCI. The results of FTIR studies on drug and physical mixtures of
drug, superdisintegrants and excipients confirm that both drug and excipients are compatible with each other and
are devoid of interactions. Direct compression method was used for the preparation of orodispersible tablet because
of the cost effectiveness and due to reduced number of manufacturing steps. The results of precompression studies
like angle of repose, bulk density, tapped density, compressibility index and Hausner’s ratio reveals that the
prepared powder blends of all formulations possess good to passable flow properties. The prepared tablets were
subjected to post compression evaluations and the results indicate that the hardness, thickness and diameters of all
the tablets are uniform, which ensures that all the tablets were of uniform size and shape with good resistance
against mechanical damage. The tablets of all formulations shows the drug content as per the specifications. In
weight variation test, the results were within the limits which indicate that all the formulations have uniform
distribution of contents of the powder blend. The friability of all the tablets were found to be < 1%, which indicates
the tablets of all formulation have good mechanical resistance.

The tablets of all formulation were found to have minimum wetting time and maximum water absorption ratio
which is the desired characteristic of oral dissolving tablets which enables faster disintegration of tablets. And the
formulation which showed lowest wetting time and maximum water absorption ratio was selected from twenty
three formulations. The In-vitro dispersion time and disintegration time were also carried out to ensure the faster
disintegration of the tablets. The disintegration time of the formulations were found to be within 3 minutes except F6
with 6% of croscarmellose sodium. The formulation have lesser disintegration and In-vitro dispersion time were
selected. And it was observed that the co-processed superdisintegrants showed better results than others as
compared with synthetic and natural superdisintegrants. From the In-vitro release data, all the formulations were
found to release the drug more than 80% within 30 minutes. This quality of the tablet is required for the faster
absorption of the drug and leads to rapid onset of action also. And it was found to be F18 containing 6% of CP and
guar gum (1:1) showed maximum drug release than other formulations within 30 minutes. The Optimized
formulation of Propranolol Hydrochloride orodispersible tablet containing 6% of CP and guar gum in 1:1 ratio (F18)
was compared with the commercially available conventional tablets of Propranolol HCI (Inderal 40). From the results
it was clear that the orodispersible tablets of Propranolol HCIl was much better than that of Inderal 40 and also it was
expected to enhance a better patient compliance. The ODT was the better formulation than that of the marketed
formulation, because of the rapid drug release within 30 minutes. But the marketed formulation has drug release up
to 1 hour. The optimized formulation F18 was found to follow first order Kinetics and the drug release occurred by
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Fickian diffusion. The results of stability study revealed that the selected formulation was stable under the storage
condition and showed no significant variations in all the parameters. Thus crospovidone and guar gum can be
successfully used in the formulation of fast dissolving tablets.

CONCLUSION

In the present study an attempt has been made to develop, formulate and evaluate the orodispersible tablets of
Propranolol HCI which is an antihypertensive agent. It was formulated with an intention to improve the
disintegration, bioavailability of drug, to obtain rapid onset of action of drug, and better patient compliance. In this
study, various superdisintegrants of synthetic, natural and co-processed were used for the formulation of
Propranolol HCI ODTs. From this study it can be concluded that, co-processed superdisintegrant of crospovidone
and guar gum (F18) could be applied effectively in the preparation of ODTs with excellent In-vitro dispersion time,
better water absorption and maximum drug release within 30 minutes. Due to its minimum wetting time the ODT
can be administered without the need of water. And the prepared ODT disintegrate within the expected time,
thereby enhance the absorption leading to increased bioavailability of Propranolol HCI. Thus, the Propranolol ODT
containing co-processed superdisintegrant could perform bioavailability, effectiveness and hence better patient
compliance.

ACKNOWLEDGEMENTS

I am extremely thankful to Dr. BESSY RAJ. B. N, Associate professor, Department of Chemistry, who helped me to
take FTIR spectrum at Government college for women, Vazhuthacaud, Thiruvananthapuram, Kerala. Also | am
giving special thanks to my esteemed guide for the expertise and assistance throughout all aspects of the study.

REFERENCES

1. Kakar S, Singh R, Kumar S. Orodispersible tablets: an overview. MOJ Proteomics Bio inform. 2018;7(3):180-182.

2. Sastry SV, Nyshdham JR, Fix JA. Recent technological advances in oral drug delivery: A review. Pharmaceutical
Science and Technology Today. 2000;3(4):138-145.

3. Ravi, Geeta Rajput, Amit Kumar. A Review Article on Orodispersible tablet formulation. The Pharma Innovation
journal. 2013;2(2): 144-153.

4. Kuchekar B S, Bhise S B, Arumugam V. Design of fast disintegrating tablets. Indian Journal of pharmaceutical
Education and Research. 2001; 35(4): 150-152.

5. Debjit Bhowmik, Chiranjib.B, Krishnakanth, Pankaj, R.Margret Chandira. Fast Dissolving Tablet: An Overview.
Journal of Chemical and Pharmaceutical Research. 2009; 1(1): 163-177.

6. Amir H.shojaei. Buccal Mucosa As A Route For Systemic Drug Delivery: A Review. Journal of Pharmacy and
Pharmaceutical Sciences. 1998; 1 (1):15-30.

7. Shivangi singh, Navneet verma. Taste masked orodispersible tablets: A highly patient complaint dosage form.
Asian Journal Pharmaceutical and Clinical Research. 2016;9(3): 385-391.

8. Tejaswi Santosh Ubhe, Preeti Gedam. A Brief Overview on Tablet and It’s Types. Journal of Advancement in
Pharmacology 2020;1(1): 21-31.

9. Sreenivas SA. Orodispersible tablets: New- fangled drug delivery system- A Review. Indian Journal Pharmaceutical
Educational Research. 2005;39(4):177-181.

10. Jaysukh J Hirani, Dhaval A Rathod, Kantilal R Vadalia. Orally Disintegrating Tablets: A Review. Tropical Journal
of Pharmaceutical Research, April 2009; 8 (2): 161-172.

11. Gupta G.D et al, A Mouth dissolving Tablet: A Review. International journal of Current Pharmaceutical Research
2011; ISSN-0975- 7066.

12. Alok Kumar Gupta, Anuj Mittal and Prof. K. K. Jha. Fast Dissolving Tablet- A Review. The Pharma innovation
2012;1(1): 1-8.

49617



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Reshma and Senthila

Reddy. L.H, Gosh B, Rajneesh. Fast Dissolving Drug Delivery Systems: A Review of the literature. Indian Journal
of Pharmaceutical sciences; 2002: 3(8): 331-336.

VedParkash, SaurabhMaan, Deepika, Shiv Kumar Yadav, Hemlata, and Vikas Jogpa. Fast disintegrating tablets:
Opportunity in drug delivery system. Journal of Advanced Pharmaceutical Technology and Research. 2011 Oct-Dec;
2(4): 223-235.

Pavithra Putta, Saikrishna Mundra & Bhavani Boddeda. Patented Technologies in Fast Dissolving Tablets: A
Review. American Journal of Pharm Tech Research. 2019; 9(5):244-263.

Pranjal Jain, Shriya Jain, Ashwani Mishra and Anupam Pathak. A Review on Orodispersible Tablet. Current
Research in Pharmaceutical Sciences. 2014; 04 (04): 99-109.

Bandari S, Mittapalli RK, Gannu R, Rao YM. Orodispersible tablets: an overview. Asian Journal of Pharmaceutics.
2008; 2(1): 2-11.

Desale KY, Vidhyadhar, Bankar H, Giakwad PD, Pawar SP. Review on Fast Dissolving/ Disintegrating Tablets.
International Journal of Pharmaceutical Science Review & Research. 2011; 11:152-158.

R Santosh Kumar, Kumari Annu. Superdisintegrant: crucial elements for mouth dissolving tablets. Journal of Drug
Delivery & Therapeutics. 2019; 9(2):461-468.

More SA et al. Orodispersible Tablet- A Novel Drug Delivery System. Journal of Pharmaceutical Science and
Technology. 2012; 4 (1): 798 -806.

Janet Roche Johnson, LI-Hua Wang, Marc S.Gordona, Zak T. Chowhan. Effect of Formulation Solubility and
Hygroscopicity on Disintegrant Efficiency in Tablets Prepared by Wet Granulation, in Terms of Dissolution.
Journal of Pharmaceutical Sciences. 1991; 80(5):469-471

Digpati Roy, Debjit Bhowmik, K.P.Sampath Kumar. A comprehensive review on superdisintegrants used in
orodispersible tablets. Indian Journal of Research in Pharmacy and Biotechnology. 2014; 2(4): 1297-1302.

Lavika Gandhi, MD. Semimul Akhtar. Comparative study on effect of natural and synthetic superdisintegrants in
the formulation of orodispersible tablets. Journal of Drug Delivery & Therapeutics. 2019; 9(2):507-513.

Abha, Loveleen Preet Kaur. Superdisintegrants: An Arising Exemplar in Orodispersible tablets. International
Journal of Drug Research and Technology. 2015;5 (1): 01-12.

Mohammad Ali Shahtalebi, Majid Tabbakhian, Sina Koosha. Formulation and evaluation of orally disintegrating
tablet of ondansetron using natural superdisintegrant. Journal of HerbMed Pharmacology. 2015; 4(3): 102-109.

Nitin K Kapse, Vilas P Bharti, Arunadevi S Birajdar, Anirudha V Munde, Pranita P Panchal. Co-Processed
Superdisintegrants: Novel Technique for Design Orodispersible Tablets. Journal of Innovations in Pharmaceuticals
and Biological Sciences. 2015;2(4):541-555.

Pitliya Prateek, Saini Pramod, Garg Shiv K, Pareek Ajay K. Co-processed superdisintegrant a novel approach for
reducing risk in dosage form formulation. Journal of Medical Pharmaceutical and Allied Sciences. 2014; 3:45-54.
Piplani Mona, Diwedi Rohini, Bhagwat Deepak Prabhakar, Pahwa Rakesh. Studies on Orally Disintegrating
Tablets Prepared by Using Natural and Synthetic Superdisintegrants. International Journal of Drug Delivery
Technology. 2018; 8(2); 60-66.

Sharma Shailesh, Gupta Ghanshyam Das. Preparation and evaluation of co-processed superdisintegrant in the
design of prochlorperazine maleate fast dissolving tablets, Journal of Drug Delivery & Therapeutics; 2011, 1(2): 1
9.

Kumar R, Patil S, Patil M. B, Patil S. R, Paschapur MS. Isolation and evaluation of disintegrant properties of
Fenugreek seed mucilage. International Journal of Pharm Tech Research. 2009; 1(4): 982-996.

Bhatti S, Kaushik M. Utilization of natural superdisintegrant in mouth dissolving tablet: A simplified review.
Innovations in Pharmaceuticals and Pharmacotherapy. 2020;8(2):32-38.

Yonni Eshovo Apeji, Fidelis Dzarma Zechariah, Sophie Nock Anyebe, Babajide Tytler, Adeniji Kehinde
Olowosulu, Avosuahi Rukayat QOyi. Effect of mode of superdisintegrant incorporation on tableting properties of
metronidazole granules. Pharmaceutical Sciences Asia 2019; 46 (1), 25-32.

Siyad A R. Hypertension. Hygeia Journal for drug and medicines. 2011;3(1):1-16.

http://www.pascar.org.

http://www.drugbank.com

49618



http://www.tnsroindia.org.in
http://www.pascar.org.
http://www.drugbank.com

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Reshma and Senthila

Table 1. Composition of Propranolol Hydrochloride ODTs with synthetic superdisintegrants

Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9
Propranolol Hydrochloride 40 40 40 40 40 40 40 40 40
Crospovidone 4 8 12 - - - - - -
Croscarmellose sodium - - - 4 8 12 - - -
Sodium starch glycolate - - - - - - 4 8 12
Microcrystalline cellulose 40 40 40 40 40 40 40 40 40
Mannitol 111 107 103 111 107 103 111 107 103
Saccharin sodium 2 2 2 2 2 2 2 2 2
Magnesium stearate 2 2 2 2 2 2 2 2 2
Talc 1 1 1 1 1 1 1 1 1
Total weight (mg) 200 200 200 200 200 200 200 200 200
Table 2. Composition of Propranolol Hydrochloride ODTs with natural superdisintegrants
Ingredients(mg) F10 F11 F12 F13 F14 F15
Propranolol Hydrochloride 40 40 40 40 40 40
Guar gum 4 8 12 - - -
Agar - - - 4 8 12
Microcrystalline cellulose 40 40 40 40 40 40
Mannitol 111 107 103 111 107 103
Saccharin sodium 2 2 2 2 2 2
Magnesium stearate 2 2 2 2 2 2
Talc 1 1 1 1 1 1
Total weight (mg) 200 200 200 200 200 200

Table 3. Mixture code and ratio of selected co-processed blend of Superdisintegrants
Co-processed blends of CpSl | CpS2 CpS3 CpS4 CpS5 CpS6 CpS7 CpS8
superdisintegrants
Crospovidone + 11 1:2 - - - - - -
Sodium starch glycolate
Crospovidone + Guar gum - - 11 1:2 - - - -
Sodium starch glycolate - - - - 11 1:2 - -
+ croscarmellose sodium
Guar gum + Agar - - - - - - 11 12

Table 4. Composition of Propranolol Hydrochloride ODTs with co-processed superdisintegrants

Ingredients (mg) F16 F17 F18 F19 F20 F21 F22 F23
Propranolol Hydrochloride 40 40 40 40 40 40 40 40

CpS1 12 - - - - - - -

CpS2 - 12 - - - - - -

CpS3 - - 12 - - - - -

Cps4 - - - 12 - - - -

CpS5 - - - - 12 - - -

CpS6 - - - - - 12 - -

CpS7 - - - - - - 12 -
CpS8 - - - - - - - 12
Microcrystalline cellulose 40 40 40 40 40 40 40 40
Mannitol 103 103 103 103 103 103 103 103
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Saccharin sodium 2 2 2 2 2 2 2 2
Magnesium stearate 2 2 2 2 2 2 2 2
Talc 1 1 1 1 1 1 1 1

Total weight (mg) 200 200 200 200 200 200 200 200

Table 5. In-vitro drug release profile of optimized formulation and marketed formulation

% Cumulative drug release
. . Marketed product
Time(min) F18 (Inderal 40)
5 45.16 32.66
10 67.23 36.04
15 81.20 40.54
20 86.72 50.68
25 94.60 56.31
30 98.65 66.44
40 - 76.58
50 - 85.59
60 - 95.73

Figure 1. IR spectrum of Propranolol Hydrochloride + blend of CP+ SSG+ CCS+ Guar gum and agar +
Mannitol + MCC+ Saccharin sodium+ Magnesium stearate+ Talc

Figure 2. Prepared Propranolol Hydrochloride ODTs
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ABSTRACT

Mulberry (Morus alba L.) is a perennial, evergreen, fast growing an invaluable tree of immense
importance in the silk industry due to its foliage, which constitutes the chief food for the silkworms
(Bombyx mori L.), the source off fabulous silk. Outbreak of mulberry root rot disease is more frequent,
because of intense cultivation, loss of plant vigor and increased susceptibility to soil-borne pathogens
thereby limiting leaves yield and silk production. Root rot disease of mulberry was recorded plant
mortality of 30%, leaf loss 37.82 %. In the present study, the rhizosphere soil of mulberry was collected
and isolated nearly ten PGPR isolates and their morphological and biochemical characteristic was
studied. All the ten isolates of PGPR were tested for antagonistic property against soil borne pathogens
such as Macrophomina phaseolina, Fusarium oxysporum and Fusarium solani evaluation by dual culture
technique under in vitro condition. Mycelia growth was recorded maximum in all the treatment over
control. The results of different isolates were statistically compared by Duncan’s multiple range tests. The
percentage mycelia growth inhibition over control was recorded in the order of T2 >T10 >T8 > T3 against
the fungal pathogens tested. Among the ten PGPR isolates were tested against root rot pathogens viz,.
The three fungal pathogens, the maximum PI1%, IZ (mm) were recorded in isolates (Pseudomonas
fluorescence - (T2) (53.33 %, 25 mm), (40%, 28mm), (32.43 %, 25mm) Bacillus velezensis- (T10) (51.11 %,22 mm),
(28.71%, 20 mm), (65.9 %, 25mm), Azotobacter sp.- (T8) (44.44 %, 20 mm), (24%, 22 mm),( 17.14%, 22 mm), and
Azospirillum sp.- (T3) (42.22 %, 23 mm), (21.73 %, 22 mm) (13.15%, 23 mm). Therefore, the selected isolates
were found to inhibit all the three soil borne fungal growth under in vitro conditions and it was used for
further studies.
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INTRODUCTION

Mulberry contributed to the bulk of silk production in India with almost 24 thousand metric tonnes produced in the
financial year 2021. Mulberry plants, specifically the leaves are a primary source of food for the silkworm Bombyx
mori. Mulberry is a perennial, evergreen, fast growing tree belonging to Moraceae family (Ramesh et al., 2014). Root rot
is the most dangerous disease due to its epidemic nature and potentiality to kill the plants completely and poses a
serious problem during mulberry cultivation in almost all the sericultural cultivation countries. Various types of the
mulberry root rot diseases have been reported from all over the world. They are dry root rot (Fusarium sp), black root
rot (botrydiploda theobromae), charcol root rot (Macrophomina phaseolina) which lead to leaf yield loss of 37.82%, violet
root rot (Helicobasidium mompa), white root rot, Armilaria root rot and bacterial root rot. Among them, the dry
(Fusarium), black and charcol root rot are reported in india (Philip et al., 1995; Sukumar and Padma, 1999). The
disease was reported from almost all types of soil, under varied agro climatic conditions throughout the year. It
initially appears in an isolated patch in few plants, Root rot disease of mulberry was recorded plant mortality of 30%,
leaf yield loss of 31.5 % and reduction in cocoon production by 756 kg/ha garden (Chowdary and Govindaiah 2009,
Mukunda et al., 2021). Many bacteria are known to be able to stimulate plant growth through direct or indirect
interactions with plant roots and these have been classified as Plant Growth Promoting Rhizobacteria. (PGPR) are
root associated bacteria that colonize the rhizosphere and improve plant growth when introduced onto seeds, seed
pieces, roots, or into soil. Indeed, the bacteria lodging around/in the plant roots (rhizobacteria) are more versatile in
transforming, mobilizing, solubilizing the nutrients compared to those from bulk soils (Hayat et al., 2010). Therefore,
the rhizobacteria are the dominant deriving forces in recycling the soil nutrients and consequently, they are crucial
for soil fertility (Glick, 2012; Ahemad and Kibret, 2013).

PGPR improve the plant growth by one or more mechanisms: direct stimulation of plant growth; enhancement of
nutrient uptake; suppression of plant pathogens; and/or induction of resistance in plant hosts against pathogens.
PGPR are found in a very wide range of genera and some examples include: Actinetobacter, Agrobacterium,
Arthrobacter, Azospirillum, Bacillus, Bradyrhizobium, Burkholderia, Cellulomonas, Frankia, Pantoea, Pseudomonas,
Rhizobium, Serratia, Streptomyces and Thiobacillus. The use of microorganisms with the aim of improving nutrients
availability for plants is an important practice and necessary for agriculture (Freitas et al., 2007). Significant increases
in growth and yield of agronomically important crops in response to inoculation with PGPR have been repeatedly
reported by many researches (Figueiredo et al., 2008; Arau jo 2008; Manoharm melvin et al.,(2009); karthikeyan et al.,
(2010); Jay Shankar Singh, 2013; Loganathan et al., 2014; Turan et al., 2014); Meena and karthikeyan 2019; Karthikeyan
and kasinathan (2020); Panjanthan prakash et al.,(2021). In the present study, an attempt was made to isolate,
characterizes and as certain the antagonistic role of different PGPR strains from mulberry rhizosphere soil and tested
against root rot pathogens.

MATERIAL AND METHODS

Collection and Isolation of Root Rot pathogens in Mulberry Plant:

Survey was conducted at different locations of krishnagiri district in Tamil Nadu were mulberry were grown. Nearly
15 Root rot diseases affected rhizosphere soil sample and decayed black bark samples bearing micro sclerotia of the
fungus and characteristic symptoms of root rot were carefully collected from the farmer’s fields. The diseased
specimens were packed in paper bags and properly labeled, brought to the laboratory and soil samples were stored
in refrigerator at 4°C for further studies. Decayed roots were first washed under the tap water and then cut in to
small pieces along with healthy portion. These root pieces were surface sterilized by dipping in 0.1 % sodium
hyphocholride solution for 1:1 % minutes after three conservative washing with sterilized distilled water the pieces
were transfer to autoclaved PDA medium in petriplates incubated at 25 + 1° ¢ and plates are placed in to BOD
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incubator 7 days. The fungal colonies of Macrophomina phaseolina, Fusarium oxysporum and Fusarium solani
enumerating from bits were examined 7 days incubation. The isolates further purified by mono - hyphal tip method,
identified and maintained on PDA medium, (Raja gopal reddy et al., 2009).

Isolation and screening of PGPR

10 rhizosphere soil samples were collected from 10 different mulberry fields of krishnagiri area of Tamil nadu (Table
1). PGPR strains were isolated by the serial dilution method. The soil samples were serially diluted up to the dilution
of 106 using Nutrient Agar and incubated at 30°C for 2 days. The further the colonies awere purified by streak plate
method and colonies were identified by biochemical methods (Table 2). The PGPR isolates are Bacillus subtilis,
Pseudomonas fluorescens, Azospirillum sp., Pentoea dispera, Pseudomonas putida, Streptomyces rimoseus, Streptomyces
monomycini, Azotobacter sp, Xandhomonas sp, Bacillus velezensis. Further the PGPR isolates were analyzed for
morphological and biochemical characteristics for identification, the cultures were preserved by using standard
preservation methods.

Screening and In vitro efficacy of PGPR against root rot pathogens

Ten PGPR isolates were tested against the pathogens for their antagonistic activity by dual culture technique. The ten
PGPR isolates were streaked 5 days prior to pathogens inoculation in 90 mm (O) Petri dishes and incubated at 32°C
(Kunova et al., 2016). Separate control plates for each pathogen without the test isolate and 3 replications were
maintained. The inhibition percentage of mycelia growth (PI) was calculated using the formula (Shrivastava et al.,
2017), characterize and as certain the antagonistic role of PGPR strains from mulberry rhizosphere against root rot
pathogens.

Radial growth in control (C) - Radial growth in treatment (T)
Pl = x 100
Radial growth in control

Radial growth of the pathogens (cm), Radial growth in treatment (in cm) was measured and multiple comparisons
were subjected of ANOVA.

In- vitro testing of different PGPR isolates against various mulberry root rot pathogen:

The ten PGPR isolates were screened individually against radial mycelial growth of Macrophomina phaseolina,
Fusarium oxysporum and Fusarium solani by dual culture technique (Dennis and Webster 1971). The sterilized cork
borer used to disc 6 (mm) were spotted with 20 ul of bacterial suspension of are Bacillus subtilis, Pseudomonas
fluorescens, Azospirillum sp., Pentoea dispera, Pseudomonas putida, Streptomyces rimoseus, Streptomyces monomycini,
Azotobacter sp, Xanthomonas sp, Bacillus velezensis. individually and placed on one side of the Petri plate (1 cm from
the edge of the plate) containing PDA medium. The bacterial suspension of 20ul added to the well one side of the
Petri plate (1 cm from the edge of the plate) containing PDA medium. The myecelial disc (6 mm) of a seven-day-old
culture of Macrophomina phaseolina, Fusarium oxysporum and Fusarium solani was placed on the opposite side of the
spot inoculation. The plates were incubated at room temperature (28+ 2°C) for seven days and the inhibition zone
was measured shown.

RESULT

Isolation and identification of mulberry root rot pathogens

The three pathogens viz., Macrophomina phaseolina, Fusarium oxysporum and Fusarium solani, were isolated from
diseased plants collected from different locations of krishnagiri district in Tamil nadu (Table 1). The isolated
pathogens were identified according to morphological characteristics and confirmed using partial sequencing of ITS
region.
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Isolation of different PGPR isolates from mulberry rhizosphere soil sample

Ten PGPR isolates were obtained from mulberry rhizosphere soil were screened for various biochemical tests (Table
2) viz., Gram reaction, Motility, Cell shape, Pigmentation Production, Catalase, Oxidase, Urease, Citrate Utilization,
Casein Hydrolysis, Indole Test, Starch test. The T2 isolate showed negative for gram reaction, Urease, Indole Test,
Starch test and positive for catalase, oxidase, citrate utilization, casein hydrolysis and fluorescent pigment
production test which helped to identify as Pseudomonas fluorescens. The T3 isolate shows cell shape as spiral rod and
shows positive reaction for motility, gram reaction, catalase, oxidase, citrate utilization ,casein hydrolysis, urease,
indole, starch and produced sub surface pellicles in nitrogen free bromothymol blue medium, which helped to
identify as Azospirillum sp. The T8 isolate shows negative for gram reaction, Catalase, Urease, Casein Hydrolysis,
Starch test and positive for pigment production, oxidase, citrate utilization and indole production test and were
characterized as Azotobacter sp. The T10 isolates showed positive for gram reaction, motility, catalase, oxidase, urease
and starch test which helped to characterize these isolates as Bacillus velezensis.

Efficiency of different PGPR isolates against mulberry root rot pathogen by dual culture techniques:

The ten PGPR isolates were tested against three fungal pathogens for antagonistic activity such as Macrophomina phaseolina,
Fusarium oxysporum, Fusarium solani the Pl %, RG (mm) and IZ (mm) were recorded (Table 3). Among the ten PGPR
isolates were tested against three fungal pathogens, the maximum P1%, RG (mm) and 1Z (mm) were recorded in the isolate
Pseudomonas fluorescens (T2) (53.33 %, 45mm, 25 mm), (40%, 45 mm, 28mm), (32.43 %, 45mm, 25mm) followed by by
Bacillus velezensis (T10) (51.11 %,35 mm, 22 mm), (28.71%, 48mm, 20mm), (65.9 %, 27mm, 25mm), Azotobacter sp. (T8) (44.44
%, 35 mm, 20 mm),(24%, 32mm, 22mm),( 17.14%,32 mm,22 mm), Azospirillum sp. (T3) (42.22 %, 45 mm, 23 mm), (17.85%,
44mm, 22mm) (13.15%, 43mm, 23 mm) showed broad antifungal activity against in all the three fungal pathogens.
However T2, T10, T8, T3 isolates exhibited significant over control. Whereas the treatment T1, T4, T5, T6, T7, T9 were
recorded the minimum antifungal activity against all the three plant pathogens (Fig 1, 2, 3).

DISCUSSION

Symptoms of root rot affected mulberry plants were similar as observed by previous workers (Sharma et al., 2003;
Saratha et al.,, 2022) recorded progressive wilting, premature drying, loss of vigor and yield reduction as the
characteristic root rot symptoms in mulberry plants soil born disease pose a serious problem in mulberry cultivation
during nursery plantation and established garden, which cause severe loss in revenue generation of mulberry
growers as compared to other foliar diseases. Among them, root knot and root rot affect the established plantation
resulting in severe loss in leaf yield apart from deterioration in leaf quality, which is a prerequisite in successful
sericulture to get the good quality of cocoons. These are dry root rot (Fusarium), black root rot (Botrydiplodia
theobromae), charcoal root rot( Macrophomia phaseolina), violet root rot (Helicobasidium mompa), reported in india (Philip
et al ., 1995; sukumar and padma, 1999). We isolated ten PGPR isolates from mulberry rhizosphere such as Bacillus
subtilis, Pseudomonas fluorescens, Azospirillum sp., Pentoea dispera, Pseudomonas putida, Streptomyces rimoseus,
Streptomyces monomycini, Azotobacter sp, Xanthomonas sp, Bacillus velezensis. Which has the capacity of plant growth
promotion activity. Our results showed that PGPR isolates of Psudomonas fluorescens , Bacillus velezensis , Azospirillum
sp and Azotobacter sp. could significantly decreased the root infection of mulberry plant. Plant Growth Promoting
Rhizobacteria (PGPR) has the ability to colonize and suppress the soil-borne pathogens at the plant roots (Rangajaran
et al., 2003). PGPR Mulberry rhizosphere soil was focused in this study to isolate novel and endemic antagonist as
well. Antimicrobial properties of root exduates were also increasing the chances of rare and potent actinobacterial
isolation (Ashokvardhan et al., 2014). The application of microorganisms to control diseases, which is a form of
biological control, is an environment-friendly approach (Arshad et al., 2007). The major indirect mechanism of plant
growth promotion in rhizobacteria is through acting as biocontrol agents (Glick 2012) of plant growth-promoting
traits, the ability to utilize cellulose along with N2 fixation activity and IAA production may play an important role
in promoting rice growth. All the ten PGPR isolates are suppresses the three fungal isolates growth under tesded in
vitro conditions. The antagonistic activity of PGPR isolates, against soil borne pathogens done by dual culture
method under in vitro conditions was showed in Fig: 1,2 & 3. Among the tested PGPR isolates, Pseudomonas
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fluorescens showed an maximum inhibitory effect (Pl % over control). The percentage of mycelia growth inhibition
compared to control was recorded in Macrophomina phaseolina, Fusarium oxysporum and Fusarium solani and was 53.33,
40 , 32.43 respectively followed by Bacillus velezensis ( 51.11, 28.71, 65.90), Azotobacter sp (44.44, 24,17.14), Azospirillum
sp. (42.22, 17.85, 13.15) No growth was observed in control (Table -3). Rangeshwaram and Prasad (2000) also
observed that Pseudomonas putida (PDB CAB 19) and Pseudomoas fluorescens (PDB AB2) were found to be most
effective against Fusarium oxysporum. Srinivasan (2003) rewarded that the Pseudomoas fluorescens inhibited mycelia
growth of Fusarium sp. (52%) and produced notable inhibition zone of 11.2 and 4.8 mm, respectively in petriplate, the
smilar kind of activity is observed in the present experiment. Hilda sundar et al,.(2021) also reported the Pseudomonas
fluorescens have antagonistic effect against Macrophomina phaseolina, Fusarium sp., Rhizoctonia solani and Alternaria
alternata.

CONCLUSION AND FUTURE RECOMMENDATIONS

In this study, We isolated ten PGPR (Plant Growth-Promoting Rhizosphere) isolates from mulberry rhizosphere. The
PGPR isolates have highly antagonistic activity shown inherent potential as biocontrol agents against mulberry root
rot pathogens. The better disease control in the PGPR isolates may be due to the different mechanism of action
isolates could significantly decreased the root infection of mulberry plant.
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Table 1.Mulberry rhizosphere soils collected from different locations of Krishnagiri district of Tamil Nadu.

S.No Name of the location Soil type Mulberry variety
1. Pollupalli Red soil V1
2. Sundagiri Red soil V1
3. Gangasamuthiram Red soil V1
4, Melumalai Red soil V1
5. Bhandharapalli Red soil V1
6. Maniyandapalli Red soil V1
7. Soolagiri Red soil V1
8. Gumanoor Red soil V1
9. Rayakottai Red soil V1
10. Manavarn palli Red soil V1

Table 2: Morphological and biochemical characteristics of different PGPR isolates

from mulberry rhizosphere

soil.
c B4]
o n
c 8
2 > 8 g g @ ® S %‘ ?
o = N 3
: g £ 8 SE | £ |2|8|=z| 35 |- 6
S.No PGPR isolates o = Z g 5 s |85 22| &
o _— Q5 =< = -] T ° =
= = © E o S10|2| g c |T| @©
© o = O = —_
— O = A © @ E
O] o b= o
O O
1 Bacillus subtilis +ve + Rod - + + + |+ _ + N
P mon
5 seudomonas “ve N Rod . . . . . ] ]
fluorescens
3 Azospirillum sp. +ve + Rod + + + + | o+ + + +
4 Pentoa dispersa -ve + Rod - + - - - - - -
5 Pseudomonas putida -ve + Rod + + + - + + - +
6 Streptomyces rimosus +ve + Rod + + - - - + - +
7 Streptomyces griseus +ve + Rod + + - - - + - +
8 Azotobacter sp. -ve + Rod - - + R _ R
9 Xanthomans sp. -ve + Round + - + - - _
10 Bacillus velezensis +ve + Rod + + + - - - +

(+) Showed positive growth; (-) Showed No growth.

Table 3: In - vitro screening and efficiency of different PGPR isolates against Mulberry root rot pathogens :

SN Macrophomina phaseolina Fusarium oxysporum Fusarium solani
(6] PGPR 1Z RG 1z RG 1z RG

Pl % Pl % P1%

(mm) (mm) (mm) (mm) (mm) (mm)

T1 Bacillus subtilis 18 30 0e 28 2.1 8.69i 24 24 7.89f
T2 Pseudomonas fluorescens 25 45 53.33 28 45 402 25 45 32.430
T3 Azospirillum sp. 23 45 42.22¢ 22 44 21.73¢ 23 43 13.15d
T4 Pentoa dispersa 14 32 3.84¢ 14 32 129 18 48 5.71f
T5 Pseudomonas putida 16 31 9.67d 14 38 17.85¢ 19 49 14.284
T6 Streptomyces rimosus 17 31 9.67 11 34 20d 13 43 5f
T7 Streptomyces griseus 15 34 4.160 14 31 15.38f 12 42 10.25¢
T8 Azotobacter sp. 20 35 44.44p 22 32 24p 22 32 17.14¢
T9 Xanthomans sp. 17 33 3.44¢ 15 38 0 13 43 2.63f
T10 Bacillus velezensis 22 35 51.112 20 48 28.71b 25 27 65.92
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T11 CONTROL 0 87 0 0 87 0 0 87
F —test * * *
S.EM 0.058 0.156 0.256
C.D.@ 5% 0.171 0.464 0.760
CcVv 6.136 12.343 16.570

1-J

K - K-control

1. A- Bacillus subtilis,B- Pseudomonas fluorescens,C - Azospirillum sp., D- Pentoa dispersa,E- Pseudomonas
putida, F- Streptomyces rimosus,G- Streptomyces griseus, H- Azotobacter sp., I- Xanthomans sp., J - Bacillus
velezensis., K — control (Macrophomina phaseolina)

Fig. 1- Show the Macrophomina phaseolina Root rot pathogen against different PGPR isolates
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control
2 A- Bacillus subtilis,B- Pseudomonas fluorescens,C - Azospirillum sp., D- Pentoa dispersa,E-
Pseudomonas putida, F- Streptomyces rimosus,G- Streptomyces griseus, H- Azotobacter sp., I-
Xanthomans sp., J - Bacillus velezensis., K — control (Fusarium oxysporum)
Fig. 2 Fusarium oxysporum Root rot disease pathogen against PGPR isolates
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3-K control
3.A- Bacillus subtilis,B- Pseudomonas fluorescens,C - Azospirillum sp., D- Pentoa dispersa,E- Pseudomonas
putida, F- Streptomyces rimosus,G- Streptomyces griseus, H- Azotobacter sp., I- Xanthomans sp., J -
Bacillus velezensis., K — control (Fusarium solani)
Fig . 3 - Fusarium solani Root rot disease pathogen against PGPR isolates
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ABSTRACT

Nanoparticles are particles with a characteristic dimension less than 100 nm. The properties of
nanoparticles varies substantially from those of “big” colloidal particles (size bigger than 1 um) because
radius of surface forces, which is around 100 nm, is larger than or comparable the nanoparticles size. The
latter means each nanoparticle can be completely covered by the surface forces of the adjacent particles at
sufficiently little separation. Nanosuspension can be defined as very finely colloid, biphasic, dispersed
solid drug particles in an aqueous vehicle, size below 1 um stabilized by surfactants and polymers
prepared by suitable methods for drug delivery applications. Nano suspensions have emerged as a
promising strategy for the efficient delivery of hydrophobic drugs due to their versatile features and
unique advantages. Techniques like media milling and high-pressure homogenization are used
commercially for producing nano suspensions. The unique features of nano suspensions have enabled
their use in various dosage forms, including specialized delivery systems like mucoadhesive hydrogels.
Rapid strides are made within the delivery of nano suspensions by parenteral, peroral, ocular and
pulmonary routes. Recently, efforts are being directed to extending their applications in site-specific drug
delivery.

Keywords: Nanosuspension, solubility, homogenization, emulsion, micronization
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INTRODUCTION

Nanosuspension is combination of two words i.e. Nano means very small, minute one billionth parts 10-9 and
suspension means heterogenous mixture within which solute particles are suspended within the solvent floating
freely within the medium. Nanosuspension is biphasic in nature during which colloidal solid fine particles are
distribute in aqueous vehicle equilibrated by surfactants. quite 40% of recent chemical entities being generated
through drug discovery programmes are poorly water soluble [1]. The formulation of incompetently water-soluble
drugs has always been a demanding problem faced by pharmaceutical scientists. There are numerous conventional
methods like micronization, solubilisation using co-solvents, surfactant dispersions and precipitation technique has
been developed for improving solubility of poorly water soluble drugs. However these techniques show limitations
to the drugs which aren't soluble in both aqueous and organic solvents. Nanosuspension may be processed for the
API that's having either of the subsequent features: Water insoluble however which are soluble in oil (high log P) or
API are insoluble in water and also in oils and drugs with reduced tendency of the crystal to dissolve, no matter the
solvent APl with very large dose [2].

Advantages of Nanosuspension [3,4]

1. Enhanced rate and extent of absorption

2. Enhanced dissolution rate

3. Increased physical and chemical stability of drug.

4. Suitable for hydrophobic drugs.

5. Higher drug loading will be achieved.

6. Dose reduction is feasible.

7. Provides passive drug targeting.

8. Are often delivered through various routes like oral, parenteral, ocular, and pulmonary.

9. Nanosuspensionare often formulated with compounds insoluble in water but soluble in oil.

10. Provides simplicity of producing and rescale for big scale production.

11. Oral administration of Nano-suspensions gives quick onset, improved bioavailability.

12. Rapid dissolution and tissue targeting will be accomplished by intravenous route of administration.

13. Reduction in tissue irritation just in case of subcutaneous or intramuscular administration.

14. Higher bioavailability is accomplished on account of occular administration and pulmonary delivery.

15. Drugs with higher log P worth may be planned as Nanosuspensions to reinforce bioavailability.

16. Improvement in biological performance is thanks to the high dissociation rate and saturation solubility of
medication.

17. Nano-suspensions are often consolidated in tablets, pellets, hydrogels and suppositories are appropriate for
various courses of organization.

FORMULATION OF NANOSUSPENSION

1. Stabilizers: Saturated the drug particles from top to bottom; put a stop to Ostwald’s ripening and agglomeration
of nanosuspensions, providing steric or ionic barriers. eg: Lecithin, Poloxamers, Polysorbate, Cellulosic,
Povidones.

2. Co surfactants: Influence phase behaviour when micro emulsions are wont to formulate nanosuspensions. eg:
Bile salts, Dipotassium Glycyrrhizinate, Transcutol,Glycofurol, Ethanol, Isopropanol.

3. Organic solvent: Pharmaceutically acceptable less hazardous solvent for preparation of formulation.eg: Methanol,
Ethanol, Chloroform, Isopropanol, ester, Ethyl formate, Butyl lactate, Triacetin, Propylene carbonate, Benzyl
alcohol.

4. Other additives: consistent with the necessity of the route of administration or the properties of the drug moiety.
e.g: Buffers, Salts, Polyols, Osmogens, Cryoprotectant [5].
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PREPARTION OF NANOSUSPENSION

Bottom up Technology

The common precipitation processes (Hydrosols) are called Bottom Up technology. By hire the precipitation method,
drug is dematerialized in an organic solvent and that solution must be drawn up with an additional miscible anti
solvent. As a result of less solubility in solvent-water mixture, drug precipitates. Precipitation further related to high
shear processing. Nano edge method pivot on friable ingredients. Precipitation for achieve success fragmentation
under circumstances of greater shear and thermal energy [6]. This is often attained by an amalgamation of fast
precipitation and high- pressure homogenization. Fast adding of drug solution to any antisolvent facing abrupt
super saturation of mixed solution and generation of fine amorphous or crystalline solids. Amorphous material
precipitation perhaps dressing at high level super saturation during when solubility of amorphous state is surpassed
[7.8].

Top down Technology

High pressure homogenization

This method is majorly employed to develop nanosuspension of various poorly aqueous soluble drugs [9]. During
this method, the drug and surfactant suspension is strained under air mass by using nano sized aperture valve of a
high level pressure homogenizer. The principle of this technique relies on aqueous phase cavitation. The particles
with cavitations forces are adequately excessive for conversion of drug micro particles to nanoparticles. The most
pander to this process is necessity for small sample particles previously loading. This kind of technology was
established by R.H. Mller by employing a piston type air mass homogenizer [10].The main Principle is reduction of
particle size by aqueous phase cavitation. Particle size also decreased due to high level shear forces and particles
collision between each other. The dispersion present in three cm diameter of cylinder; instantaneously moves over a
really tapered gap of twenty five um. As stated by Bernoulli’s Law, the liquid flow volume in an exceedingly closed
system per cross section may be always constant. The decrease in diameter from 3 cm - 25 um gives rise to growth in
dynamic pressure and decreased static pressure which is below water boiling point maintained at temperature. By
virtue of this, water boils at temperature and leads to formation of gas bubbles, that will burst after suspension
leaves gap (called cavitations) and regular atmospheric pressure are attained. The drug nanocrystals size which
might be attained chiefly looking on features like temperature, homogenization cycles number, and power density of
homogenization pressure and homogenizer[11].Advantages of this method is that, it doesn’t produce to abrasion of
processed materials, apart to very dilute, also greatly concentrated nanosuspensions is developed by handling 1 -
400mg/ml of drug amount, and it is appropriate to all drugs which have poor solubility in aqueous and organic
media. Preprocessing like drug Micronization and requirement of expensive devices are the disadvantages of this
technique [12,13].

Nonaqueous Homogenisation (nanopure)

It is a method within which suspensions are homogenized in anhydrous media or aqueous mixtures. In Dissocubes
methodology, the cavitation is significant determining factor of method. But then, in contrary to water, oily fatty
acids and oils have almost less pressure level and greater boiling point. Thus, fall of static pressure might not be
capable start cavitation. Patents veiling polymeric material disintegration using high level pressure homogenization
remark that, only at temperatures of above 80°C encouraged disintegration, which cannot use for warmth sensitive
compounds. Within nanopure process, the suspensions of drug compounds which are in non- aqueous media were
subjected to homogenization at 0° C or sometimes even but the melting point and so that they are called "deep-
freeze" homogenization. The outcomes acquired to Dissocubes are also employed virtually for thermolabile
compounds at warmer circumstances [14].

Nanoedge

The drug nanoparticles formed by precipitation have propensity to require up development of crystal to microcrystal
size. This is required to be refined with greater level of energy forces. These are fully amorphous, partially
amorphous or totally crystalline which produce difficulties in its lasting stability and also in bioavailability. Thus, the
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precipitated particle suspension remains ensuing homogenization which maintain particle size acquired afterwards
the precipitation [15].

Lipid emulsion/micro emulsion template

Lipid emulsions, suitable for drugs which are soluble in vaporous organic solvents and partly water miscible
solvents. This method ends up in an organic solvent or mixture of solvents packed together with drug and
distributed in an aqueous phase with appropriate surfactants for forming an emulsion. The organic phase was later
vaporized under reduced pressure to make drug particles and precipitate briskly to make a nanosuspension that's
stabilized by surfactants. Alternate approach to develop nanosuspensions are to use an emulsion which will be
prepared from regular process employing a partly water miscible solvent for dispersed particles. Nanosuspensions
are acquired just by thinning the emulsion. As templates, micro emulsions can develop nanosuspensions. Micro
emulsions, thermodynamically firm, isotopically transparent dispersions of two immiscible liquids like oil and water
which are balanced by using an interfacial film of co-surfactant and surfactant. The drug is also either loaded into
inner phase or into accomplishes micro emulsion and will be soaked together with drug by dense mixing.
Appropriate micro emulsion dilution gives drug nanosuspension. An exemplary of this method is that the
griseofulvin nanosuspension that has been prepared by micro emulsion method employing water, lecithin, butyl
lactate and taurodeoxycholate sodium [16, 17].

Media milling

This technique is foremost promoted and described by Liversidge. Nanosuspensions developed by employing high
shear media mills. The milling chamber is full of water, drug, milling media, and stabilizer, and then it is subjected to
rotate at an excellent shear charge under regulated temperatures for several days. The milling medium comprised of
zinc oxide, glass or cross-linked polystyrene gum. As a consequence of milling media impaction, high energy shear
forces are produced together with drug yielding to smashing of micro particulate drug into nanosized particles [18].
Advantages of this method includes, highly dilute and concentrated nanosuspensions could be developed through
handling 1 - 400 mg/ml of drug amount and nanosized drug distribution to last nanosized product.

Dry co-grinding

Nowadays, nanosuspensions could also be acquired through dry milling processes. Developing steady
nanosuspensions by employing dry-grinding of poorly soluble drugs with suitable soluble polymers and co-
polymers subsequently dissolving in a very liquid media has been reported which was said to be a successful work.
Itoh et al., stated that, the colloidal particles formation of various poorly aqueous soluble drugs like glibenclamide,
nifedipine & griseofulvin acquired by crushing with sodium dodecyl sulfate and PVP. Numerous soluble polymers
and co-polymers like polyethylene glycol, Poly vinyl pyrrolidine, cyclodextrin derivatives and hydroxypropyl
methylcellulos has been utilized. Physicochemical characteristics and dissolution of poorly aqueous soluble drugs
were ameliorated through co-grinding for an enhancement in transformation and surface polarity from a crystalline
form to an amorphous drug [19].

Precipitation

Precipitation has been put in last decade to develop submicron particles, majorly for the aim of poorly soluble drugs.
Generally, the drug is primarily dissolved in solvent and the identical solution is needed to employ a miscible anti
solvent within the existence of surfactants. Fast adding of drug solution to anti solvent (i.e., water) create to
unexpected drug super saturation within mixed solution and causing of ultrafine crystalline or shapeless drug solids.
This method include two stages: nuclei formation and crystal growth. While making a stable suspension with least
particle size, a greater nucleation rate but fewer rates is inevitable. Together rates are reliant on temperature, the
foremost favourable temperature for nucleation should be below than for the sake of crystal growth [20].

Supercritical fluid method
Supercritical fluid process could also be employed to develop nanoparticles from the drug solutions. Many
techniques ventured are fast supercritical solution expansion method, supercritical anti-solvent method and
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precipitation - compressed anti-solvent method. RESS necessitate drug solution expansion in supercritical fluid by a
nozzle that provides a solvent power loss of supercritical fluid ensuing in drug precipitation within the variety of
fine particles. Young et al. developed cyclosporine nanoparticles varying a size of 400 to 700 nm employing this
method. In PCA technique, the drug solution is atomized into a cabin holding compressed CO2. As solvent is
removed, solution undergoes supersaturated and precipitates within the style of fine crystals. The supercritical anti-
solvent technique utilizes supercritical fluid into which a poorly soluble drug and also solvent for that specific drug
which too miscible within supercritical fluid is added. The drug solution is introduced into supercritical fluid so that
the solvent gets removed by supercritical fluid and finally the drug solution undergoes super saturation. The drug is
later precipitated within the fine crystals form. Griseofulvin nanoparticles, a poor solubility drug, were developed by
Chattopadhyay et al. employing this system. The scam of above processes are utilization of dangerous solvents and
utilization of high fractions of stabilizers and surfactants as compared with extra processes, particle nucleation
overgrowth because of divergent great super saturation which will also ensue in improvement of an amorphous
form or alternate undesired polymorph [21].

Nanojet technology

This method also called nanojet technology or opposite stream, utilizes a cabin where a suspension stream is
diminished to 2 or more fractions, which is able to colloid together with each other at great pressure. The shear force
developed during the strategy outcomes in reduction of particle size. Instrument with these criteria embraces M110L
and M110S micro fluidizers. Dearn developed atovaguone nanosuspensions by employing micro fluidization
method. The first drawback of this process is that the more number of passes within the micro fluidizer & product
acquired carry a comparatively huge portion of microparticles [22].

APPLICATION OF NANOSUSPENSIONS

Oral Administration

Oral administration of nanosuspension is the first patient choice due to painless and non-invasive administration.
Reduction of drug particle size to the results in an increased dissolution rate and might improve adhesion of the
drug particles to the mucosa. Better contact with intestinal cells (bio adhesive phase) and a greater concentration
gradient between blood and GIT increase drug intestinal absorption. Nanosuspensions are wont to control infections.
Atovaquone and buparvaquone for the treatment of leishmaniasis and opportunistic Pneumocystis carinii infections
in HIV patients are efficacious in high doses thanks to low bioavailability. A correspondence study of atovaquone
within the kind of micronized particles and nanosuspensions showed that the latter decreased infectivity from 40%
to fifteen. In another sample, buparvaquone nanosuspensions decreased infection from 2.0 to 1.02 and micronized
particles only to 1.47 [23,24].

Parenteral Administration

Parenteral administration comprises administration of dosage forms like subcutaneous, intravenous, intramuscular,
and intra-arterial methods. Advantages of this type of administration include avoidance of first-pass metabolism,
authentic doses, and greater bioavailability. Control over the dose and rate authorize more predictable
pharmacodynamic and pharmacokinetic profiles after IVadministration differentiate to oral administration.
Administered drug particles are required to be less than 5 um to blockage of capillaries. Nanosuspensions improve
therapeutic efficiency and reduce the value of therapy through improved dosing efficiency and lesser injection
volumes [25,26].

Pulmonary Drug Delivery

Advantages of pulmonary drug delivery over oral and parenteral drug administration consist of direct delivery to
the location of action which results in decreased dosage and side effects. Conventional pulmonary delivery systems
provide only rapid drug release, poor duration, and lack of selectivity. Nano suspensions can clear the problems of
poor drug solubility in pulmonary secretions and lack of selectivity through direct delivery to aim on pulmonary
cells. Adhesiveness of nanosuspensions to mucosal surfaces results in improved selectivity thanks to minimal drug
loss and prolonged continuance at target site. Pulmonary nanosuspensions improve drug diffusion and dissolution
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rate and consequently increase bio availability and forestall undesirable drug deposition within the mouth and
pharynx [27].

Ocular Administration

Nanoparticle modified surface by relevant bio erodible polymer prolonged causes residual time in cul-de-sac desired
for effective treatment. Commonly reported polymers in ocular nano suspensions are poly(alkyl cyanoacrylates),
poly caprolactone, and poly(lactic acid)/poly(lacticco-glycolic acid) [28] . Charged nanoparticles have better adhesion
to charged mucin which extends the drug release [29].

CONCLUSION

The nano suspension technology is a beneficial approach for the advancement of humans because of its simplicity,
improved solubility and dissolution. In beginnings, various in vivo studies clearly demonstrate the potential of those
drug delivery vehicles in parenteral, oral, ocular, and pulmonary administration, where not only a controlled release
but also an appropriate bio adhesion is required. Incorporation of polymers on the particle surface and size reduction
is thought to be the long term step in nano suspension research. Nano suspension is commercially possible attempt
to unravel the poor solubility similarly as low bio availability problems of the drugs. For large-scale production of
nano suspension formulation, high-pressure homogenization technology has been widely used. A nano suspension
formulation clears the poor solubility problems, but also improves drug efficacy.
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ABSTRACT

Gait is the systematic study of any human being or animal by extracting reliable gait features. Gait data is
acquired and analyzed by using image processing and machine learning techniques. The proposed
methodology is to identify the illegal intruders in military base by using machine learning techniques.
The image is capture by using CCTV cameras from which the features are extracted and classified. The
extracted features are analyzed in the machine — learning — neural networks pattern recognition. The
features of military people in the base are extracted and saved in the database. The intruders with
different gait features entering the military base is been detected by comparing the gait data base of
military people. The Neural Network pattern recognition identifies the intruders with good percentage of
accuracy. It is used to clearly classify the gait database and newly entering intruders in military base.

Keywords: saved in the database, gait features entering, recognition identifies

INTRODUCTION

Most gait recognition are extracted from windowed silhouette images since they need to be invariant to features
which are easy to concealed [2,3,4]. To avoid shape information a five linked biped human locomotion is used to
extract the gait features. Jeff P. Fosterin his paper proposed that more vital information is obtained in the set of
sequential silhouette images than single silhouette image. Holistic approaches were used to extract features from
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silhouette images in previous works but the temporal component of gait was ignored. Computational complexity
was the disadvantage of model based approach. Jeff P. Foster in his paper proposed a new technique which aims to
consider temporal information by overcoming the above mentioned disadvantages [2].For most of the recognition
achieved silhouette accounted for lower 20% (approx.) [3]. Gait recognition can also be used to detect the symptoms
of cerebral palsy and parkinson’s disease [4]. Bing Sun on his paper proposed two different approaches such as non
wearable and wearable sensors based gait recognition [4]. Gait recognition is done through Optical sensors and
Pressure sensors placed on floor in non wearable sensor based recognition. Sensors like accelerometers, gyroscope
[4], are attached to the target in Wearable sensor gait recognition method. Gait kinematics, Gait kinetics |,
electromyography are the major divisions of Wearble sensor method which is widely used in medical and sports
applications [11]. Robert T. Collins, proposed the idea of using 3X3 median filter operator to supress isolatedpixels
[7]. Xi Chen in his paper developed a new methodology called fuzzy logic inference system to avoid the disturbance
of moving object while extracting human silhouette [10]. According to Jiande Sun Gait recognition is non-contactable
and non invasive biometric identification which is non imitate able.

Literature Survey

The idea of Gait analysis was first proposed by Aristotle in 350 BCE. Borelli, well known mathematician who is also
known as Father of Biomechanics [17], on 1679 extended Aristotle’s idea in work ‘On the Gait of Animals’ as ‘The
study of animals locomotion’ . Forward leg motion in human locomotion resembles like pendulum proposed by
Wilhelm and Eudard [18].Liang Wang et al, approached automatic gait recognition method by spatiotemporal
silhouette analysis walking [12]. Ali et al, in his paper applied Principal Component Analysis(PCA) with and
without Radon transform which is used to reduce dimension of images without loss of actual information in less
duration of time [13]. Eigenspace transformation which is developed from PCA is more accurate. A silhouette
analysis based gait recognition algorithm using traditional PCA is developed by Liang Wang et al [12]. Benbakreti et
al in his paper classified the silhouette into three parameters which includes angle between the right and left leg,
perimeter and area of contour. Dynamic time wrapping technique is being approached to distinguish silhouette
images[14].A gait verification method was developed on basis of static body and stride parameter (Aaron F. Bobick.).
Table: 1.Literature survey.

METHODOLOGY PROPOSED

The method of recognizing intruders in military camp using Gait Recognition technique is shown in Figure 1. Input
image is collected from CCTV camera. The images collected thereby are converted into silhouette images, in order to
extract the Gait feature. The extracted gait features are compared with database which is stored earlier. The accuracy
of prediction is done by using Neural Network. The silhouette images are used to extract the behavior of the Human
Beings. The Silhouette extracts the maximum competency of human behavior activities and to maintain the Human
stability in cameras. The Silhouette of the images are taken and features are extracted which differs for every Human.
The Human activities are measured by feature extraction process and the extracted features are meant for the
comparison with the existing database. The comparison made are verified and checks for the classification accuracy
using the neural network pattern recognition. By using various parameters and generalized epochs the Pattern
recognition differentiate the accuracy and sensitivity. The terms are defined by using obtained confusion matrix.

Acquision of silhouette images

The images are acquired from CCTV footage in order to recognize the Gait human identification. The acquired
images are converted into silhouette images. The purpose of silhouette images is to separate background and target
images. In this research work, the silhouette images are taken from SACV GAIT database which is shown in Figure 2.
The silhouette images are used to extract the gait features.
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Gait Recognition

Gait recognition is the systematic study of analysing a human being or animal by extracting reliable gait features.
Silhouette images converted from CCTV sequential images is the main source for extracting Gait features of the
target. The proposed methodology is to identify the illegal intruders in the military base. This is done by extracting
and storing the gait features such as foot length, hand swing, gait cycle, heal strike, stance phase of the military men
in a database. The data base is compared then and there. The data base is compared with already stored data base of
the military man. If the data base doesn’t match the input data, then it is classified using neural network technology.

Foot length

Foot length is the structural approach of gait feature recognition. Foot length is defined as distance between the right
and left feet of a person while walking. Foot length of target person is measured using sequential silhouette images
and tabulated for observation.

Hand Swing
Hand swing is defined as the distance between the right and left hand of the target image. The hand swing The
sequential silhouette image is the source for measuring the hand swing.

Stance phase:
Stance phase is the entire process starting right from heel strike till preparation for oscillation. It comprises of loading
response, mid stance, terminal stance.

Gait Cycle
The combination of swing phase and stance phase is called as gait cycle. The swing phase consists of initial swing,
mid swing and terminal swing.

Heel strike
Heel strike is the minimum distance between the toe and the ground when the target makes initial contact with the
ground. In this method ground is taken as reference for taken for measurement.

Knee distance
Knee distance is defined as the distance between the two knees of the target person while walking.

Feed Forward Network

Classification of inputs according to specified target is done by pattern recognition. The value ‘1’ is assigned for
target and ‘0’ for the rest. Random division is done for samples representing training, testing and validation. The
performance of the network is measured on the basis of Cross entropy and Error percentage. Small value of cross
entropy gives better performance while classification. Misclassified data is decided by the error percentage. For a
good classification error percentage should be minimum. All confusion matrix is plotted to detect TP,FP,TN,FN. The
sensitivity value is 97, Accuracy is 82 and precision value is 83. Training record of the data is provided by the
training state is shown in the Fig 5. The gradient is found to be 0.025257 at epoch 21. The accuracy, sensitivity,
precision is described in table 2.

CONCLUSION

Gait recognition is made to identify intruders in military base. The gait features are extracted to precede
classification. Feed Forward Neural network is identified to classify the gait extracted. The accuracy of predicting
intruders is 82% The future scope is to increase the prediction by implementing different machine learning
algorithms.
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Table 1: Literature Survey

S.NO AUTHOR PAPER DESCRIPTION
e Methodology: spatial temporal silhoutte
Liang Wang ; Tieniu analysis
1. Tan ; Huazhong e PCA-reduce the dimensionality
Ning ; Weiming Hu e Advantage: low computational cost

o  Demerits: simplified assumed work

e To recognize human from gait
e  Methodology: Hidden markov model

2. A. Kaleet.al
¢ Lends overall robustness

e  Automatic gait recognition-early
identification of risk gait

3. R.K.Begg e  Methodology: SVM

e Todifferentiate young and old gaits

e Risk minimization in elderly

e Dimosthenis e 2D and 3D features
loannidis e  Genetic algorithm for feature fusions
e  Soft biometrics features is used (User’s
e  konstantinos height and stride length information)
Moustakas e Drawback: Directly analyzing the gait
pattern
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e D.Kim;J. Paik

Human identification from noisy images
Methodology: Active Shape Model
Advantage: Not directly analyzed the

gait pattern

e Chen Wang

Methodology: CGI(Chronic Gait Images)
ADVANTAGE

efficiency

:Robustness

and

e Worapan
Kusakunniran

For variation of walking speeds

Methodology:

DCM

composite Model)

Which measures

human body

(Differentiate

speed changes in

Methodology: (ViDP)-View

Invariant

e Maodi Hu Discriinative Projection
e  Multi view Gait Features
e  Gait recognition for low quality images
e YuGuan e  Average Gait image
e  Appearance based feature
e LBP is employed to get texture
e Maodi Hu information
e HMM Hidden Markov Model is used
¢  Methodology: CNN (Convolution Neural
e Zifeng Wu Network)
e To measure Discriminative Changes
e Nirattaya e  Poster based feature extraction.
Khamsemanan e  Poster based classification
e Priyanka e To separate different body parts
Chaurasia efficiently
Table 2. Feature extracted for gait recognition —a sample
Gait Features/Sample 1 2 3 4 5 6 7 8 9 10
Footlength (distance | /) 2 | 399, | 4097 | 3077 | 3799 | 3662 | 3653 | 3801 | 4295 | 3828
between the foots)
Hand swing 28.08 43.38 35.76 34.52 30.92 47.56 42.89 32.73 40.93 37.18
Heel strike 9.06 8.81 857 7.82 7.99 7.13 10.84 9.82 10.51 9.49
Knee distance 26.43 2034 25.37 16.95 22.32 19.74 2247 24.02 23.68 21.42
Stance phase 84.44 78.83 84.93 80.03 71.17 73.94 70.9 78.61 84.56 78.07
Gait cycle 128.17 | 120.11 | 12491 | 12101 | 107.89 | 110.88 | 107.99 | 117.21 | 123.86 | 116.64
Table 3: Accuracy Measures of NN Pattern Recognition
Classification | = FP ™ FN SENSITIVITY | ACCURACY | PRECISION
Parameter
Test Images 39 8 2 1 97 82 83
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ABSTRACT

The recent pandemic, COVID -19, has so far proven to have had a diverse impact on the social well-being
of human beings, especially the mental stability of women. Onset of COVID-19 during the year 2020 has
caused a dramatic effect on the lives of many due to economic disruption, isolation from social life, and
social beings during the extended periods of social distancing and lockdown across the globe. Looking
into data across the world indicates that a large portion of the population is undergoing depression and
anxiety more now than before the pandemic. Women are mostly affected mentally, mainly homemakers,
working women, and children compared to men. This systematic review article looks at all the papers
since the beginning of the pandemic from the year 2020 to 2021 especially concentrating on the mental
stability of women and children. Several factors affect the level of psychological stress faced by women,
some of them being age, physical health, socioeconomic status, workplace stress, and unemployment.

Keywords: COVID-19, pandemic, mental health, women, domestic violence, children

INTRODUCTION

COVID-19 has been one of the most dangerous pandemics affecting the lives of many resulting in several deaths,
decrements in socio-demographic status, and unemployment. Across the Globe, 70% of the women are known to
work as primary health workers i.e., Doctors, nurses, at tenders, and hospital service staff [1]. There has been a
widespread increase in stress, depression and anxiety ever since COVID-19 pandemic started [2]. Women especially
are facing a lot of challenges [3,4]. Moreover, this rise in challenges and stress in women has not just commenced
during post-pandemic and pre- covid pandemic period but researchers prove that, in general, women face more
challenges and are victims of depression and various anxiety disorders when compared to men all over the world
[5,6]; even in a dual-earner households women handle more childcare responsibilities when compared to men [7].
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Women are victimized and injured by IPV(intimate partner violence) [8]. It is also noted that women especially suffer
from an increased risk of drug misuse [9]; abuse of the substance is more likely among women due to the various
interpersonal reasons [10]. According to UN, Violence against Women (VAW) has been often experienced by
women around the world but the pandemic has known to have locked these women with the potential abuser being
their partner, parent, or any such person due to restrictions upon traveling and lockdown resulting in an increasing
percentage of VAW. Hence this isolation, enforcement to undertake activities against one's will, and lack of
enthusiasm have led to increased cases of depression amongst women [11].

The initial inquiry has proven that women were subjected to more unemployment than men, during COVID -19 [12]
either due to severe health issues or responsibilities of taking care of family and children [13]. Most likely 70% of the
health sector staff are made up of women leading to an increased chance of exposure to the virus as well as
prolonged hours of work shift without proper rest or breaks in between duty leading to a higher risk of mental
pressure [1]. The responsibility of women in the family has increased during the pandemic due to the shutdown of
schools, telecommuting, and other commitments [14]. However, women in the family are bound to various
responsibilities, one of which is childcare. Lack of social services like day-care and adult care made the women prone
to more stress. Previous studies showed that women and children in nuclear families are highly vulnerable. Hence
the impact of COVID-19 on women and men is different. A prediction model by [15] on life lost due to COVID-19,
Socioeconomic Status, and suggests that the social class distress outweighs the disease burden due to COVID-19
rapidly in poorer and uneven societies. Therefore this pandemic has certainly had a tougher mental impact on
women more extremely in some fields than on men. Women are prone to emotional and mental distress upon a lack
of sufficient support leading to anxiety, depression, and Post Traumatic Stress Disorder [PTSD] [16].

Factors affecting the mental health of women during COVID-19

Socioeconomic Status

According to the latest study, the epidemic would put millions of people into extremely poor socioeconomic status in
society by 2021, with 47 million of them being girls and women. COVID-19 made a poverty spike that would further
increase the gender poverty divide, with a greater number of women than men being forced into dire poverty [32].
Poverty in women occurs when they are limited to any external activities in society that decreases their chance to
earn their income during the COVID-19 pandemic. Women are particularly vulnerable, struggling out of a variety of
potential drawbacks due to their poverty and status as workers. Women risk losing their jobs, facing human rights
violations, and being exposed to COVID-19 infections [33]. Women are far more affected because they are often
thought to be less productive and thus have a lower social status [34]. COVID-19 has a particularly negative impact
on women's households, which cannot meet basic needs caused due to a lack of financial resources [35]. COVID-19
largely cased discrimination and vulnerabilities, also termed a gender-specific pandemic with racialized and classed
dimensions [20]. In public health, education, and the economy, COVID-19 has seen an uneven impact on women and
girls [34]. According to UN Women Executive Director, women's poverty rate was predicted to decline by 2.7 percent
through 2019 and 2021, but forecasts instead show a 9.1 percent increase owing to the Covid and its aftermath and
the truth could be even worse, because these forecasts of decreased economic status rates for women and girls that
consider the relative decline of GDP, leaving out other variables like women prone to quit the profession due to
family responsibilities which could affect the gender distribution of poverty. Also, Achim Steiner, UNDP
Administrator has addressed that a comprehensive approach aiming at boosting the right to education and sex
education, equitable and equivalent salaries, and widening social assistance could lift more women and girls out of
poverty (UNDP.org, 2020. Women find it challenging to establish and produce economic growth without the help of
suitable facilities and an inability in understanding information technology. Women are more vulnerable to poverty.
These women must make deliberate attempts to climb up and add abilities in understanding technology in order to
establish economic growth [26].

Domestic violence and substance use

Different forms of abuse like child abuse, elder abuse, intimate partner violence, pet abuse, etc., are examples of
domestic violence [36]. People of all ages are affected, causing feminicide majorly. Pandemic forced family members
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to have prolonged contact, restrictions on any source of entertainment, economic difficulties, loss of social life, and
boredom has played havoc on the relationships [37]. Reports on domestic violence show that they have a variety of
long-term implications, including being at risk for several mental health issues such as anxiety disorders, mood
disorders, posttraumatic stress disorder, eating disorders, and alcohol or substance abuse [21], this leads to
developing health conditions such as cardiovascular disease, chronic pain, sleep disturbances, gastrointestinal
problems, brain trauma, and sexually transmitted diseases [38]. According to the survey done in 2020, due to
Intimate Partner Violence (IPV) is led to women assassination at home. IPV is considered sexual violence or any sort
of physical abuse. It is proved that 30% of women in America suffered from IPV and in 25% of women it has led to
severe conditions like cardiovascular disease, and mental stress they also experienced battle fatigue or delayed stress
disorder [21]. Even though diseases linked with physiological imbalance is not yet clearly known, it is thought that
the severe and continuous stress due to domestic violence would lead to a high risk of mental and physical disorders
and also it is said that abused girl child and women survivors of domestic violence have developed the cardio
metabolic disease [39] camp still further studies are required to strongly prove this.

Activists have raised concerns over the increase in violence against women during this COVID- 19 [40]. Also, it has
been found that depression, anxiety, and stress were prevalent more amongst abused women. Reports from OECD
(Organization for Economic Co-operation and Development) countries shows that there has been a steady increase in
domestic violence against women, especially during the pandemic. This is because many women and their abusers
are stuck together at home [25, 41]. Due to the imposition of the lockdown, the victims of violence have a limited
access to support systems Due to this limited availability of assistance, a sense of abandonment spread across the
victims of violence, forcing them to be together with their abusers quarantined. Home, a protective “shelter” from
the pandemic, was nothing more than a source of insecurity and distress to women. Psychological distress related to
COVID is connected with a rise in alcohol consumption, especially in women population[42].Substance abuse is a
neuropsychiatric disorder marked by a continuous desire to use the drug, despite being self-injurious [43]. Substance
abuse and its consequences are well-known, affecting young adults and society [44, 45, 46]. It is a significant global
public health concern, with a prevalence rate ranging from 20% to 25% of people aged 12 and above [47]. Substance
use in women had increased during the pandemic to suppress the increased stress, anger, and depression idea of
suicide, due to several reasons such as unemployment, no immediate access for medical facilities, finance-related
problems, taking care of children and people at home [48].Substance usage to confront the deteriorating mental
health has physical as well as psychological impacts[49]. Though earlier men were at much higher risk for substance
use disorders, now the gap is gradually narrowing [50] , also studies have found that alcohol usage to cope up with
stress is more likely amongst women[51, 52, 48]. Increased alcohol usage was linked with high scores of depression
and anxiety measures, showing that deteriorating mental health problems due to the pandemic, could be linked to an
increased alcohol consumption amongst women. Furthermore, concerns about the pandemic daily effect and low
self-efficacy were also predictors of COVID-19 anxiety in a study conducted on adult women. They concluded that
high-risk alcohol intake significantly leads to anxiety levels and depression than low-risk drinking habits [53].

Workplace stress and unemployment

Psychological trauma and suicide among healthcare personnel have grown as a result of the COVID-19 pandemic
[54]. Furthermore, a poll of health care workers performed by the British Medical Association in April 2020 revealed
that 44% of participants said COVID-19-related factors were causing stress, depression, panic, or other mental health
conditions[55]. Women Health Care Workers who have medical or psychiatric problems or who drink excessively
are more likely to develop mental health problems. Women Health Care Workers with more than two children have
a higher incidence of psychological well-being[56]. Therefore financial assistance for Health Care Workers [57] rest
areas for nap and retrieval[58], basic physical necessitates such as food [59], resiliency training programs [60],
information on safety precautions and accessibility to recreational activities, and therapists[61] are all considered a
promising approaches to sustain Health Care Workers during this pandemic. The covid 19 pandemic impacted the
health sector and led to the labour market crisis, leading to unemployment. Studies showed a direct relationship
between employment status and the health status of individuals [14]. According to the International Labour
Organization 8th edition report, in 2020, women were disproportionately employed, accounting for 38.9 percent of
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total employment before the COVID-19 crisis but making up 47.6 percent of employment losses in 2020. Global
employment declined for youth, medium, and low-skilled workers [62]. There is a large working population in India,
of which 450 million people are employed in the informal sector [22]. The research estimated that 90% of women
work in the informal sector, with 20% working in cities [63].In India, the informal sector is highly uncertain and
poorly regulated, with few or no regulations for social security. Because informal sector workers are the most
vulnerable populations and, therefore, more exposed to the present worldwide pandemic, the COVID-19 will have
long-term implications [64, 65]. Women, in general, are affected more when compared to men by any crisis-driven
loss of income. On average, women's income is much lower than men's across the OECD [66], with a higher rate of
poverty [67]. Possession of wealth is also more amongst men than women [68, 69]. Due to higher caring
responsibilities, it becomes more difficult in finding another employment opportunity and income sources. Single
parenting which comprises mostly women, are especially in a susceptible position. Dependence on a single income
makes them more vulnerable since job loss can be disastrous for single-parent families [70].

Health Conditions

The women represented in health care sectors are about 70%, particularly in high wage professions like physicians,
nurses, and pharmacists, whose role during covid are immense [71]. Indeed, these doctors and nurses are more
vulnerable to infections as they serve at the forefront. A report on the occurrence of symptomatic COVID-19 disease
among health care workers between February 21 and May 19, 2021, shows that among the 1350 staff who tested
positive for COVID-19 on reverse transcriptase-polymerase chain reaction, the female to male ratio was 3:2 [72]. In a
study conducted by [73], pregnant women and the one who have just given birth are prone to get infected more
during this pandemic. During the pandemic, couples were in the dilemma of whether to have a child or not because
of the financial crisis. They didn't have a clear idea whether SARS-CoV-2 would affect the healthy development of a
child or not. The postponement of having children among couples created lots of mental stress, especially for women
[74]. Young women of economically low background who gave birth during the pandemic could not feed their
children because they were undernourished and they struggled to buy the packed milk too to feed their children.
This kind of situation made it more stressful for women which had drastic effects on their health. Since women play
a major role in cooking and feeding children, they underwent a more stressful situation when a ration from the
government was not sufficient [75].

Studies proved that women underwent depression, anxiety, and mental stress during COVID 19 and post COVID 19
due to the availability of the information on the transmission of COVID 19 on the social media [76], but again as a
contradiction, the same studies even discuss that viral infections leave the fatigue and mental stress after the
infection .So, this topic requires further studies to understand the true reasons for the condition of mental stress and
tiredness. Compared to men, women underwent high levels of mental stress, this condition was seen in the women,
especially those who had intermediate jobs and even women who were at home. Women in developing countries are
more vulnerable to risks associated with health, especially where health care facilities are not well developed.
Women caretakers working in such poorly developed places, have an increased risk of infection, since their roles
include taking care of the diseased and elderly. Evidences from past pandemics have shown that, one of the biggest
contributor for the increased rate of infection in female is their care responsibilities [88,89, 90]. The effects on women
doesn't limit itself to just infection, but has impacted women's health significantly, especially pregnant women.
Reports from crisis faced in the past have clearly shown that health systems are a huge failure at delivering timely
and proper maternal health services, which includes prenatal care as well as delivery [91, 92]. Additionally, women
in the first trimester of pregnancy was reported to be more anxious and had psychological impact than the other two
trimesters during covid 19 [86]. The multiple measures taken to combat the spread of the disease, and the fear of
infection in the health care facilities in turn reduces the chances of women visiting the maternal health services, and
therefore increases the possibility of unattended birth [91].
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CONCLUSION

COVID-19 has proven to have caused huge havoc in the lives of people majorly among women. This review has
given sufficient evidence and facts suggesting the miseries and hardships women had to undergo such as in the field
of health caretakers, as domestic helpers in households, physical and mental distress and abuse, losing jobs, and
leading a life of poverty due to unemployment. The socioeconomic status of women, when compared to men, has
shown that women are in a very low economic independent status in this society before the pre-pandemic time but
has fallen even more severely during this current pandemic making them dependent on their family members which
in turn later during time may subject them towards domestic violence and even suicide due to depression affecting
the mental health of women. Therefore it is suggested that women try to make themselves more independent socially
and economically so as to cope with the uncertainties that this pandemic brings and make themselves stronger both
mentally and physically.
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population
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violence 2022
12 Girl child was trapped with the abusers at home March, 2020 [25]
F
13 Women are more vulnerable to poverty etzmgﬁry, [26]
14 COVID-19 may increase domestic violence and child abuse. April,2020 [27]
15 How Covid-19 is amplifying gender inequality in India May, 2020 [28]
16 Women and children in nuclea.r families are highly vulnerable to April, 2020 [15]
domestic violence
17 women leading and prolonged hours of work shift leading to a higher December, [1]
risk of mental pressure : COVID -19 2020
18 High levels of fear of COVID-19 in women compared to men June,2020 [29]
19 Treating .vvo.m.en as homogeneous entity; resulted in ignorance of October, 2020 [30]
individual needs among several women groups
20 Women exposed to stress with managing children indoors August, 2021 [31]
Table 2.Last three years’ data of extrinsic factors affecting women during the COVID-19
S.No Factors affecting to women'’s health/type of factors Year /month References
1 How patler)t.s deal Wl.th an amblguqus m?dlcal test: 2021, May [77]
Decision-making after genetic testing
2. Pregnant women and stress: COVID-2019 2021, January [73]
3 The incidence of symptomatic COVID-19 disease among 2021, May [72]
health care workers female to male
4 Cardiovascular disease, sleep disturbance, high anxiety September to [53]
levels due to high substance usage November 2020
D ic viol | long term
g omestic violence among ady t women cause long te February 2020 21]
mental disorders
6 Impact of the COVID-19 Paqdemlc on Breast Cancer November 2021 78]
Mortality
7 COVID -19 effect on menstrual cycle April 2022 [79]
8 COVID-19 effect on cervical cancer diagnosis April 2022 [80]
9 The postponement of having children among couples November 2020 [74]
created lots of mental stress
Unwanted pregnancy among economically low
. . 7
10 background women suffered even to feed their children. July 2021 [75]
11 This pandemic having tougher mental impact on women | December, 2018 [16]
12 COVID19 and breastfeeding: not that simple May,2020 [81]
Possible vertical transmission of SARS-CoV-2 from an
13 infected mother to her newborn May 2020 [82]
14 Failure of proper maternal health services: COVID-19 March,2020 [83]
15 Higher levels of Post-t.raumatlc stress disorder symptoms November, 2020 [84]
were observed in women compared to men
Improper response of health care to the needs of .
16 regnant womens affected their physical, mental and Pandemic [85]
breg & physical lockdown, 2020
spiritual needs.
17 High psychologlcal |mpact and anxiety of women in the August, 2020 [86]
first trimester of pregnancy
18 Notablg interaction between the m.arltal statusj and January 2021 [87]
working from home on depressive tendencies
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Figure 1: Factors influencing women’s mental health

Figure 2: Extrinsic factors affecting the mental
health of women.
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ABSTRACT

Parenthood, which is considered as the biggest pleasure, does come with its own struggles resulting in
the symptoms of depression. As the joy of becoming parent is not limited to mother only, so is the
struggling side. The purpose of this investigation is to study a) the relationship between maternal
postpartum depression and paternal postpartum depression b) relationship between maternal
postpartum depression and paternal perceived stress c) relationship between maternal postpartum
depression and paternal sleep d) Relationship between personality of father and maternal postpartum
depression. In order to achieve the desired objective numerous research studies were reviewed from
various databases like EBSCO, EMERALD, PUB MED, MED LINE, SCIENCE DIRECT and GOOGLE
SCHOLAR.

Keywords: maternal postpartum depression, paternal postpartum depression, perceived stress, sleep,
marital relation

INTRODUCTION

Feminism is on its peak nowadays and so are the issues related to women. But in this we likely to forget that men too
can be a victim of similar issue. Through pre and post natal visits women are given support and education about the
probable postnatal disorders waiting for them whereas there is a lot of ignorance on creating awareness for similar
issue among other members of family and even to the fathers (Murray & McKinney, 2013). It was also indicated in
research about the ignored treatment regarding the awareness of postnatal issues for the new father and rest of the
family members during the postpartum period (Camp, 2013). Their role is least considered which is a matter of
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concern. APA (2015) stated that due to mood disorders it becomes difficult for a new mother to handle the things
and baby, due to which more responsibility comes on father’s shoulders. In ICD 10, Coding for the Post partum
Depression in ICD 10 is ICD-10-CM 090.6. In DSM 5, it is classified in Bipolar Disorder or Depression with
Peripartum onset. The reason defined in DSM 5 for such classification is that fifty percent of “postpartum” major
depressive episodes actually begin prior to delivery. “The overall pooled estimate of the prevalence of postpartum
depression in Indian mothers was 22%.” ( Upadhyay et al., 2017). “Studies suggest anywhere from 4 to 25 percent of
fathers experience paternal PPD, 2, 3 rates that are not dissimilar to mothers”. (Wee et al., 2011).

Men concerned with their image of masculanity, stigmatize on being vocal on depressive symptoms and hence
under report their symptoms (Fisher, 2016)and doesn’t accept the reality of suffering from postpartum depression.
“Maternal depression was identified as the strongest predictor of paternal depression during the postpartum
period”. (Goodman, 2004). The stress faced by mother during post natal symptoms emphasize the father to take care
of infant. “Maternal PND affects fathers in negative ways, as evidenced by higher levels of depression and parent
stress” (Goodman, 2008). Several studies have found that the main factors associated with depression among fathers
during the postnatal period are: reduced satisfaction with the relationship to the mother and the mother being
depressed or reporting a high degree of depressive symptoms. Other risk factors which were found associated with
maternal postpartum depression were father’s aggressive behavior, domestic violence, substance abuse and the
financial stress, which are also associated with paternal depression too (Letourneau et. al, 2012). Several studies have
found the detrimental effects of paternal postpartum depression on emotional, behavioral and cognitive
development of child. Gutierrez-Galve, Heron, & Ramchandani, 2015; Ramchandani et al., 2008; Wilson & Durhin,
2010; Edward et al., 2015). There are plenty of consequences which mother, father, family or the infant can face if the
parents both or any of the parent is suffering from post natal mood disorders. Numerous researches is done over the
topic. Here in the study, the idea is to explore about the individual risk factors of father which can further aggravate
the symptoms of depression in mothers. The current research study has the goal to identify the relationship of
depression in mothers with that of stress perceived by father, paternal sleep, postpartum depression in fathers and
the personality of fathers during the postnatal period.

METHODS

This research paper utilized appropriate sources of texts for review. Papers chosen for study are by screening titles
and reading of abstracts. The research studies were made to be part of the current review study based on the
following criteria: (1) Research on correlates of maternal postpartum depression and paternal postpartum
depression, (2) Studies on relationship of paternal sleep with depression in mothers post child birth, (3) research on
relationship of postnatal depression of mothers with paternal perceived stress (4) research on relationship of paternal
postpartum depression with paternal sleep and paternal perceived stress (5) research on relationship of mother’s
postnatal depression with the personality of father (6) research based on analyzing the relationship between
maternal postpartum depression and the marital relationship of couple. Papers included for the review are only
those papers which contained the relevant content for the study. Some papers are exclusively used as source for
writing about the background information whereas maximum remaining research papers played their part for the
systematic review of the factors.

REVIEW OF LITERATURE

Rigorous search for the literature was carried out to find out the relevant studies which helped to explore the
relationship of postnatal depression related to mothers and fathers and the other associated factors. Kamalifard et al.,
(2018) The study described the direct and strong association in the scores of mothers and fathers on the scale of
EPDS. Anding et al., (2016) In the research paper the depressive symptoms in the mothers and fathers was analyzed
with help of EPDS to find out the prevalence of postpartum depression among them. The cut off score taken for
mother was more than 12 and for father it was 10.The prevalence rate thus found was 15.9% for mothers and 5.4% for
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fathers. Also a positive association in the scores of mothers and fathers was reported. Further parental stress was
found as the greatest predictor of depressive symptoms in both mothers and fathers. Nishimura et al., (2015) The
research concluded that depressive symptoms in fathers are positively correlated with the depression among their
spouse. In Japan the prevalence rate of depression in fathers during postpartum period was reported as 13.6%, which
is not less. Another factor which was found highly correlated with paternal postpartrum depression was the
disrupted marital relations among the parent couple. Mao et al.,(2009) The study claimed that the similar level of
stress is experienced by fathers as it is experienced by mothers during the post partum period but the support
received is negligible in comparison to mothers. Perceived stress by both mothers and fathers, the social support
received and the respective partner’s scores on the scale of EPDS were made to analyze to find out the association of
mentioned factors with the depressive symptoms in mothers or fathers as individuals. Kamalifard et al.,(2014) The
postpartum depression in fathers and the relationship of it with perceived stress and components of social stress was
assessed in the study. Results indicated the positive correlation among the analyzed factors.

Since paternal postpartum depression has a relationship with perceived stress and from the studies it is also evident
that maternal postpartum depression has a relationship with paternal post partum depression. Hence it can be
concluded that maternal postpartum depression shares a relationship with paternal perceived stress. Costa et.al
(2019) At 2 months of post partum period, the prevalence rate of depressive symptoms in father was 13.76% while
at 6 months it was 13.6%. Sleep of fathers was assessed using Pitsburgh Sleep Quality Index, which included 19 items
and generated scores in seven elements i.e : sleep latency, duration of sleep, persistent sleep efficiency, disturbances
in sleep, subjective sleep quality, daytime dysfunction and intake of sleeping pills.. “The risk of paternal depressive
symptoms at 2 months postpartum increased for men who concurrently had worse sleep quality (OR,1.25;
Cl:1.10,1.42), poorer couple relationship adjustment (OR,0.97; CI:0.94,0.99), and higher parenting stress (OR,1.07;
CI:1.02,1.11). Unemployment (OR,3.75; CI:1.00,13.72), poorer sleep quality (OR,1.37; CI:1.16,1.65), lower social
support (OR,0.92; CI;0.84,1.00), poorer couple relationship adjustment (OR,0.95, CI:0.92,0.98) and higher financial
stress (OR,1.21, CI:1.04,1.42), assessed concurrently were all significantly associated with paternal depressive
symptoms at 6 months postpartum.”

Dana, Inai, and lat (2012). Sleep of infants was correlated with that of fathers and mothers sleep to identify the
correlation. Results confirmed that the frequency and duration of walking up at night of mothers and fathers were
positively correlated with the infants.“Using paired sample t-tests, a significant difference was found between
infants’ and fathers’ number of night time waking, t(49) = 7.282, p < .0001, infants’ and father’s amount of night time
wakefulness, t(49) = 9.668, p < .0001.” In the fathers who complaint infant sleep as problem causing, the parenting
stress was reported higher in those fathers. Et al.,(2017) Research depicted the prevalence of insomnia of sleep
deficiency among parents during the gestation period. It was further emphasized over the required intervention or
preventive measure during pregnancy to avoid the consequences. Maghaireh et al.,(2017) The study investigated The
Jordian parents with their infants in NICU for their stress level and the stress inducing factors. The relationship of
those stressors was further investigated with the factors like anxiety, sleep and depression. It was a cross sectional
survey on 310 parents from two hospitals in Jordan. Results indicated the presence of high level of all the mentioned
three factors. Hall, Moynihan, Bhagat, and Wooldridge (2017) In their study on sleep, the sleep of mothers and
fathers was linked to that of infant. Results demonstrated that there lies a complex relation between depression
scores and the parents cognition regarding infant’s sleep.

Montgomery , Stremler and Insana (2013) The review study explained that after child birth there is fatigue which is
universal and even the sleep is not proper and highly disturbed. It further stated about the contribution of high
fatigue and sleeplessness in the onset of agitation. The disturbed moods are highly correlated with bad interaction of
parents with child which is not at all good for the emotional and cognitive development of infant. The research
through numerous articles also emphasized about the sleep disturbances faced by fathers during postpartum period.
Dhull, Dhankar & Sharma (2019). The study was conducted on 392 new fathers from India where they were analyzed
using Perceived stress scale, EPDS and the big 5 inventory. There found a strong positive association between the
EPDS score and the perceived stress (r=0.517, p= 0.000). On the scale of personality assessment, neuroticism(r=0.381,
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p value= 0.000) and agreeableness(r=0.240, p value= 0.012) was found to share positive correlation with the paternal
postpartum depression. Here openness to experience(r= -0.398, p value= 0.000) had inverse correlation with EPDS
(Edinburgh Postnatal Depression Scale) scores. There are a few studies which have been conducted on the
relationship of maternal postpartum depression with paternal perceived stress and paternal sleep, the investigation
is therefore focused on these variables.

DISCUSSION AND CONCLUSION

Usually it is the belief that postpartum depression is the term limited for women as they are birth givers. Detailed
investigation in existing research confirmed that it is not only mother who is victim but also the father who get
victimized with depression post child birth. The entire articles presented in the current literature review study
suggest maternal depression as the strongest predictor of the onset of signs of depression in father after the arrival of
child in their life. It was the objective of the research to find out the association of mother’s postnatal depression with
paternal postpartum depression, paternal sleep and paternal perceived stress and father personality. For the similar
reason 20 studies were taken into consideration for minute details. The studies selected for review were mostly
related to analysis of the association of depression in the mother’s and father’s during post natal period. Very few
studies were found on the relationship of maternal postpartum depression with paternal sleep and paternal
perceived stress. There were sufficient research studies found stating the connection paternal sleep and paternal
perceived stress with the depression in fathers. Taken into consideration the mentioned studies and using the
Transitive law, it could be concluded that there is a relationship of maternal postpartum depression with paternal
postpartum depression, paternal sleep and paternal perceived stress. Studies stating the effect of maternal
postpartum depression on that of the marital relation of the couple parent were also found sufficient in number
whereas the research exploring the maternal depression and its relationship with the personality of father were
really scarce. The limitation of this research is the finite number of research studies evaluating the association of
postpartum depression in mothers with paternal sleep and paternal perceived stress. Taken into consideration future
research studies can be oriented towards the topic to explore it deeply and minutely.
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ABSTRACT

Due to rising fuel prices and global environmental concerns, the market for the electric vehicle industry
has boomed recently. The choice of electric vehicle is determined by the type and characteristics of the
batteries used. Several extensive studies have been conducted on the four main types of batteries, but to
our knowledge, the battery types have not been classified using multi-criteria decision-making (MCDM)
methods. In this paper, the four types of battery namely Lithium-lon (Li-lon), Molten Salt (Na-NiCl2),
Nickel Metal Hydride (Ni-MH) and Lithium Sulphur (Li-S) are ranked based on the seven prime criteria
using the method of ELECTRE I. This paper aims in testing whether the theoretical findings based on
simulations agree with the numerical rankings obtained by the MCDM approach. It was observed that
the optimal rankings obtained are in alignment with the theoretical perspectives of the researchers. As
future work of extension, the same decision making problem shall be dealt with other MCDM methods
to determine the consistency of the results obtained in this research work.

Keywords: ELECTRE, battery types, electric vehicles

49663



http://www.tnsroindia.org.in
mailto:nivetha.martin710@gmail.com

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997
Edwin Deepak et al.,

INTRODUCTION

Bernard Roy developed the method of ELECTRE (Elimination and Et Choice Translating Reality) , a multi-criteria
decision-making method. The ELECTRE method has several variants and some of the core types are ELECTRE I, I,
11, IV, TRI. Researchers like Tiwari et al., [1], Chatterjee et al., [2] have presented the classifications and applications
of different ELECTRE methods. From the literature of ELECTRE methods, it is vivid that the ELECTRE method I is
the ground for other classifications and the methodology of other ELECTRE types slightly gets deviated from
ELECTRE I. Itis also found that the ELECTRE method | has extensive applications and it is one of the most preferred
methods in comparison to all other ELECTRE types. ELECTRE | has been widely applied in several decision-making
scenarios such as natural resources management (David and Duckstein [3], Duckstein and Opricovic [4],Bender and
Simonovic [5], Gershon, Duckstein, and McAniff [6], Roy [7], Slowinski [8], Tecle [9], Fogel, and Duckstein[10]),
environmental management (Cheng, Chan, and Huang [11], Nijkamp [12], Infante , Mendonca, Purcidonio, and
Valle [13], Wu and Chen [14], Banias [15], Augusto [16]), engineering(Thiel [17], Chatterjee, Athawale, and
Chakraborty [18], Ulubeyli and Kazaz [19], Bojkovic, Anic, and Tarle [20]), financial management (Zielina [21],
Sawicka, Weglinski, and Witort [22], Bergeron, Martel, and Twarabimenye [23]), agriculture (Van Huylenbroeck [24]
JAhrens and Kantelhardt [25] Arondel and Girardin [26] ,Blanquart [27]) health and safety (Marbini, Tavana,
Moradi, and Kangi [28],Martel and D’Avignon [29]) and its related domains.

The literature on the applications of ELECTRE | has shreds of evidence of around 189 research works and this gives a
clear picture of the robust nature of ELECTRE I. This has motivated the authors to apply the method of ELECTRE |
to make optimal ranking on the electric vehicle battery types. The automobile industry is witnessing a paradigm shift
from fuel engines to electric engine systems. The demand for fuel, escalating prices of fuel, environmental hazards of
fuel-powered vehicles are some of the major causes for drifting towards electric vehicles and the advent of these new
types of vehicles in Indian markets is gaining many openings. Researchers have investigated the need and the
prevailing opportunities for such kind of energy-efficient electric automobiles. The choice of electric vehicles is based
on their efficiency and it is decided by the type of battery installed. Four major types of batteries are predominantly
used in electric vehicles such as Lithium lon (Li-lon), Molten Salt (Na-NiCl2), Nickel Metal Hydride (Ni-MH) and
Lithium Sulphur (Li-S). Iclodean et al [30] compared these four batteries based on various attributes and presented
the merits and demerits but not have stated the optimum choice of battery. This is one of the limitations of this
comparative research work and this has laid the basis of this research work. This paper intends to check whether the
earlier theoretical findings agree with the MCDM results for which a decision making problem with four alternatives
and seven criteria is formulated. The alternatives are the four battery types and the seven criteria are charging
capacity, voltage, cell rows, the mass of battery, operating temperature, specific heat capacity and cost. The
alternatives are ranked using the method of ELECTRE I. The remaining contents are fragmented into few divisions,
the following division presents the methodology of ELECTRE I, followed by the decision-making problem,
discussion and finally the conclusion part.

METHODOLOGY

This section presents the diagrammatic representation of the algorithmic procedure of the method ELECTRE |

Step 1: Construction of Initial Decision-making matmx
with 1 alternatives and 1 criteria [aij]

SR
1l

Step 2 : Nommalization of e Marix [ngj]

Far Benefit Cnteria For Cost Criteria
1

7l

2

Gl
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OPTIMAL RANKING OF ELECTRIC VEHICLES BATTERIES

This section presents the decision-making problem on ranking the batteries of electric vehicles. The initial decision-
making matrix with four alternatives and seven criteria ( B-Benefit & C- Cost criteria) is presented in Table.1. The
normalized weighted matrix presented in Table.2 is obtained using step 2 & 3 by considering equal weight age to all
criteria. The concordance and discordance interval sets are presented in Table.3 using step 4. The concordance
interval matrix is obtained using step 7 and the discordance interval matrixis obtained using step 8.The net superior
and inferior values are obtained using step 9. Table.7 presents the optimal ranking of the alternatives.

DISCUSSIONS

From the ranking of the batteries of electric vehicles, it is found that Li-S battery is placed in the first position
followed by Li-lon, Na-NiCI2 and Ni-MH. The optimal ranking obtained by the method of ELECTRE | highly
synchronizes with the simulation results obtained by (). The choice of Li-S battery was addressed as the optimum,
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choice of Li-lon was described as the best, choice of Na-NiCI2 was also addressed as the ideal and the choice of Ni-
MH was addressed as least. Thus the MCDM results are in accord with the simulation results with respect to the
energy efficiency of the batteries.

CONCLUSION

This paper has attempted to test the theoretical findings on the attributes of electric vehicle batteries using the
MCDM approach. In this research work, the alternatives i.e the four batteries are ranked using the method of
ELECTRE | and the optimal ranking obtained is in alignment with the simulation results on energy efficacy. The
MCDM results appear to be as promising as it has given the decision-makers the choice of choosing the suitable
battery and it has rectified the shortcomings of the comparative research work of electric vehicle batteries.
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Table.1: Initial Decision-making matrix

Alternatives/Criteria | Charging | Voltage | Cell | Mass of | Operating Specific | Costs
Capacity | (€2) rows | Battery | Temperature | Heat (C7)
(Cl) (C3) [(Ch (C5) Capacity
(Co)
Li-lon 75 323 17 318 33 795 300
Na-NiCl2 84 289 30 457 270 950 500
Ni-MH 85 288 20 534 36 677 400
Li-S 80 305 1 173 30 1650 250
Benetit/Cost B B B B C C C
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C1 Cc2 Cc3 Cc4 C5 Cé6 c7
Li-Ion
(B1) 4.9594230 24.734229 1.0364188 | 18.290691 | 0.0140504 | 0.0027136 | 0.0043818
Na-
NiCl2
(B2) 6.2211002 19.801087 3.2276020 | 37.775331 | 0.0017172 | 0.0022709 | 0.0026291
Ni-
MH
(B3) 6.3701033 19.664292 1.4344898 | 51.577274 | 0.0128796 | 0.0031866 | 0.0032864
Li-S
(B4) 5.642721339 | 22.05428732 | 0.003586225 | 5.4133746 | 0.015455 | 0.001307 | 0.005258
Table.3: concordance and discordance interval sets
Cl12-42567F DI12-{1.31}
Cl3={257 D13={1.3.4.6}
Clid1—-423 DIA—41.57
C21={1.3. D21={2.5.6.7}
€23 {23 1023 {14567}
C24={1.3.4.6} D24={25.7}
C31—§1.3.4.6] N31—42.5.7}
C32={1.4.5.6.7} D32={2.3}
C34—{13.46] D34—{2.57)
C41={1.5.7} D41={2.3.4.6}
C42—{257} D42—{13.4.6]
C13={2.5.7} DA3={1.3.1.6}
Table.4: concordance interval matrix
Bl B2 B3 B4
Bl 0 0.572 0.429 0.572
B2 0.429 0 0.286 0.572
B3 0.572 0.715 0 0.572
B4 0.429 0.429 0.429 0
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Table.5: discordance interval matrix
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Bl

Bl B2 B3 B4
0 l 1] 0.0530621064
B2 0.253181115 0 1 | 0.06962496%
B3 0.15231174 | 0.12991737 0 ]0.051771944
l l 1 0

B4

Table.6: Net Superior and Inferior values

Net Superior | Net Inferior
Alternatives | Value Value
B1 0.143 0.647569309
B2 -0.429 -0.807111288
B3 0.715 -2.665998946
B4 -0.429 2.825540924

Table.7: Ranking of the Alternatives

Alternatives Rank
Li-Ton 2
Na-NiC12 3
Ni-MH 4
i-S I
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ABSTRACT

The study's primary objectives are the preparation, standardization, investigation of the proximate
composition, and In vitro pharmacological evaluation of golden milk for antidiabetic, anti antioxidant,
anti-inflammatory, anti-mitotic, and anti-proliferative properties. Curcuma longa (turmeric), Cinnamon
verum (cinnamon), Zingiber officianale (ginger), Piper nigrum (pepper), and honey were used in the
preparation of golden milk. Standard operating procedures were used for standardisation and proximate
composition analysis. Golden milk's antioxidant activity was tested using an in-vitro hydroxyl radical
scavenging assay. An In-vitro alpha amylase inhibitory assay was used to measure the anti-diabetic
efficacy. For anti-inflammatory efficacy, aloumin denaturation inhibition was used In vitro. Allium cepa
roots were used to evaluate the antimitotic activity In vitro. The assessment of cell viability count was
used to measure In-vitro anti proliferative activity. Standardization demonstrates that golden milk is
acceptable to patients. The Golden milk powder has substantial anti-diabetic, anti-oxidant, anti-
inflammatory, anti-mitotic, and anti-proliferative potential due to the presence of phytoconstituents. A
stimulating beverage that raises immunity is golden milk. Anti-diabetic, anti-oxidant, anti-inflammatory,
anti-mitotic, and anti-proliferative are just a few of its outstanding qualities. Golden milk contains
antioxidants that have anti-aging properties. Therefore, it may have health advantages to ward off
various diseases.

Keywords: Golden milk, anti-diabetic, anti-oxidant-, anti- inflammatory,anti- mitotic and anti-
proliferative.
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INTRODUCTION

Golden milk, also known as Haldi dhooth, is a traditional Ayurvedic beverage made with turmeric, ginger,
cinnamon, black pepper, and honey, all of which have a variety of health advantages. It is an alternate treatment for
several diseases and for boosting immunity [1]. Antioxidant-rich golden milk also contains antibacterial, anti-
diabetic, and anti-inflammatory properties. Golden milk's main ingredient, turmeric, is known as "turmeric milk" in
popular culture. The potential health advantages include lowering blood sugar levels, preventing heart disease,
preventing cell damage, enhancing mood, lowering cancer risk, increasing the immune system, enhancing bone
health, etc. There are numerous ways to transform vegan milk or regular non-vegan milk into Golden milk [2]. Milk,
turmeric, ginger, pepper, cinnamon, and honey make up the majority of the ingredients. In general, calcium and
vitamin D are abundant in cow milk and fortified plant milks, which helps the body, especially the bones, by
strengthening them.

METHODOLOGY

Collection of ingredients

Dried plant parts of pepper, ginger, cinnamon, and turmeric. were purchased from the local market. The plant
components were then finely ground and kept in an airtight container. Table 1 lists the ingredients in TCGP powder
for the 120 ml golden milk formulation.

Preparation of golden milk
120 ml of milk have been taken. The TCGP powder was added followed by ten minutes of boiling. After that, strain
the mixture using a muslin towel. Then, to make it sweeter, 4ml of honey was added.

Standardization
Organoleptic parameters
The prepared golden milk's appearance, flavour, texture, and smell were all manually assessed.

Proximate composition analysis
Following the preparation of the golden milk, the formulation was tested for pH and viscosity using the 2003
Association of Official Analytical Collaboration techniques

In vitro studies
In-vitro anti diabetic activity evaluation
The screening of In vitro anti diabetic activity was done by alpha amylase inhibition assay [3] .

In-vitro antioxidant activity evaluation
The screening of In vitro antioxidant activity was done by hydroxyl radical scavenging assay [4,5,6] .

In-vitro anti-inflammatory activity evaluation
The screening of In vitro anti inflammatory activity was performed by Egg Albumin denaturation method [7] .

In-vitro antimitotic activity evaluation
The screening of antimitotic activity was done by using Allium cepa root meristematic cells [8].

In-vitro anti-proliferative activity evaluation
Cell viability count method
In vitro anti-proliferative activity was evaluated using cell viability count method[9] .
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RESULTS AND DISCUSSION

Standardization of golden milk

Organoleptic parameters

Sensory analysis, or the evaluation of the impression on the sense organs, was used to examine organoleptic qualities
such as colour, odour, taste, and texture. Table 2 provides a summary of the findings from the organoleptic
evaluation of golden milk.

Proximate composition analysis
Viscosity and pH
Golden milk has a viscosity of 1.4364 and a pH of 6.

In-vitro studies

In-vitro antidiabetic activity by a-Amylase method

Inhibiting the enzyme -amylase to reduce the absorption of glucose in the intestine is the treatment for type 2
diabetes. The main cause of diabetes mellitus is hyperglycemia. The hydrolysis of starch into a variety of smaller
oligosaccharides is catalysed by alpha amylase. Golden milk inhibits the enzyme -amylase, and the results are
summarised in Table 3.

In-vitro anti-oxidant activity by hydroxyl radical scavenging assay

Free radicals are compounds with an unpaired electron in the atomic orbital. They are highly reactive and unstable
due to this characteristic. They can damage cells through oxidative oxidation and can also act as reductants. A
chemical that can give an electron to a reactive free radical and neutralize it is an antioxidant. As a result, an
antioxidant's ability to scavenge free radicals can lessen their ability to harm cells. Golden milk has the ability to
scavenge hydroxyl radicals, and Table 4 summarizes the findings.

In vitro anti-inflammatory activity using egg albumin denaturation method

Protein denaturation causes the molecules' biological properties to be lost. It causes antigens linked to type-3
hypersensitivity reactions to develop, which triggers an inflammatory response in the tissues. Golden milk has anti-
inflammatory characteristics, and Table 5 summarizes the findings.

In-vitro antimitotic activity using Allium cepa roots

Drugs with antimitotic action have been extensively screened using meristematic cells. All plants have distinct
regions in their roots, and one of these regions has a cell division that extends beyond the root cap and a few
millimetres after the region's cells repeatedly divide. Meristematic region refers to the area of a tissue where cell
division is higher than in other tissues. Golden milk has antimitotic properties, as shown by the findings in Table 6.

In-vitro anti-proliferative activity by cell viability count method

The cell viability count method can be used to assess the anti-proliferative activity. By counting the viable cells, we
can determine the percentage of viable cells. Methylene blue was employed as an indication to determine which cells
were still alive. Golden milk has anti-proliferative properties, and Table 7 summarises the findings.

DISCUSSION

Organoleptic characteristics aid in assessing the formulation's acceptability. Golden milk has a pleasant appearance,
flavour, aroma, and texture that makes it suitable for regular usage. According to proximate composition analyses,
the viscosity and Ph were within normal bounds. The crucial carbohydrate hydrolyzing enzyme alpha amylase is in
charge of rupturing the a-1-H bonds in disaccharides and polysaccharides. It can be kept in check by inhibiting
enzymes like glycosidase and -amylase, among others. Due to the presence of phenolic compounds, alkaloids, and
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other substances, Golden milk has antidiabetic properties. Reactive oxygen species called hydroxyl radicals can
damage proteins, peroxide lipids, and affect membrane permeability. Antioxidants and free radical scavengers can
stop it from causing cancer, heart disease, and degenerative conditions. The Golden Milk composition has strong
antioxidant properties. Curcumin in turmeric, 6-Gingerol, 6-Shogaol, and oleoresins in ginger, Cinnamaldehyde,
procyanidins, and catechins in cinnamon, and phenolic amides in black pepper are the major phytochemicals
responsible for antioxidant action. Albumin protein denaturation results in the development of type Ill
hypersensitivity reaction, which causes inflammation. An agent's ability to inhibit denaturation is a sign of its anti-
inflammatory properties. Increased inhibition would result in increased anti-inflammatory action. Alkaloids found in
golden milk have considerable anti-inflammatory properties. The reported mechanism of action for anticancer
medications is the suppression of DNA synthesis and the prevention of cell division. The creation of terahydrofolic
acid depends on the folic acid in our diet. Folic acid is transformed into terahydrofolic acid in the presence of the
enzyme folate reductase. Folic acid should compete with anticancer medications for the enzyme while limiting
terahydrofolic acid synthesis, which is necessary for DNA replication. Allium cepa root meristamatic cells can be used
to screen for antimitotic activity. The growth of Allium cepa root tips is halted or reduced. The root's length shrank
after being dipped in golden milk, and it does not now. A yeast model was used to study in-vitro anti-proliferative
efficacy. This counts the number of viable cells and the number of dead cells. Methylene blue, an indicator, was used
to distinguish it. While the dead cells had stain and were blue, the live cells did not have stain. The outcome
demonstrates that the Golden milk had antiproliferative properties.

CONCLUSION

A immune boosting health drink is golden milk. A mixture of milk, turmeric, ginger, cinnamon, black pepper, and
honey is used to make golden milk. Lowering blood sugar levels, lowering the risk of cancer, boosting the immune
system, improving digestive health, and reducing inflammation are few of the potential health advantages of golden
milk. These benefits may help prevent heart disease, diabetes, cancer, arthritis, Alzheimer's disease, metabolic
syndromes, and other inflammatory conditions. From this, we can infer that Golden milk is a magnificient drink with
numerous health advantages. One can consume it frequently to increase the immunity and can prevent many
illnesses.
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Table 1. Composition of TCGP powder

Ingredients Quantity
Turmeric 2.569
Cinnamon 1129
Ginger 1.12g
Pepper 0.35g
Table 2: Organoleptic evaluation of golden milk
Parameters Observations
Colour Yellow
Odour Aromatic
Texture Smooth
Taste Sweet

Table 3: Percentage inhibition of a-amylase by Golden milk .

Percentage inhibition
nsc:. Concentration of sample (pug/ml) (%)

Golden milk Standard
1

1 0 21.62+1.252 53.8+5.376
0
2

2 0 24.18+0.513 68.4+1.161
0
3

3 0 25.08+0.254 79.7+2.100
0
4

4 0 32.96+0.638 87.8+4.438
0

The values are expressed as mean SE.M, n=3.

Table 4: Percentage inhibition of hydroxyl radical by Golden milk

S.No Concentration of Percentage inhibition(%)
sample(pug/mL) Golden milk Standard
1 100 15.9183+1.095 25.189+2.173
2 200 18.4638+0.3602 30.088+0.759
3 300 21.6149+0.5493 33.781+0.306
4 400 22.8539+0.906 41.820+2.627

The values are expressed as mean SE.M,n=.3
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Table 5: Percentage inhibition of protein denaturation by Golden milk

www.tnsroindia.org.in ©1JONS

S.No Concentration of Percentage inhibition (%)
' sample(ug/ml) Golden milk standard
1 100 48.19+2.472 63.77+4.294
2 200 55.08+0.483 73.83+1.389
3 300 61.36+1.329 86.17+2.172
4 400 62.39+1.626 90.81+3.511

The values are expressed as mean SE.M,n=.3

Table 6: Antimitotic activity of Golden milk.

S.no Groups Root length (cm) % inhibition of root length
1 Control 12.5+2.72 0
2 Golden Milk (100 pg/ml) 3.5£0.952 72+7.620
3 Methotrexate (100 pg/ml) 1.5+1.768 88+14.153

The values are expressed as mean SE.M, n=3.

Table 7: Anti-proliferative activity of golden milk.

S.no Groups % cell viability
1 Methotrexate (100 pg/ml) 48.9+4.547
2 Golden milk(100 pg/ml) 51.72+3.733
4 Control 100+0.01

The values are expressed as mean SE.M, n=3.
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ABSTRACT

Around the world, poisoning significantly increases patient death and morbidity. To prevent death,
poisoning must be managed immediately. The goal of this study was to identify the patterns of poisoning
cases and their treatment at emergency department of the Tertiary care hospitals in Dharmapuri district,
Tamil Nadu, India. The present study was a retrospective study conducted over a period of six months.
Case records of poisoning cases from January 2021 to July 2022. Total 200 patients of poisoning cases
included in this study, 63 % were male and 37 % were females with a large portion of poison patients
38% in the age group of 40-49 years. Out of the total poisoning cases, 69 % were from a suicidal cases and
31 % were from accidental cases, majority of the cases 78% were from a rural area and 22 % were from an
urban area, In the study population, 46% of the patients were with unmarried in which 42% patients
were married and 12% patients divorced. The causative poison was recorded for 200 cases. The most
common poisoning agents were organophosphate (30%). In all cases of poisoning, both non-
pharmacological and pharmacological approaches were used as a treatment for poisoning cases. The
most widely used Pharmacological treatments were Cimetidine (89%). Among the poisoning related
admissions 79 % of patients recovered and remaining 21 % of cases died due to various poisoning agents.
In the study total 200 poisoning cases, 30 % organophosphate were the common poison used of the total
poisoning cases. Cimetidine 89 % was the most commonly used treatment of the total poisoning cases.
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INTRODUCTION

Poisoning is a significant issue across the nation, albeit the type and accompanying mortality and morbidity differ
from country to country. All poisoning deaths are classified as unnatural deaths under our country's legal system,
and medical-legal autopsies are commonplace. In order to determine whether any exogenous chemical agent is
present in biological specimens made available in connection with medicolegal investigations, modern toxicology
needs to be an integrated science and forensic science [1]. Due to changes in human social behaviour and lifestyle,
poisoning incidents are becoming more frequent. According to a WHO estimate, unintentional poisoning caused
346,000 fatalities globally in 2004 (3.5 per 100,000). 91 percent of these deaths occurred in low-income countries [2-3].
Cross-contamination prevention, toxin detection through physical or medical examinations, supportive and
palliative care, elimination, and antidote therapy are the main components of poisoning management [4]. The
current study sought to identify the pattern of poisoning cases admitted to the Tertiary care hospitals in Dharmapuri
district, Tamil Nadu, India.

MATERIALS AND METHODS

The present study was a retrospective study conducted over a period of six months. Case records of poisoning cases
from January 2021 to July 2022 poisoning cases reported to the emergency department and intensive care unit
Patients with poisoning were treated by the doctors. The study procedures did not interfere with the treatment of the
poisoning patients. A specially designed data collection form was used to collect the details of patients' demography,
residence, name of poisoning agents consumed, and mode of poisoning cases, treatment outcomes, and causes of
mortality. The study was approved by the institutional ethical review committee.

Statistical analysis
The computer's database was filled with the data that were obtained, and Ms. Excel software was used to perform a
frequency analysis.

RESULT AND DISCUSSION

Patient Demographic Characteristics

Total 200 patients of poisoning cases included in this study, 63 % were male and 37 % were females with a large
portion of poison patients 38% in the age group of 40-49 years. Out of the total poisoning cases, 69 % were from a
suicidal cases and 31 % were from accidental cases, majority of the cases 78% were from a rural area and 22 % were
from an urban area, In the study population, 46% of the patients were with unmarried in which 42% patients were
married and 12% patients divorced (Table 1).

Nature of Poisoning Agents

Out of 200 patients, the most common poisoning agents were organophosphate (30%), rat Killer (22%), cow dunk
(14%), snake bite (11%), Tablet poisoning (8%), Insecticide (8%), Mortein coil (4%), Unknown bite (2%), Dettol +
Kerosene (2%), Alcohol + Orgno phosphorous (2%) and rest 1% were poisoned with an Unknown agents (Table 2).

Treatment approaches of poisoning cases

In this study, both pharmacological and non-pharmacological approaches were used as a treatment for poisoning
cases. The most widely used Pharmacological treatments were Cimetidine (89%), proceeding by Metoclopramide
(69%), Atropine (31%), Antibiotics (24%). Additionally, non-Pharmacological approaches were used including IV
fluid (68%), NG feeding tube (45%), Gastric lavage (34%), milk (10%) and water (9%) (Table 3).
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Treatment outcome of the Poisoning cases
Among the poisoning related admissions 79 % of patients recovered and remaining 21 % of cases died due to various
poisoning agents (Table 4).

CONCLUSION

The Tertiary care hospitals of the Dharmapuri district, Tamil Nadu, indicate that significant chance for decrease
mortality rate exist by greater medical management and further limitation on the most toxic agents. This study
highlighted the need to centralised poison information centre for the better treatment and prevention of poisoning
cases.
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Table 1 : Patient Demographic Characteristics

Characteristic | No.(%) of Patients

Sex

Male 63

Female 37
Age

20-39 31

40-49 38

Above 70 32
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Mode of Poison cases

Suicidal cases 69

Accidental cases 31
Area wish poisoning cases

Rural area 78

Urban area 22

marital status

Married 42

Unmarried 46

Divorced 12

Table 2: Nature of Poisoning Agents

Category of Poisoning Number of patients Percentage (%)
(n=200)

Cow dunk 27 14
Tablet poisoning 16 8
Orgno phosphorous 59 30
Mortein coil 07 4
Rat Killer 43 22
Insecticide 15 8
Unknown bite 04 2
Snake Bite 21 11
Dettol + Kerosene 3 2
Alcohol + Orgno phosphorous 3 2
Unknown 2 1

Table 3: Treatment approaches of poisoning cases

Frequency

Treatment (n=200) Percentage (%)
Gastric lavage 68 34
Non-Pharmacologic Water L S
Treatment ’ Milk 20 10
NG Feeding tube 89 45
IV Fluid 136 68
Cimetidine 178 89
Pharmacologic Metoclopramide 138 69
Treatment Atropine 62 31
Antibiotics 47 24

Table 4 : Treatment outcome of the Poisoning cases

Outcome Number of patients (n=200) Percentage (%)
Recovered 158 79
Death 42 21
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ABSTRACT

A novel series of methoxy linked benzothiophene derivatives have been linked to para-amino
acetophenone and different aldehydes were successfully synthesized and biological activity was
predicted using various computational software’s such as Molinspiration, Chemsketch and admetSAR
synthesized and confirmed by IR,'HNMR,BCNMR,and mass spectra. The synthesized compounds were
screened for their antitubercular activity using microplate Alamar blue assay method. Among the tested
compounds BT-IV-A, BT-IV-B, BT-IV-E,BT-1V-G, and BT-IV-H showed potent antitubercular activity in
comparison with standard drug INH. In addition, the synthesized compounds were docked into Enoyil
reductase complex GSK 625 (PDB ID-5FJO) to explore their binding interactions at the active site. The
compounds exhibited essential key interactions at that of reported GSK 625 inhibitors and hence the
synthesized compounds may be considered as molecular scaffolds for antitubercular activity.

Keywords: Benzothiophene, Antitubercular, Docking methods, MABA,
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INTRODUCTION

Tuberculosis is one of the wide spread infections which caused by Mycobacterium tuberculosis [1]. It is important to
note that despite having an effective treatment about 1.5 million deaths and 11.2 million hospital cases during
2021[2]. However long duration of therapy and the need of multidrug resistant tuberculosis have generated an
outmost requirement to identify more selective newer antitubercular drugs for effective treatment [3]. TB is most
generally occurring in lungs but affect other organs including skin, bones, digestive tracts, CNS, lymphatic nodes
and liver[4]. In the recent years large number of synthetic sulphur substituted hectocycles and its derivatives have
been paid more attention because of their diverse biological activities such as antibacterial, antitubercular,
antioxidant and anticancer activities[5]. In view of present study, it is planned to design target compounds by
incorporating methoxy substituted benzothiophene molecules with different substituted chalcones to produce
hybrid molecules. Antitubercular activity of synthesized compounds were evaluated against Mycobacterium
tuberculosis using a microplate alamar blue assay[6]method and performed molecular docking studies against Enoyil
reductase inhibitors. Chemsketch is used for the prediction of physiochemical properties which includes
bioavailability, lipophilicity, druglikeness, AdmetSAR, and logP of novel sulphur substituted chalcones.

MATERIALS AND METHODS

The present scheme 1 describes about synthesis of novel substituted methoxy derivatives of benzothiophene and
their different chalcone derivatives. which on further refluxed with para amino acetophenone in presence of dry
acetone to form 4-(acetyl phenyl)-3-chloro-methoxy-1-benzothiophene-2-carboxamide (IV) which further on by
Claisen Schmidt condensation’which involves crossed aldol condensation appropriate aldehyde in presence of base
catalyzed reactions followed by dehydration to form different derivatives of Meta-chloro-meta-methoxy-N-[4-(2E)-
3-phenylprop-2-enyl]phenyl-1-benzothiophene-2-Carboxamide in respectively. TLC by n-hexane and chloroform
(9:1) as an eluent. General scheme (I) for the preparation of compounds.

Meta chloro-N (4-cinnamoylphenyl)-6-methoxybenzo[b]thiophene-2-carboxamide. (BT I1V-A)

Yellowish colour. Yield was 74 %. IR vales: (cm-) 3342(N-H, Stretching),1 710(C=0 Stretching, Ketone), 1674 (C=0,
Stretching, Amide),2825(0OCHs), 1587(C=C Aromatic Stretch), 1060(=C-Cl, Stretch) 825 (C-H Aromatic), 738(CH=CH,
Stretching), 674(C-S-C, Stretch). 'H-NMR-d ppm: 9.15(s, 1H, CONH),8.09-7.01(m.12H.Ar-H)38.07-7.59
(d,2H,CH=CH),3.87(s,3H, OCH?3). 3C-NMR-doppm:145.1,121.3Ar-CEthylene, 55.8-CH3, Aliphatic, 189.7-Ar-C(C=C)
Carbonyl,135.2,128.6,128.5, 127.9-Ar-C-(C=C) Benzene, 143.7,133.5,131.4,122.1-Ar-C(N-C=0) Benzene,
159.4,152.8,143.7,141.6,129.9, 125.7-Ar-C(C=0) Cl Benzothiophene. M+( m/z): 416.

Meta chloro-N (4-(3-(2-chlorophenyl) acryloyl) phenyl)6-methoxybenzo[b]thiophene-2- carboxamide (BT IV-B)
Brownish power. Yield was 78%. IR vales. (cm?) 3340(N-H Stretching), 2833(OCH3 Stretch), 1710(C=0, Stretch
Ketone), 1674(C=0, Stretch Amide), 1482(C=C, Aromatic stretch), 1060(=C-Cl, Stretch) 740(CH=CH, Stretch), 607(C-S-
C Stretch). 'H-NMR-d ppm: 9.18 (s, 1H, CONH), 8.48-7.07(m, 14H, Ar-H), 8.30-7.48, (d, 2H, CH=CH), 3.83(s, 3H,
OCHs). BC-NMR-d ppm: 145.1,121.3-ArC- of ethylene(C-H), 55.8- Aliphatic (CH3),189.7-(ArC) of carbonyl, 161.8-
ArC of N- Amide,126.3,129.3,127.3,129.9,131.4,134.7-ArC-Benzene(C=C) CI, 131.4,122.1, 1335, 143.7-ArCBenzene(N-
C=0),129.9,141.6, 152.8, 125.7-ArC-Benzothiophene(C=0) Cl, 124.2ArC-Benzothiophene(O-C). M*(m/z):483.

Metachloro-6-methoxy-N-(4-(3-(2-nitrophenyl) acryloyl) phenyl) benzo[b]thiophene-2-carboxamide (BT 1VV-C)

Pale yellowish power. Yield was 85%. IR vales. (cm™)3387 (N-H Stretching), 2829 (OCHs Stretching), 1713(C=0,
Stretching, Ketone), 1691(C=0, Amide), 1547(C=C, Stretch, Aromatic), 1381(NO: Stretch), 1063(=C-Cl, Stretching),
713(C-S-C Stretching). 'H-NMR-d ppm: 9.18(s, 1H, CONH), 8.48-7.07(m, 14H, Ar-H), 8.30-7.48, (d, 2H, CH=CH),
3.83(s, 3H, OCHs). BC-NMR-d ppm: 145.1,1213-ArC of ethylene(C-H)558-C, Aliphatic-CH3,189.7-ArC of
carbonyl,161.8-ArC-N-amide,126.3,129.3,127. 3,129.9,131.4,134.7-ArC-Benzene (C=C) Cl, 131.4,122.1,133.5,143.7-ArC-
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Benzene (NC=0)129.9,141.6,152.8,125.7-ArC-of Benzothiophene (C=0) Cl,124.2-ArCBenzothiophene (O-C). M*(m/z):
459,

Metachloro-N-(4-(3-(furan-3-yl)acryloyl)phenyl)-6-methoxybenzo[b]thiophene-2-carboxamide. (BT IV-E)
Yellowish brown powder. Yield was 67%. IR vales. (cm-1)3391(NH, Stretching), 2817 (OCHBs,Stretching),1718(C=0,
Stretching, Ketone,),1658(C=0, Amide), 1171(C-O-C, Stretching),1062(=C-Cl, Stretch)756(CH=CH, Stretching), 682(C-
S-C, Stretching.). *H-NMR-dppm:9.18(s,1H, CONH),8.18-6.89(m,10H, ArH),7.12-7.09(d,2H, CH=CH), 3.87-(s,3H,
OCHp3).2C-NMRdppm:129.9,141.6 ArC(C=0O)Cl of Benzothiophene,152.8, 125.7 ArC(C=0)CI, (OC)Benzothiophene,
143.0,139.0,124.4, ArC(C=C) Furan, 159.4, 1158, 126.3, 1242Ar(C-H) Benzothiophene, 143.7,1335,122.1,131.4-
ArC(CH)Benzene.161.8-ArC-(N-Amide), 189.7-Carbony|,55.8-9CHs3),145.1,127.3-ArC(CH)-C=0 ethyle- ne. M*( m/z):
438.

Meta chloro-N-(4-(3-(4-chlorophenyl) acryloyl) phenyl)-6-methoxybenzo[b]thiophene-2-carboxamide (BT-I1V-G)
Dark yellowish powder. Yield was 69%. IR vales (cm-1) 3336(N-H Stretching), 2823 (OCHs Stretching),1715 (C=0
Stretch Ketone),1659(C=0, Stretching Amide), 1596 (C=C, Stretch),1096(=C-Cl, Stretch),976(C=C Bending), 661(C-S-C
Stretching). 'H-NMR-dppm:9.15(s1H,CONH),8.09-7.60(m,11H,Ar-H),7.49-7.48(d,2H,CH=CH), 3.87(s,3H,0CHs3).13C-
NMR-dppm:129.9,152.8,125.7-ArC-(C=0)Cl-Benzothiophene, 133.5,133.3-ArC-Cl(C=C)Benzene.28.7,129.0-ArC-
(C=C)CIBenzene.115.8,124.2,126.3 (CH)Ar C(O-C) Benzothiophene of benzene,133.5, ,131.4-(N-C=0)-C=0 Benzene,
161.8-ArC-(N-Amide), 55.8-ArC-(CH3)Aliphatic,121.3,145.1-ArC-(C(=O)Ethylene. M*(m/z): 448.

Meta chloro-N-(4-(3-(4-hydroxyphenyl) acryloyl) phenyl)-6-Methoxybenzo[b] thiophene-2-carboxamide (BT-1VH)
Brick red colour. Yield was 66%.IRvales: (cm-1)3566(O-H, Stretching),3283(N-H Stretching),1715(C=0 Stretching
Ketone),1693(C=0, Stretching Amide),1484(C=C Stretching),1063(=C-Cl,Stretching), 837 (C=CStretching), 682
(CH=CHstretching), 795 (C-S-C, Stretching). *H-NMR-0ppm:9.18-(s,1H,CONH), 8.06-6.65(m,11H,ArH), 7.54-7.53
(d,2H, CH= CH), 5.35 (S, 1H,0H), 3.87-3.83 (s,3H,0CH3). C NMR-d ppm: 129.9, 141.6,152.8,125.7-ArC-(C=0) CI-
Benzothiophene,159.4-ArC,115.8(CH),124.2,(CH)126.3(CH)-ArC-(O-C)Benzothiophene,157.7-ArC Benzene (=O(C=C),
127.8ArC, 115.8(CH), 130.6(CH), Benzene(=0(C=C),143.7,133.5ArC,122.1,131.4,ArC-(N-C=0) Benzene.189.7,161.8-
ArC-(N-Amide),55.8-ArC-(CH3)Aliphatic,121.3,145.1-ArC-(C(=O)Ethylene.M*(m/z): 430.

RESULT AND DISCUSSION

Docking Methodology
Docking in Discovery Studio, there are some pre-docking steps to perform docking.

Protein Preparation

Prepare the protein structure before docking because, in general PDB structures contain water molecules, all water
molecules are removed except the important ones in protein preparation [8]. Hydrogen atoms will be missing in PDB
structure; many docking programs need the protein to have explicit hydrogen. Hydrogen can be added
unambiguously except in the case of acid/ basic side chains through protein preparation. The PDB structure can be
incorrect in some protein side chains. The crystallographic structure gives electron density, not molecular structure.
Click on, Macromolecule, prepare protein, automatic preparation followed by prepare protein add Input protein
(select the saved protein structure) then Run. Then save the resultant prepared structure in a new file form.

Ligand Preparation

Preparation of ligand is also done because of some reasons; A reasonable 3D structure is needed as starting point [9].
Protonation state and tautomeric form of a particular ligand could influence its hydrogen bonding ability. Small
molecule ligand Prepared Input ligand and saved ligand structure then Run. The resultant prepared structures of
ligands are saved in new file format.
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Define Binding Site
After the protein and ligand preparation, next step is to define binding site for docking by receptor ligand interaction
then define & Edit binding site Selected the residues then click on and select from Current Selection.

Docking

Click on Receptor ligand interactions, dock Ligands click LibDock which was used for docking, because a target
needs to dock with multiple ligands. After docking all poses of dock result are evaluated in detail- Then the result
was screened based on presence of H-bond interaction and Libdock score, and are listed out [10]. The listed ligand
poses are screened based on the presence of H-bond interaction at GLU230 residue and the molecular properties of
these ligands are calculated in docking score by ADMET descriptors and toxicity prediction. The binding energy of
the ligands was also calculated.

Antitubercular Activity

The selected synthesized thianaphthene derivatives of the present investigation were screened for their
antitubercular activity by subjecting the compounds to standard procedures. The antitubercular activity was
evaluated against bacterial strain M. tuberculosis H37Rv (ATCC 27294) by Micro Plate Alamar Blue assay method[11].
Plain, clear bottomed, ninety-six well micro plates were utilized to conduct anti TB susceptibility test. Synthesized
compounds to be analysed were initially diluted with DMSO followed by two-fold dilution with 7H12media. 7H9
media was used to dilute H37RV to obtain about 2 X105cfu/ml, and0.1ml was added to well micro plates, plates
which contain only compounds were employed to determine auto fluorescence [12]. Plates were incubated at 37°C on
7t day 20 pl of Alamar blue solution, 12.5ml of 20% Tween were added and incubation in continued for another
twenty-four hours. Development of blue colour in the well was interpreted as no bacterial growth and pink color
was scored as growth. The MIC was defined as lowest drug concentration which prevented the color change from
blue to pink[13]

CONCLUSION

The present study can be summarized as the designing of novel Enoyil reductase (PDB ID: 5JFO) selective inhibitors
and analysis of the compounds through ADMET filters and molecular docking studies. From a library of designed
compounds 10 compounds which had binding energy more could serve as lead compound for the development of
newer potent anti-tubercular agents. Result obtained from the in vitro study, we can conclude that compounds BT-
IV-A, BT-IV-B, BT-IV-E, BT-IV-G and BT-IV-H exhibits significant antitubercular activity and SAR also reveals that
presence of Sulphur and other electronegative substituents may provide better activity.

ACKNOWLEDGEMENT

The authors are thankful to Sophisticated Instrumentation Facility provided by M.G University, Kottayam, for the
help regarding IR.NMR and MASS analysis. | am also thankful to staffs Nehru college of pharmacy to support
laboratory work to carry out in Department of pharmaceutical chemistry, Vinayaka Mission’s College of pharmacy,
Salem. Tamil Nadu.

REFERENCES

1. LoBue PA, Enarson DA, Thoen CO. Tuberculosis in humans and animals: an overview [Serialised article.
Tuberculosis: a re-emerging disease in animals and humans. Number 1 in the series]. The International Journal of
Tuberculosis and Lung Disease. 2010 Sep 1;14(9):1075-8.

2. Premkumar A, Kolin DA, Farley KX, Wilson JM, McLawhorn AS, Cross MB, Sculco PK. Projected economic
burden of periprosthetic joint infection of the hip and knee in the United States. The Journal of Arthroplasty.
2021 May 1;36(5):1484-9.

49683



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

10.

11.

12.

13.

Mejo Joseph etal.,

Matteelli A, Migliori GB, Cirillo D, Centis R, Girard E, Raviglione M. Multidrug-resistant and extensively drug-
resistant Mycobacterium tuberculosis: epidemiology and control. Expert review of anti-infective therapy. 2007
Oct 1;5(5):857-71.

Ebert EC, Kierson M, Hagspiel KD. Gastrointestinal and hepatic manifestations of sarcoidosis. Official journal of
the American College of Gastroenterology| ACG. 2008 Dec 1;103(12):3184-92.

Yadav S, Narasimhan B, Lim SM, Ramasamy K, Vasudevan M, Shah SA, Mathur A. Synthesis and evaluation of
antimicrobial, antitubercular and anticancer activities of benzimidazole derivatives. Egyptian Journal of Basic
and Applied Sciences. 2018 Mar 1;5(1):100-9.

Laxmi SV, Reddy YT, Kuarm BS, Reddy PN, Crooks PA, Rajitha B. Synthesis and evaluation of chromenyl
barbiturates and thiobarbiturates as potential antitubercular agents. Bioorganic & medicinal chemistry letters.
2011 Jul 15;21(14):4329-31.

Guida A, Lhouty MH, Tichit D, Figueras F, Geneste P. Hydrotalcites as base catalysts. Kinetics of Claisen-
Schmidt condensation, intramolecular condensation of acetonylacetone and synthesis of chalcone. Applied
Catalysis A: General. 1997 Dec 23;164(1-2):251-64.

Madhavi Sastry G, Adzhigirey M, Day T, Annabhimoju R, Sherman W. Protein and ligand preparation:
parameters, protocols, and influence on virtual screening enrichments. Journal of computer-aided molecular
design. 2013 Mar;27(3):221-34.

Cole JC, Murray CW, Nissink JW, Taylor RD, Taylor R. Comparing protein-ligand docking programs is difficult.
Proteins: Structure, Function, and Bioinformatics. 2005 Aug 15;60(3):325-32.

Joseph M, Alaxander S. Design, Synthesis and Characterization of Thiophene Substituted Chalcones for Possible
Biological Evaluation.2021JPRI9(6).76-87

Collins LA, Franzblau SG. Microplate alamar blue assay versus BACTEC 460 system for high-throughput
screening of compounds against Mycobacterium tuberculosis and Mycobacterium avium. Antimicrobial agents
and chemotherapy. 1997 May;41(5):1004-9.

Sam IK, Chen YY, MaJ, Li SY, Ying RY, Li LX, Ji P, Wang SJ, Xu J, Bao YJ, Zhao GP. TB-QUICK: CRISPR-Cas12b-
assisted rapid and sensitive detection of Mycobacterium tuberculosis. Journal of Infection. 2021 Jul 1;83(1):54-60.
Franzblau SG, Witzig RS, McLaughlin JC, Torres P, Madico G, Hernandez A, Degnan MT, Cook MB, Quenzer
VK, Ferguson RM, Gilman RH. Rapid, low-technology MIC determination with clinical Mycobacterium
tuberculosis isolates by using the microplate Alamar Blue assay. Journal of clinical microbiology. 1998 Feb
1;36(2):362-6.

Table No: 1. Docking score of different synthesized compounds

LIGANDS DOCKING SCORE
BT-IV-A 134.504
BT-1V-B 134.15
BT-1V-C 131.461
BT-IV-E 124.732
BT-IV-G 136.961
BT-IV-H 137.55

Table: 2. Molecular descriptors of synthesized derivatives

Compound MR, cm3 MV, cm3 Parachor, cm3 Surface tension, Polarizability, cm?3
code dynes/cm
BT-IV-A 124.58+0.3 316.2+3.0 874.2+4.0 58.3+3.0 49..39+0.510-24
BT-1V-B 134.37+0.3 340.1£3.0 945.9+4.0 59.7+3.0 53.27+0.510-24
BT-IV-C 131.13+0.3 321.14+3.0 929.7+4.0 64.4+3.0 51.98+0.510-24
BT-IV-E 121.78+0.3 311.0£3.0 986.4+4.0 59.5+3.0 48.27+0.510-24
BT-IV-G 129.41+0.3 332.543.0 911.8+4.0 56.5+3.0 51.30+0.510-24
BT-IV-H 126.47+0.3 314.743.0 889.2+4.0 63.7£3.0 50.13+0.510-24
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Table: 3. Details of Lipinski’s Rule of Five

Compound LogP MW HBD HBA Lipinski’s rule
BT-IV-A 594 413.50 1 4 1
BT-1V-B 7.00 482.39 1 4 1
BT-IV-C 567 458.50 1 7 1
BT-1V-E 531 437.90 1 5 1
BT-IV-G 6.62 447.94 1 4 1
BT-IV-H 5.46 429.50 2 5 1

Table: 4. Drug likeness analysis of novel analogues

Compound GPCR | lon channel Kinase Nuclear receptor Prc?te_ase _En.zy.me
ligand modulator inhibitor ligand inhibitors inhibitors
BT-IV-A 0.14 0.34 0.09 0.18 0.11 0.03
BT-IV-B 0.34 0.60 0.49 0.43 0.23 0.23
BT-IV-C 0.25 0.35 0.24 0.26 0.28 0.14
BT-IV-E 0,28 0.62 0.46 0.52 0.28 0.19
BT-IV-G 0.14 0.34 0.10 0.19 0.15 0.06
BT-IV-H 0.10 0.28 0.05 0.07 0.09 0.02

Table: 5, ADMET prediction of the ligands

5L | PubChem | Solubility | BBEB | CYPID6 | Hepatotoxic | Absorption PEBB A Log PSA Ames

No I P Mutagenicity
I BT-IV-A 1 4 false e 1 e | G.197 56.341 Non-mutagen
2 BT-IV-B 1 4 false frite 2 true 6.561 56.341 | Non-mutagen
i | BT-IV-C 1 1 false true 2 true | 6.091 | 99.165 | Non-mutagen
5 BT-IV-E 1 ! false true 0 true 5.3 68.806 | Non-mutagen
7 BT-IV-G 1 4 false true F true | 6.861 56.341 Non-mutagen
g BT-IV-H 1 4 false e 1 tre 5.0%% T7.157 Non-mutagen

Table: 6. In-vitro anti-tubercular activity of synthesized compound
Mycobacterium tuberculosis

n different concentration against

Concentration (ug\ml), (S- Sensitive, R- Resistant)

Compd. Code 100 50 25 125 6.25 3125 16 08
BT-IV-A S S S S S S S R
BT-IV-B S S S S S S S R
BT-IV-C S S S S R S R R
BT-IV-E S S S S R S S R
BT-IV-G S S S S S S S R
BT-IV-H S S S S S S S R

INH (control) S S S S S S S S

49685



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences * www.tnsroindia.org.in ©1JONS
Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997
Mejo Joseph et al.,

Compds | Ry [ R Ry i

BT-IV-A H| H H oML, " R,

Bnarel | O 5 .

BTIVE | H | H = 1 e ko

BT-IV-G H H ClI = Emaral

BTIV.H | H | H OH (..\(__ Y iy . :

o4

Scheme - 1. General scheme (I) for the preparation of compounds

. Ligand
Database -~ ";‘;’ ‘f'"ti,f%
% g0

OR 7 &
. - ﬁ L A
l podaing J Receptor

Ligands

Docking

Receptor

Fig . 1. General method of docking

and graphical representation of SAR

LTS
L

..

Fig. 2. Crystallographic structure of target from PDB
database

Fig. 3. Interaction of standard drug (Isoniazid)

with5JFO

[
-----

I

49686


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.13 / Issue 75 / December / 2022

ﬂ www.tnsroindia.org.in ©1JONS

International Bimonthly (Print)

Mejo Joseph et al.,

ISSN: 0976 — 0997

H

o
e
s i
g
i o o
i
ae A}
LTS
i : il
Bt = L)
-
i
ALw

Fig. 6. Interactions betwee

n target and ligand BT-1V-C

49687


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

Mejo Joseph et al.,

5 (i
L sk A

i
am

]
= v

Fig. 8. Interactions between targetand ligand BT-1V-G

%

......

Fig. 9. Interactions between target and ligand BT-1V-H

CONCENTRATIONS

L iy 0T U

Fig. 10. Representative photograph for anti-tubercular activity performed against H37Rvs train using96- well
microplate by MABA (Microplate Alamar Blue Assay) method for the compounds from benzothiophene
series with standard INH serial dilutions for test compounds between 100 to 0.8jug/ml.

49688



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.13 / Issue 75 / December / 2022

International Bimonthly (Print)

Mejo Joseph et al.,

www.tnsroindia.org.in ©1JONS

ISSN: 0976 — 0997

Spectral images of all synthesized compounds confirmed by its synthesis

R B N L .

/ i n&“ﬁfgé—’n
:_: A ."] -
i =
s (5 .‘Il
il
T R : 0
Fig. 11. IR Spectra of BT-IV-A Fig.12. HNMR Spectra of BT-1V-A
. 2 b s 4 % i . " -:aﬂn "
| S, - 2
: H ‘3 1 1et0e
fu
. y " L] :

Fig. 13. BCNMR Spectra of BT-1V-A

L

Rod o b e OB 2

Fig. 15. IR Spectra of BT-1V-B

Fig.16. 'THNMR Spectra of BT-1V-B

49689


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.13 / Issue 75 / December / 2022

International Bimonthly (Print)

www.tnsroindia.org.in ©1JONS

Mejo Joseph et al.,

ISSN: 0976 — 0997

s2zERE ] -: @-n oo
(1Y o sl el by
. l e S
Fig.17. BCNMR Spectra of BT-1V-B Fig. 18. Mass spectra of BT-1V-B
N
”'/JJ . ' l&ﬁ{l}n
(9,
» J |
Ll
e - 10 iy @ p.;M B 2 0
Fig. 19. IR Spectra of BT-1V-C Fig. 20. NMR Spectra of BT-1V-C
|11 '(;,3'«.{_)" -
§r T
-

Fig. 21. BCNMR Spectra of BT-IV-C

Fig. 22. Mass spectra of BT-1V-C

49690


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.13 / Issue 75 / December / 2022

International Bimonthly (Print)

Mejo Joseph et al.,

www.tnsroindia.org.in ©1JONS

ISSN: 0976 — 0997

— — i
N |
Vi S,
- ; [ S
ot avmrriver o 1 |
) MMMI | |
1 Wom ¢ Y I
Fig. 23. IR Spectra of BT-IV-E Fig. 24. NMR Spectra of BT-IV-E
o< i
BRUKER
| LD
Fig. 25. BCNMR fBT-1V-E .
ig. 25. 1C Spectra o Fig. 26. Mass spectra of BT-1V-E
\, s
T V
. LR ,
I| -'( = I\(-H
f I|I I."I Lo
£ v :
B ||||
. L L U
e | |H_UNI|E1
o sl — 2 0
Fig. 27. IR Spectra of BT-IV-G
Fig.28. NMR Spectra of BT-IV-G

49691


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.13 / Issue 75 / December / 2022

International Bimonthly (Print)

www.tnsroindia.org.in ©1JONS

ISSN: 0976 — 0997

Mejo Joseph etal.,

Fhentive Abusd

Fig.29. Mass spectra of BT-1V-G

" Ibt_&l"n
Ll

| Jlbu } l

B om b oM 4 2

vow "PEM

Fig. 31. 'H NMR Spectra of BT-1VV-H

Fig. 32. 3CNMR Spectra of BT-1V-H

[E e rm—

)

O

Q

o1-iv-8

L

BT-V-E

BT-Iv-H

BT-V-G

Fig. 33. Mass spectra of BT-1VV-H

Fig . 34. SAR of synthesized compounds

49692


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©1JONS

Vol.13 / Issue 75 / December / 2022 International Bimonthly (Print) ISSN: 0976 — 0997

RESEARCH ARTICLE

Anti Microbial and Diabetic Wound Healing Activity of Poly-Herbal Formulation on
Streptozotocin - Nicotinamide Induced Diabetic Albino wistar Rats

V. Jhansi Lakshmi* and Suhasini.G2

1Assistant Professor, Department of Pharmacology, Vignan Institute of Pharmaceutical Technology,
Duvvada, Visakhapatnam, Andhra Pradesh, India.

2Associate Professor, Department of Pharmacology, Gitam institute of Pharmacy, Rushikonda

Visakhapatnam, Andhra Pradesh, India.

Received: 09 July 2022 Revised: 28 Sep 2022 Accepted: 31 Oct 2022

*Address for Correspondence

V. Jhansi Lakshmi

Assistant Professor,

Department of Pharmacology,

Vignan Institute of Pharmaceutical Technology,
Duvvada, Visakhapatnam, Andhra Pradesh, India.
Email: jhanu.18@gmail.com

@ @@@ This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

To investigate diabetic wound healing activity of poly-herbal formulation prepared from hydro-alcoholic
extracts on Nicotinamide-Streptozotocin induced diabetic Albino Wistarrats. Ocimum sanctum, Aegle
marmelos & Syzygium cumini leaves were dried and made into hydro-alcoholic extracts. Extraction was
done by cold maceration method. Poly-herbal formulation (ointment and mixture) was prepared using
the extracts prepared. Three formulations were prepared in combinations of three mixtures of extracts
consisting of Ocimum sanctum, Aegle marmelos and Syzygium cumini respectively in the ratio of 1:2:3, 2:3:1
and 3:1:2.The rats were made diabetic (type-2) by a single dose of NA-STZ Nicotinamide (NA)
(100mg/kg)i.p and Streptozotocin (STZ) (45 mg/kg) i.p. Excision wound creation done on all groups.
Poly-herbal formulations (PHF) were used upon PHF groups (3) in a concentration of (200 mg/kg) once
daily for 21 days. 36 rats (150-200 gms) were placed in 6 groups were used for the study. Wound area of
animals were measured on 0th, 14th and 21st day and blood glucose on 0t and 21st days. Soframycin and
metformin were used as standard treatment. PHF-3 (consisting of 3 parts of Ocimum sanctum,1 parts of
Aegle marmelos & 2 part of Syzygium cumini leaves showed significant (P*<0.0001) wound closure
compared to PHF-1&2. By the results obtained, it’s evident that the P.HF-3 have better diabetic wound
healing ability. So, can be further investigated for the development of the formulation.

Keywords: Ocimum sanctum, Aegle marmelos, Syzygium cumini, Streptozotocin, Nicotinamide etc.
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INTRODUCTION

Diabetes mellitus (DM) is a progressive metabolic disease marked by insulin deficiency and insulin resistance. Type
2 Diabetes Mellitus (T2DM) is the most common type of diabetes and is associated with a variety of disorders such as
microvascular and macrovascular disorders, which may be the leading cause of illness and death in the world
population. Diabetes is expected to affect more than 150 million people worldwide. It is expected that the presence of
DM in world population is greater than 150 million. T2DM patients are more vulnerable to serious infections due to a
variety of factors, including decreased chemotaxis and phagocytic activity by neutrophils. These patients are more
susceptible to bacterial infections and have slower wound healing, which is a repair mechanism involving the
interactions of various cells and extracellular molecules!. It has become an expensive stint for diabetes patients to get
better health care. In elderly diabetic patients the diabetic foot ulcer or wound is a common problem. Management of
diabetic wounds costs more than 20 billion dollars and a loss of more than two million workdays. Comparatively
diabetic foot ulcers are difficult to treat, expenses range between $7,000 and $10,000 per ulcer. Most of the ulcers lead
to limb amputation, which may cost way more than the treatment.2 Complex biological events lead to healing
process in order to repair damaged tissue.2Herbal drugs are gaining momentum when compared to synthetic drugs.
Plants species like Aloe-vera, Momordica charantia, Calotropis procera, Portulaca oleracea, Acalypha langiana and
Plagiochasma appendiculatum were reported to have wound healing properties in traditional medicine systems like
Ayurveda[4]. There are multiple reasons for the rise in the use of herbal medicines for a variety of ailments [5].

MATERIALS AND METHODS

After getting approval from IAEC (Institutional Animal Ethics Committee), we started the study. Streptozotocin,
Nicotinamide and Metformin, Ofloxacin was procured from Sai chemicals, Visakhapatnam.

Plants collection, authentication and extraction

Early leaf twigs of plants (Ocimum sanctum, Aegle marmelos and Syzygium cumini) were gathered from the local regions
of Visakhapatnam. The collected plants were washed carefully under low pressure tap water and shade dried for 11
days. Once dried the leaves were ground into powder by using grinder.

Preparation of extract

Powders of Ocimum sanctum, Aegle marmelos, and Syzygium cumini leaves were made into hydro-alcoholic extracts
individually, by adding ethanol and water in a ratio of 70:30. These extracts were then kept under cold maceration
process. These hydro-alcoholic solutions are filtered with filter paper followed by Vacuum filtration and Steam
distillation, Rota-rod evaporation and the final extract is used for Anti-Microbial test and then for ointment
preparation.

PHYTO CHEMICAL SCREENING
Powders of Ocimum sanctum, Aegle marmelos , and Syzygium cumini leaves are subjected to flavanoid test [6].

ANTI-MICROBIAL ACTIVITY OF PHF

Agar well diffusion method

Test microbial strains: By cup plate method, the test extracts were tested against gramme positive strain (Bacillus
subtilis) and gramme negative strain (Pseudomonas aeruginosa).

Preparation of agar plates for anti-microbial testing

The agar plates were inoculated by streaking a swab of bacterial strains across the completely sterile agar surface for
2-3 times before rotating the sterile agar plate at a 60° angle to ensure uniform distribution of the inoculum. Boring of
9mm diameter wells into the agar was done once they were dried under sterile conditions at room temperature. Test
extracts (Ocimum sanctum, Aegle marmelos, and Syzygium cumini) were made into solutions using Dimethyl
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Sulphoxide (DMSO) solvent. Ofloxacin was used as the standard anti-microbial agent. These test extract solutions
were added into wells using aseptic micropipette. The plates were incubated in a bio-Oxygen Demand for 24 hours
at 37° C. The zone of inhibition of bacterial strains was measured in triplicate using a calibrated digital Vernier
calliper.

Establishment of minimum inhibitory concentration (mic)

Broth dilution method

100ul of 105 Colony Forming Unit per ml of test strains (Bacillus subtilis and Pseudomonas aeruginosa) was inoculated
in each test tube with uniform volume of Nutrient Broth Medium. At 37°C Aerobically the test tubes were incubated
for 24 to 48 hrs. For each strain three control tubes were used containing (media, organism and extract controls)
respectively. If an extract produces no visible microbial growth at the lowest concentration when compared to
standard in 24hr, the concentration is declared as MIC. Determination of MIC for different microbial strains was
done separately.

Polyherbal Mixture Preparation
The extracts of Ocimum sanctum, Aegle marmelos, Syzygium cumini were mixed in the ratios earlier mentioned
respectively to form 3 mixtures. The 3 mixtures formed are PHM-1 (1:2:3), PHM-2 (2:3:1), PHM-3 (3:1:2).

Acute Toxicity Studies

Acute toxicity study was done to select dose in accordance to OECD guidelines 423[7]. At doses of 0, 100, 200, 400,
800... the test drug was given to the rats in increasing order of the dose. For the next 48hrs the rats were under
observation to notice possible signs of toxicity. If one or more doses were given within a period of 24hrs then the
study is acute toxicity study. Toxicity was observed at 2000mg/kg. The standard anti-diabetic drug Metformin was
used at a dose of 200mg/kg.

Dose Selection
The dose selection was done by observing the results obtained in acute toxicity studies. Based on the acute toxicity
results 200mg/kg was used in the study.

Ointment Preparation

Basing on the already reported anti-microbial efficacy (Ocimum sanctum, Aegle marmelos, Syzygium cumini) in ratios
1:2:3, 2:3:1, 3:1:2 respectively were [8,9,10]. Grated hard paraffin was weighed and placed in evaporating dish on
water bath. Upon it’s melting by fusion method all the other ingredients were weighed and added depending upon
formulation ratios, gradually adding bases and stirred to melt and mix homogenously, finally the ointment was
prepared which was then transferred to suitable containers then cooled and stored at 4 °C.

Evaluation of Poly-Herbal Formulation for Wound Healing Activity in Male Albino wistar Rats

Animals

Inbred male Albino wistar rats (150-250gm), were acquired and used in the study. Propylene cages were used to
house the animals, under standard temperature (24+2°C temperature), standard humidity (Relative humidity of 45-
55%) and 12hr light cycle and 12hr dark cycle respectively. Standard pellet diet was fed to animals along with water
ad libitum. The animals were being starved for 16-18hr before the commencement of the experiment but water is
made available ad libitum. Approval from the institutional animal Ethical committee (IAEC/VIPT/2021/02) were was
obtained and the study done under strict compliance of committee for the purpose of control and supervision of
experiments on animals (CPCSEA) guidelines (1275/ac/09/CPCSEA).

Ointment formulation evaluation

Colour and Odour

Visual examination is performed; if the ointment colour and/or odour are objectionable, the formulation is rejected
[11].
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pH

Digital pH meter was used to measure pH of the formulation. By dissolving a gram of formulation in 100 ml of
distilled water the pH of the formulation is measured. PH measurement was done in triplicate manner for each
formulation and average values were noted [11].

Spread ability test

For any topical formulation spreadability should be good so that uniform distribution is ensured. Too much
dragging should not be needed and also friction produced should be minimum during the application. The sample
was sandwiched between two glass slides, and weight was applied to the slide for 5 minutes to press it to a uniform
thickness. The spread ability of the ointment is measured in seconds by the time it takes to separate the two sides
[12]. Formula to calculate spread ability:

S=MxL/T

here, S = Spread ability of formulation,

M = Weight placed on upper slide,

L = Length of Glass Slides,

T = Time taken to separate the slides in seconds.

Consistency
Smooth as expected.

Skin irritability test:

The prepared Poly-herbal formulations were tested for skin irritability by simply applying the formulation on
healthy animal skin 24hrs before wound creation. This test is to know the irritability and safety of the formulation.
The animals were observed for any rashes or skin damage.

Streptozotocin induced diabetic wound model

Induction of diabetes

The diabetes was induced in 5 groups (disease control group, standard treatment group, 3 test formulation treatment
groups) by a single I.P injection of newly prepared Nicotinamide (100mg/kg) and Streptozotocin (45mg/kg bd. wt.)
mixed in citrate buffer (pH 4.00) to overnight fasted rats [13]. 20% glucose solution was given for the Nicotinamide-
Streptozotocin treated rats for 24hr to avoid drug induced hypoglycemic mortality. Measurement of blood glucose
was done using diabetes testing kit (GOD/POD method)[14] and confirmation of diabetes was done on 4t day of
Streptozotocin induction. Fasting blood glucose value of rats above 200 mg/dl were considered as diabetic and were
included in the study. Presence of diabetes was confirmed in all rats, the confirmation was done as their blood
glucose level was above 200 mg/dl (mg per deciliter of blood).

Induction of excision wound

After induction of diabetes on 4t day diabetes is confirmed and wound is created Six groups of animals(one normal
control, one disease control, one standard treated and 3 test drug treated group) six rats per group. After initially
shaving the dorsal portion using depilatory cream and then excision wound was made by removing epidermal layer
of 500mm? area and left open to the environment. Wound healing was measured as percentage wound contraction.
The test formulations with spatula full and standard drug were applied twice a day to the wound area of the
grouped animals according to their grouping and treatment formulation allotted. The wound area was measured on
the Oth, 14th, and 21st days by tracing the wound with a tracing paper. The traced area on the paper was later
measured by a scale to calculate the wound area. The wound areas on different days were compared to the wound
area on day 0 and thereby percentage wound closure was calculated. Percentage wound closures of different groups
were compared so their wound healing efficacy.
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Plan of work
All the animals except group 1&2 were provided with respective topical treatment twice daily for 21 days. Poly
herbal mixtures were administered orally to the animals twice daily for 21 days.

RESULTS

Table 5 and figure 1, 2 represent zone of inhibition of poly-herbal extracts anti-microbial assay. Table 6and figure 4
represent fasting blood glucose levels on 0t and 21t day. Wound areas (mm?2) on 0, 14th, 21st day and percentage of
wound contraction were depicted in Tables 7, 8. PHF-3 have better wound closure effect and exhibited
comparatively good wound healing properties when compared to PHF-1, PHF-2 and disease control with same
ingredients but in different ratio of quantities. The standard Soframycin showed fastest wound healing.

Wound area measurement
Wound area measurement is done using a tracing paper, by placing it upon the wound and marking the wound area.
The Marked portion on the tracing paper is then measured using a scale.

Statistical analysis
Graph pad prism version 5.2 was used to perform statistical analysis. Results were depicted as the mean + SEM n=36
for all treatment groups. The data recorded was analyzed by two way and one way ANOVA.

DISCUSSION

Diabetes is one of the most prevalent disease observed among majority of population. Physiological changes that
occur due to chronic diabetic condition lead to decreased wound healing ability. So, wound healing in diabetic
condition is a complex process. In spite of regular usage of proved anti-diabetic medication, deprived wound healing
ability is still posing a great risk which may lead to chronic foot ulcers, leg amputation etc., this necessitates usage of
topical medication along with oral anti-diabetic medication. Topical medications like ointments containing anti-
microbial, anti-inflammatory activities are used to treat normal and diabetic wounds. Using herbal formulations for
treating and healing process is the need of the hour to encourage natural treatment process. According to literature,
leaves of Ocimum sanctum contain properties like anti-inflammatory, anti-bacterial, anti-oxidant, anti-stress etc.,[9]
and Syzygium cumini contain anti-inflammatory, anti-septic, enhance wound healing, anti-diabetic, cytoprotective,
anti-bacterial, anti-oxidant etc.,[15, 8] and Aegle marmelos contain anti-microbial, ulcer healing, anti-inflammatory
activity etc.,[16] which enhance and aid in wound healing process. In this study the poly-herbal formulations were
made of extracts of plants leaves of Ocimum sanctum, Syzygium cumini and Aegle marmelos. Oral anti-diabetic therapy
was performed by using the poly-herbal extracts , this therapy in combination with topical therapy by poly-herbal
ointment prepared using the same poly-herbal extracts yielded good results. Comparatively poly-herbal mixture-3
and ointment-3 combination exhibited better wound healing activity than other poly-herbal combinations. The order
of the wound healing among all test groups is as follows: PHF-1 + PHM-1 < PHF-2 + PHM-2 < PHF-3 + PHM-3 .

CONCLUSION

Since, the above formulations have yielded better results when tested on animals, they can also be studied on
humans for development of newer drugs for the betterment of life standards of diabetic patients.
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Table 1. Formulation of poly-herbal ointment: PHO1

S.No Ingredients Quantity
1 Prepared extract of sample 1 0.1gm
2 Prepared extract of sample 2 0.2gm
3 Prepare extract of sample 3 0.3gm
4 Ointment base 10 gm
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Table 2: Formulation of poly-herbal ointment: PHO2

S.No Ingredients Quantity

1 Prepared extract of sample 1 0.2gm

2 Prepared extract of sample 2 0.3gm

3 Prepared extract of sample 3 0.1gm

4 Ointment base 10 gm

Table 3: Formulation of poly-herbal ointment: PHO3
S.No Ingredients Quantity

1 Prepared extract of sample 1 0.3gm

2 Prepared extract of sample 2 0.1gm

3 Prepared extract of sample 3 0.2gm

4 Ointment base 10 gm

Table 4: Grouping of animals
Groups Treatment
Group -1 Normal control Vehicle
Group -2 Diabetic control Nicotinamide - Streptozotocin
Nicotinamide - Streptozotocin +
Group-3 standard Metformin(200mg/kg bodyweight)

Group-4 PHF-1 Nicotinamide- Streptozotocin + PHM-1+ PHF-1
Group-5 PHF-2 Nicotinamide — Streptozotocin + PHM-2 + PHF-2
Group-6 PHF-3 Nicotinamide — Streptozotocin + PHM-3 + PHF-3

Table 5: Zone of Inhibition (mm) of Poly Herbal Ethanolic Extracts against Bacillus subtilis and Pseudomonas

aeruginosa.
S.No Bacillus subtilis (mm) Pseudomonas aeruginosa (mm)
Ofloxacin 30.21+1.11 35.34+1.78
PHM1 14.70+1.16* 11.00+1.69*
PHM2 17.00+1.18* 14.10+1.08**
PHM3 25.70£1.10*** 21.00+1.15%+*

n=3, 'p<0.05,”p<0.01, **p<0.001 PHM1,PHM,PHM3vsOfloxacin(Two way ANOVA) and then Bonferroni post hoc
tests. Values are expressed as (MEAN+SEM)

Table 6: Fasting blood glucose level of different treatment groups

Groups 0t Day 21stday
Normal Control 99.13+1.02 90.06+1.12
Disease Control 205+1.91 361+2.01

Soframycin + metformin 201+1.05 110£1.1
PHF-1+ PHM-1 200+2.23 135+2.14*
PHF-2+ PHM-2 203+1.02 130+1.24*
PHF-3+ PHM-3 201+1.29 125+1.32%*

n=6 *p<0.05,”p<0.01, **p<0.001 PHM1,PHM PHMS3 vs disease control (Two way ANOVA) f and then Bonferroni post
hoc tests. Values are expressed as (MEAN + SEM)
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Table 7: Determination of wound area (mm?) on 0t day and 21st day in Albino wistar Rats

Groups wound area (mm2) on 0t day wound area (mmz2) on21st day
Normal control 504+0.39 24.73+0.23
Disease control 508.66+4.45 292+6.44*
Standard treatment 504+2.28 26.5+2.29**
PMEF-1 507.17+3.14 144 5+7.08***
PMEF-2 506.5+£2.49 121.5+7.56
PMF-3 504.67+2.01 63+5.75

n=6 *p<0.05,**p<0.01, p*"<0.001 PHM1,PHM2,PHMS3 vs disease control (two way ANOVA followed by Bonferroni
post hoc test. Values are expressed as (MEAN + SEM). n=36

Table 8: Comparison of percentage of wound closure (Mean + SEM) by all treatment groups on 0th and 21stday in

Albino wistar rats.

Groups 0t day 21st day
Normal control 11.12+2.13 97.09£0.05
Disease control 12.70+5.32 39.22+3.14

Standard treatment 7.60+£3.13 94.73+0.48
PHF-1 11.73+4.75 71.49+1.47*
PHF-2 9.50+3.90 76.0+1.51**
PHF-3 11.21+4.34 87.53+1.12***

Bonferroni post hoc tests.

n=6 " p<0.05*p<0.01**, **p<0.001 ,PHF1,PHF2,PHF3 vs disease control respectively (Two way ANOVA) followed by
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Figure 1: Zone of inhibition of poly-herbal formulations 1, 2, 3
against gram +ve and gram —ve bacterial strains

Figure 2: Zone of inhibition (mm) of poly herbal hydro-
alcoholic extracts against Bacillus subtilis and
Pseudomonas aeruginosa
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Figure 4: Fasting blood glucose level of different
treatment groups on 0t day and 21st day
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Figure 5: Comparison of area wound closure (Mean +
SEM) by all treatment groups on 0" and 21st day in
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Figure 6: Comparison of percentage wound closure
(Mean = SEM) by all treatment groups on 0t and 21st
day in Albino wistar rats
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ABSTRACT

Recovery of Waste heat from internal combustion engine has a lot of encouraging research potential as
far as energy conservation is concerned. This paper deals with an experimental investigation on Thermal
Performance of Diesel engine exhaust gas heat recovery using a concentric tube heat exchanger and
transitory thermal storage. The energy available in this exhaust stream of gases goes as waste and not
utilized properly. Due to mismatched demand and availability of energy, it is not possible to successfully
implement waste heat recovery. In this work, a concentric tube heat exchanger is integrated with exhaust
port of a diesel engine setup to extract the waste heat of the exhaust gas and a transitory thermal energy
(TTE) vessel is used to store the surplus energy obtainable is analysis. The performance parameter of the
engine with and without heat exchanger is evaluated and it is found that approximately 9 - 20 % of fuel
power is stored as the heat in the TTE which is available at reasonably higher temperature for process
applications. The performance parameter of the heat exchanger and TTE tank such as the amount of
waste heat recovered, heat lost and energy saved are evaluated and also reported in this research.
Through this work, the developed concentric tube geometry and the experimental study has established
the waste heat recovery system, computation of overall heat transfer co- efficient and performance of the
heat exchanger using Wilson plot method and the adoption of Transitory Thermal Energy Storage tank
store excess energy was conducted.

Keywords: Internal combustion engine, heat exchanger, Heat recovery, boiler, Transit nary Thermal
Energy storage tank.
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INTRODUCTION

Nearly two-third of input energy is wasted through exhaust gas and cooling water of these engines. It is imperative
that a serious and concrete effort should be launched for conserving this energy through waste heat recovery
techniques. Such a waste heat recovery would ultimately reduce the overall energy requirements and also the impact
on global warming. Waste heat is generated in a process by the way of fuel combustion or chemical reaction, and
then dumped into the environment even though it could still be reused for some and economic purpose. In order to
minimize the size and weight of a gas to liquid heat exchanger, thermal conductance (ha) on both sides of the
exchanger should be approximately the same. Desai and bannur (2001) performed experiments in a twin cylinder
diesel engine, to recover heat from engine exhaust gas using a shell and tube heat exchanger. Morcos (1998) studied
the performance of shell and dimpled tube exchangers for waste heat recovery. Talbi and Agnew (2002) interfacing
of turbocharged diesel engine with an absorption refrigeration unit and estimated the performance enhancement due
to the energy recovery from the engine exhaust gas. Zhang (2000) has made a prototype which can be successfully
used for waste heat driven air- conditioning for an automobile. Pandiyarajan et.al (2011) made an experimental
investigation on heat recovery from diesel engine exhaust using finned shell and tube heat exchanger and thermal
storage system. Smith et. Al (2008) has performed heat transfer and friction characteristics were experimentally
investigated lowered strips inserted in a concentric tube heat exchanger. Mavridou et.al (2010) made a comparative
design study of diesel exhaust gas heat exchanger for truck applications.

Kauranen etal (2010) made a performance study the temperature optimization of a diesel engine using exhaust gas
heat recovery and thermal energy storage. Modern industrial has created new problem for waste heat recovery of
any energy and reuse. The Waste heat recovery plays an active role in the preservation of the substantial
economically and socially as well as in term of environmental impacts. Energy is a basic need for a any country.
Waste heat recovery is a technologically and economically viable solution for industrial growth and enhancing
energy efficiency in industrial processes. As a global competition, the need for energy rapidly increased in the past
years where as 1/3 of population in a world. Every industry is responsibility for 32% of worldwide green house gas
pollution system. However, the challenges of reinventing industries are more substantial economically and socially
as well as in term of environmental impacts. Because environmental impacts is a crucial factor of performance in the
industrial aspects. Under such a condition, utilizes more energy efficiency and environmental performance for all of
its products at a lower emission condition. Exhaust gas carries about 30% to 35% of the heat of energy from an
internal combustion engine in order to substantial effort have been made to recovery the excesses waste heat in the
exhaust gas and convert into a useful work. The energy losses in a waste heat cannot be fully recovered but by using
certain devices (heat exchanger) maximum possible heat can be recovery in an exhaust gas in turn minimizing the
energy and improving environmental impacts.

High-capacity diesel engine is mostly used for power generation and transportations. Recovery of waste energy can
be achieved by using energy conversation technologies i.e., Recovery of waste heat is an ultimately reduced the
overall energy y requirement and environmental impacts in a global warming. the great care must be exercised by
the heat recovery in diesel engine from the exhaust gas under consideration of pollution by adopting better design
method for heat exchanger and recovery heat. The heat recovery in diesel engine is an attractive research topic and
suitable for industries also Energy conservation plays are an important role for economic development of any
Nation. In the recent years, fast manufacture in India and China, where ever requirement of the residents of globe is
a gift has raised the requirement for energy. Consider the environmental protection and environment of great
uncertainty over future energy supply, attention is rigorous on the use of sustainable energy sources and energy
conservation methodologies. There are many researches works which have been carried out on exhaust gas waste
heat recovery system to improve its thermal efficiency and economic performance. Materials selection, adoption of
improved design and thermodynamic analysis were performed.
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Literature Review

The literature survey pertaining to this research work is highlighted in this section. Hatami et al,[1], studied optimal
design of finned-tube heat exchangers for diesel engine exhaust waste heat recovery using CFD and response surface
methodology based on central composite design. Hatami et al,[2], to enhance the thermal performance of a concentric
tube heat exchanger using porous material inserts. The porous particle improves the convective heat transfer co-
efficient between the tube wall and fluid flow surface. Hatami et al, [3], experimentally studied the Turbocharged
OM314 DIMLER diesel engine was tested at various engine speeds (1200, 1400, 1600, 1800and 2000 rpm) and torques
(20, 40, 60, 80 and 100 N m). The reduction of brake specific fuel consumption due to the use of recovered energy
from exhaust. Mohsen Ghazikhani et al, [4], had studied experimentally and thermo dynamical analysis of the diesel
exhaust vortex generator heat exchanger is used to recover energy from the exhaust of an OM314 diesel engine.
Hatami et al,[5], experiment conducted on concentric with helical finned tube heat exchanger integrated with a diesel
engine setup to extract the waste heat from the exhaust and stored the energy in TTE tank. Senthil Kumar and
Palanisamy,[6]. Numerically studied concentric tube heat exchanger using dimpled tubes with Nano fluid and
improved thermal performance. Senthil Kumar et al, [7], studied and better performance of secondary heat exchanger
for latent heat recovery from flue gas using mini-tubes. Junpei Yamashita and Yoshio Utaka ,[8], better heat storage
rate for an automobile coolant waste heat recovery system and using phase-change material in a fin- tube heat
exchanger. Jungwook Shon et al,[9], proposed dissimilar heat exchanger design for increasing the diesel exhaust
waste heat recovery. Hatami et al, [10], studied the combustion chamber of a single cylinder diesel was coated with
aluminum titanate and waste heat recovery system was developed using a thermoelectric power generation module.

Ming Pan et al, [11], implemented the heat transfer intensification for shell and tube heat exchangers as an efficient
technique to increase energy saving when retrofitting heat exchanger networks. Mariusz Markowski, [12],
introduced the novel method for determination of the thermal resistance of fouling in shell and tube heat exchangers.
Saiful Bari and Hossain, [13], had improved the total performance of the exhaust waste heat recovery system by
optimizing the design of the heat exchangers. Gulsah Cakmak, [14], studied experimental investigation of thermal
storage in U-tube heat exchanger. Ozden Agra, [15] developed new model to determine the sizing and selection of
heat exchanger at defined saving- investment ratio. Pandiyarajan et al, [16] studied waste heat recovery from diesel
engine exhaust using finned shell and tube heat exchanger and thermal storage system. Pethkool et al, [17], studied
experimental investigation of convective heat transfer and thermal performance of a heat exchanger with the
helically corrugated tube. Nasser Ghorbani ,[18] studied an experimental investigation of mixed convection heat
transfer in the tube diameter, coil pitch, shell-side and tube-side mass flow rate over the performance coefficient and
modified effectiveness of vertical helical coiled tube heat exchangers. In the present work, a concentric-wavy tube
heat exchanger is preferred to extract heat from the exhaust gas and separate TTE tank connected to the mini boiler
to utilize the heat energy.

MATERIALS AND METHODS

Development of Inner Tube Geometry
The tube is made of copper. The dimensions of outer diameter are 11mm and the length of the tube is 3000 mm,
shown in the figure.1 Concentric tube configurations.

Experimental Setup

The experimental setup consists of a diesel engine, 4-stroke, water cooled, Kirloskar diesel engine (bore diameter 87.5
mm, stroke 110 mm, rated power 7.4 kW at 1500 rpm) coupled to a mechanical load, integrated with waste heat
recovery heat exchanger and TTE tank, figure 2 schematic diagram of arrangement of experimental setup and its
photographic view shown in figure 3. The waste heat recovery system is made up of galvanized iron and copper
tube, annular aspect fluid as exhaust gas and tube aspect fluid as water. The total surface area of concentric tube
surface area is 0.0691 m2. Table.1 shows the specifications of concentric tube heat exchanger.
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The waste heat recovery system is set into the exhaust port of the engine. The exhaust gas is allowed to flow either
through the waste heat recovery system or to the atmosphere by using valves. Water flows through tube aspect of
the warmth exchanger using pump and is passed through TTE tank embedded with boiler. The tank is made-up of
stainless-steel cylindrical vessel of inner diameter 350 mm and height 550 mm with the capacity of the tank 50 liters,
and mini boiler capacity is 15 liters. Data logger is used to record the temperatures at various locations, model
CT708U; resolution is 1°C for thermocouples, and accuracy is +0.1°C least significant digital for thermocouples (type
K). Thermocouples are placed at the inlet and outlet of the heat exchanger. A pump maintains the circulation of
water in this setup. The mass flow rate of the fluid is measured by Rota meter.

Experimental Technique

The diesel engine is operated at various load conditions. Readings are initially taken at 25% load condition. The
exhaust gas is not allowed to flow through the heat exchanger to avoid carbon deposition on the tube surface. After a
small time, lag from the start of the engine, the exhaust gas is allowed to pass through the annular side of the heat
exchanger while ensuring the water circulation through the inner tube. A tachometer is used to measure the speed of
the diesel engine, and to make sure the rated speed of 1500 rpm. The torque and speed of the engine are taken for the
evaluation of the brake power. The pressure difference in the orifice meter is observed from the U-tube manometer
which is used to measure the mass flow rate of air entering into the engine. The fuel consumption of the engine is
measured by noting the time required to consume a constant mass of diesel fuel equal to 0.042 kg. Temperatures for
Parallel flow and counter flow mode are continuously monitored. The above said readings are used to evaluate the
heat recovered. Several experiments are repeated to check the repeatability of the results. The experiments were
conducted for 25%, 50%, 75% and 100% load conditions. The results along with the evaluated parameters were
analyzed and discussed in the following section.

RESULTS AND DISCUSSION

The results obtained from the experiments conducted at a range of load conditions are studied in detail and
presented. In the current work, attempts have been made to recover the maximum possible heat energy from the
exhaust gas through a concentric tube heat exchanger and to store it in a transitory thermal energy storage tank.

Performance of waste Heat Recovery from Counter flow Heat Exchanger with Concentric Tubes

The temperature variation of the exhaust gas and the water at the inlet and outlet of the HRCPHE with respect to
time for various engine load conditions (25%, 50%, 75% and full load condition) are shown in Fig. 3a and Fig.7a. In a
diesel engine, normally, the temperature of exhaust gas will attain steady state within a period of 5minutes for a
given load. However it is observed in the present work that at all loads, the temperature of the gas at the inlet of the
heat exchanger attains a steady state after a time interval of 30minutes. It is due to the thermal inertia of the exhaust
gas pipe along with insulation material from exhaust manifold to the HRCPHE. As the engine load increases the
exhaust gas temperature also increases due to its higher heat release from the engine, at all loads it is observed from
the water and the gas outlet temperature variation that the temperature increases at the beginning and the slope
decreases when the temperature of the water attains approximately 60°C and further increases at a higher rate after a
certain interval of time, at 25% load a flue gas temperature raise from 300°C to 353°C is observed for a longer
duration and cold water temperature raise from 26°C to 53°C is observed, at 50% load a flue gas temperature raise
from 353°C to 410°C is observed for a longer duration and cold water raise from 26°C to 56°C is observed , at 75%
load a flue gas temperature raise from 410°C to 460°C is observed for a longer duration and cold water temperature
raise from 26°C to 59°C is observed, at full load a flue gas temperature raise from 460°C to 490°C is observed for a
longer duration and cold water temperature raise from 26°C to 62°C is observed, It is also observed from the s that
there is a large temperature drop in the exhaust gas at all times and the increase in temperature of the water is very
low since the heat capacity of the water (m3c ¢ p,c) is much higher than the heat capacity of the exhaust gas (m3g C
P.g)
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In all the four loads the exit temperature of the exhaust gas from HRCPHE approaches the inlet temperature of the
water and they are almost equal at the end of the experiment. The variation of diesel engine flue gas temperature,
and water at the inlet, and outlet of the heat recovery concentric plain and wavy tube heat exchangers, (HRCPTHE &
HRCWTHE) with respect to time for a range of engine load conditions (25%, 50%, 75% and 100% load condition) are
shown in Figs. 4a—4d Concentric tube.

In the diesel engine, exhaust gas temperature will attain steady state within duration of 5 minutes at a given load.
Howvever, it is observed the engine exhaust temperature at all loads of the flue gas at the inlet attain a steady state
after 30 minutes time interval. It is as a result of the thermal inertia of the diesel engine exhaust gas pipe to insulate
from manifold to the HRHE. The higher heat release from the engine increases engine load. The exhaust gas
temperature also increases. It is observed from all loads, the temperature difference of water and the gases, that the
temperature increases at the starting and the slope decreases when the temperature of the water attains
approximately 50°C and further increases at the higher rate after a certain interval of time at 25% load a near
constant temperature around 50°C is observed for a longer duration for a From the experimental results with
different load condition on temperature difference recorded and used to calculate the effectiveness and heat
extraction rate. The effectiveness can be written as

actual heattransfer T =T
maximum possibleheattransfer T ,-T_,

E =

It is also observed from the fig. 5, that there is a large temperature drop in the exhaust gas at all times and the
increase in temperature of the water is very low since the heat capacity of the water (m.C, ) is much higher than the
heat capacity of the exhaust gas (ni,,C, ;). In all the four loads the exit temperature of the exhaust gas from Heat
Recovery Heat Exchanger (HRHE) approaches the inlet temperature of the water and they are almost equal at the
end of the experiment. This shows the effectiveness of the Heat exchanger (plain, wavy) approaches 76% and 81% at
the end of the experiment in all the cases. Fig. 6(plain) and Fig. 7(wavy) shows the variation of the heat extraction
rate from the exhaust gas through the waste heat recovery (WHR) heat exchanger evaluated at different loads and
calculated. Heat extraction rate (kW) can be written as Yunus Cengel, [19].

Qext = mcCp,c(Tc,z _Tc,l) )

The two different tubes geometry shows the heat extraction rate with a different load condition, the maximum heat
extraction rate for Concentric tube is 0.93 kW. Engine Exhaust Heat (kW) can written as Yunus Cengel,[19].

Qg = mng,g(Tg,l_Tg,Z) (3)

Where ni, — mass flow rate of the exhaust gas T ,,T,, — exhaust gas temperature at the inlet and outlet of HRHE.
The maximum heat is extracted at full load condition of 4.71 kW .1t is very high when compared to all other engine
load conditions due to very high rate of heat release from the engine at maximum load. The variation of heat
extraction rate and LMTD with time for 25%, 50%, 75%, and 100% load conditions are shown in Fig. 6a—6d
Concentric tube. It is observed from the Fig. 6¢ and 6d (75% load and 100% load) that the decrease in heat extraction
rate and LMTD has a similar trend. However, at 25% load Fig. 6a the decrease in heat extraction rate is much smaller
whereas the decrease in LMTD with respect to time is appreciable. This trend is also seen at 50% load Fig. 6b with
variation marginally lesser than 25% load. The near uniform heat extraction rate with higher LMTD with respect to
time at 25% load reveals that the overall heat transfer coefficient is increasing with respect to time. It could be due to
condensation of water vapor from the exhaust gas in most part of the heat exchanger at 25% and 50% loads.
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The variation in overall heat transfer coefficient with respect to time at all loads is shown in the Fig. 7 Concentric
tube. The experimental results were compared with the Dittus Boelter equation was formulated for smooth-surface
Concentric tube. The variation in Nusselt and Reynolds Number with respect to time at different loads is shown in
the Figures 8a to8d. The comparison between the Nusselt number and Reynolds number from the present work and
the Dittus Boelter Correlation shows the better heat transfer in the Concentrictube heat exchanger at full load
conditions.

CONCLUSIONS

In the present work, a concentric tube heat exchanger and TTES tank were developed and attached to exhaust port of

Diesel engine having a capacity of 7.4kW. The experimental investigation has given the following conclusions:

1.The effectiveness of the HRHE approaches nearly 76% concentric tube and 81% wave tube at full load conditions.

2. Nearly 8-17% of total heat (that would otherwise be gone as waste) is recovered from the system, and at full load
condition the maximum heat extracted is around 0.93Kw concentric tube.

3. By decreasing the exhaust gas temperature, it is reaches below 110°C; the heat liberated from the fuel along with
the exhaust gas during the burning is possible to recover the heat (HCV- LCV).

4.The life of the engine is assumed as 100000 engine hours, and the experimental set-up can save up to 1,18,611.11
kW-hr of electricity.
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Table 1 Specification of the heat exchanger

MATERIALS SPECIFICATIONS
Annulus material Galvanized iron
Outer diameter 76.2mm

Inner diameter 72.2mm
Annulus thickness 4mm

Thermal conductivity of galvanized iron 72.7 W/mK
Tube material Copper

Inner diameter 10mm

Outer diameter 11mm

Tube thickness 1mm

Length of the tube(l) 3000mm
Thermal conductivity of copper 386 W/mK
Spacer length(L) 26 mm

Total Spacer length(Lts = (N-1) x L,m) 1014 mm
Length of straight portion of the test section(Ls 1115 mm

=Lts+ Li(50mm)+ Lo(51mm)

Length of bent portion of the test section(Lc = 1884 mm
N7R,m)

Total length of the test section Lt= Lc+Ls,m 2999 = 3000 mm
(copper tube)

Curvature ratio (2R/di) 3
Dimensionless spacer length(L/di) 2.5mm

Type of insulation used Glass wool, aluminum cladding sheet
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ABSTRACT

The current project involves designing, synthesizing, and biologically evaluating a variety of new
compounds that have the potential to exhibit pertinent biological activity. Anticancer, anti-inflammatory,
antioxidant, anti-microbial, analgesic, acetyl cholinesterase inhibitory, and anti-herpes ect properties are
all exhibited by 9-substituted acridine derivatives. Using a variety of techniques, a number of 9-
substituted acridine derivatives were created, and IR, NMR, and MASS spectroscopy validated the
structure. The anticancer, anti-inflammatory, and antioxidant activity of derivatives was then assessed.
The 9- substituted acridine was created through the Ullmann condensation procedure. 9- chloro acridine
have been synthesized by Ullmann condensation reaction employing 2- chlorobenzoic acid and aniline
reacts to form N-Phenyl anthranilic acid in the presence of copper oxide and anhydrous potassium
carbonate to form N-Phenyl anthranilic acid which is then made to react with phosphorous oxy chloride
to generate 9-chloro acridine. Synthesized parent molecule will undergo different reactions with various
aldehydes and other reagents to form 9-substituted acridine derivatives. Among the synthesized
compounds, 9SAD-A and 9SAD-C show significant anticancer activity based in-vitro cytotoxicity study
on DLA cell lines. 9SAD-B show prominent anti-inflammatory activity on protease inhibition assay and
the compound 9SAD-A exhibit greatest antioxidant activity by hydrogen peroxide scavenging assay.
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INTRODUCTION

Drug discovery and development is a profound and extensive inter-disciplinary endeavor. In recent times, an
inclination towards the use of in-silico chemistry and molecular modelling for computer-aided drug design has
expanded significantly [3]. Discovery may involve screening of chemical libraries, identification of the active
ingredient after natural remedy or design resultant from an understanding of the target.Development includes study
on microorganisms and animal, clinical trials and ultimately regulatory approval [4]. Acridine, a heterocyclic
compound was first isolated from anthracene fraction of coal tar in 1871 by Carl Grabe and Henrich Caro. It may also
be known as benzoquinoline or dibenzopyridine. Since 19th century they were first used as a raw material for the
production of dyes and some valuable drugs [28]. At present a wide range of acridine derivatives are used for the
treatment of acute leukemia (amsacrine), as anticancer agents (ledacrine), as antibacterial agent (acriflavine and
ethacridine), for action againstparasites in the treatment of malaria, trypanosomiasis and leishmaniasis (quinacrine,
acranil) and for treatment of Alzheimer’s disease (tacrine).

MATERIALS AND METHODS

All the chemicals and solvents are procured from Sigma-Aldrich and Merck, India. The melting points of the
synthesized compounds have been determined in open capillary tubes and are uncorrected. The infra-red (IR)
spectra of the compounds have been recorded on Perkin Elmer Fourier Transform infrared (FTIR) spectrometer
(Model Shimadzu 8700) in KBr discs method. 1H and 13C nuclear magnetic resonance (NMR) spectra have been
recorded on MHz:HNMR (400MHz in CD3;OD). The chemical shifts () have been reported in parts per million
(ppm) downfield from internal reference Tetramethylsilane (TMS). Mass spectra have been recorded on Mass
spectrophotometer.

Synthesis of 9- Chloro Acridine

A mixture of 18.88ml of aniline, 5.08g of o-chloro benzoic acid, 5.18g anhydrous potassium carbonate and 0.25g of
copper oxide were refluxed for 2 hours. After completion of the reaction, the reaction mixture was poured with
stirring, to a mixtureof 25ml of concentrated hydrochloric acid and 100ml of water. The precipitated acid was
filtered with suction when cold and product (N-phenyl anthranilic acid) obtained was dried. Take 1.278g of N-phenyl
anthranilic acid, 11.80ml of phosphorous oxy chloride were taken and heated slowly in a water bath at 85-90°C for
3hrs. Further thereaction mixture was poured into a well-stirred mixture of 5.21ml concentrated ammonia, 15g of
crushed ice. Then it was allowed to stand for 30mins to precipitate the solid. Filtered and dried and recrystallised
using ethanol.

Synthesis of 9-Substituted Acridine Derivative A

About 0.01 mole 9- chloro acridine, 0.01 mole salicylaldehyde and 0.01 mole of anhydrous potassium carbonate
dissolve in tetra hydro furan and reflux it for about 3 -4 hrs on water bath. The reaction mixture was then poured into
cold water, appearanceof dark green colored product will be observed, filter the precipitate, dry and recrystallize it
from ethanol.

Synthesis of 9- Substituted Acridine Derivative B

About 0.01 mole 9- chloro acridine, 0.01 mole p-dimethylamino benzaldehyde and 0.01mole of anhydrous potassium
carbonate dissolve in tetra hydro furan and reflux it for about 3 -4 hrs on water bath. The reaction mixture was then
poured into cold water, dark brown colored product precipitated out from mixture, filter it, dry and recrystallize it
from ethanol.
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Synthesis of 9 - Substituted Acridine Derivative C

About 0.01 mole 9- chloro acridine, 0.01 mole p-dimethylamino cinnamaldehyde and 0.01 mole of anhydrous
potassium carbonate dissolve in tetra hydro furan and reflux itfor about 3-4 hrs on water bath. The reaction mixture
was then poured into cold water,dark yellow to orange colored product will be perceived, filter the precipitate, dry
and recrystallize it from ethanol.

Spectroscopic Analysis

The structural characterization is done by IR, NMR and MASS spectroscopy. IR spectroscopy was carried out from
Central Laboratory for Instrumentation and Facilitation (CLIF), University of Kerala, Thiruvananthapuram. NMR
and mass spectroscopy were performed from Sophisticated Test and Instrumentation Centre, Cochin University of
Science & Technology Campus, Kochi, Kerala.

IR spectroscopy

Is the analysis of infrared light interacting with a molecule. This can be analysed in three ways by measuring
absorption, emission and reflection. The mainuse of this technique is in organic and inorganic chemistry. It is used
by chemists to determine functional groups in molecules. IR Spectroscopy measures the vibrations ofatoms, and
based on this it is possible to determine the functional groups.

H' NMR spectroscopy
It gives an idea about number of protons present in the given structure. Principle behind NMR is that many nuclei
have spin and all nuclei are electrically charged.

Mass spectroscopy (MS)

Is a technique that ionizes chemical species and sorts the ions based on their mass to charge ratio, a mass spectrum
measures the masses within a sample. Mass spectrometry is used in different fields and is applied to pure samples as
well as complex mixtures.

BIOLOGICAL EVALUATION

Anticancer activity

Trypanblue exclusion method

The test compounds were studied for short term in vitro cytotoxicity using Dalton’s lymphoma as cites cells (DLA).
The tumour cells aspired from the peritoneal cavity of tumour bearing mice were washed thrice with PBS or normal
saline. Viable cell suspension (1x 108 cells in 0.1 ml) was added to tubes containing various concentration of test
compounds and the volume was madeuptolmlusing phosphate buffered saline (PBS). Control tube contains only cell
suspension. These assay mixtures were incubated for 3 hrs at 37°C. Further cell suspension was mixed with 0.1ml of
1% trypan blue and kept for 2-3 min and loaded on haemocytometer. Dead cells taken up the blue colour of trypan
blue but live cells not take. The number of stained and unstained cells was counted separately.

No.Ofdeadcell
X100

%% cytotoxicity =
Mo. of dead cell + No. oflive cell

Anti-inflammatory Activity

Protease Inhibition Assay

100 ml of bovine albumin was added to 0.1 ml of sample. This was incubated at room temperature for 5 minutes.
Reaction was inhibited by the addition of 0.25ml of trypsin followed by centrifugation. The supernatant was
collected, and absorbance was observed at 210 nm. Naproxen was used as a control. The experiment was carried
out and percent inhibition of protease inhibition was estimated [71].

% Inhibition=100- ((A1-A2)/A0)*100)
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Where,

A1 =absorbance of the sample

A2 = absorbance of the product control
A0 = absorbance of the positive control.

Anti-oxidant Activity

Hydrogen Peroxide Scavenging Activity

The H,0, scavenging potential of the test compounds were detected according to the method of Ruch et al. Solution
of H.0, (40mM) was assembled in phosphate buffer (pH 7.4). 20, 40, 60, 80 and 100 mg/ml concentrations of the test
compounds in 3.4 ml phosphate buffer were added to H;O; solution (0.6 ml, 40 mM). The absorbance value was
recorded at 230 nm. Thepercentage scavenging of H,O, was calculated as: 9% of scavenging = [(Abs control - Abs
sample)/ Abs control] x 100

RESULT

In silico Molecular Modelling

In silico molecular analysis of diverse 9 substituted acridine derivatives have been evaluated. And all the compounds
were checked by ‘Lipinski rule of five’. None of thecompound violates the rule. Table No: 2 Lipinski rule analysis of
proposed 9 substituted acridine derivatives by SCFBio online software.

Molecular Docking

The proposed derivatives were docked with various cancer targets and inflammatory targets and the docking
scores obtained are as follows. Table No: 3 Docking scores for synthesized compounds against 2M59. Fig No: 2
Docking images of synthesized compounds in 2M59 targets. Table No: 4 Docking scores for synthesized compounds
against 6N2W. Fig No: 3 Docking images of synthesized compounds in 6N2W targets.

CHARACTERISATION
9SAD-A
2-(acridin-9-yloxy)benzaldehyde

T
o

=
[T T

N
Dark green crystal, (yield 76%); Melting point 333.08°C, Molecular formula CxHisNO; Molecular weight
(gm/mol)-299.32. :HNMR ppm (400MHz in CD;OD) data; this synthesized compound complies with standard

protocol [Table no:5]. Table No: 5 NMR spectra of 9SAD-A. Table No: 6 IR interpretation of 9SAD-A

9SAD-B
Acridin-9-yl-(4-dimethylamino-phenyl)-methanol,

H

o—z—aq

*
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Dark brown crystal, (yield 80%); Melting point 369.68°C, Molecular formula C2H2N.O; Molecular weight
(gm/mol)-328.41. :HNMR ppm (400MHz in CD;OD) data; this synthesized compound complies with standard
protocol [Table no: 7]. Table No: 7 NMR spectra of 9SAD-B. Table No: 8 IR interpretation of 9SAD-B.

9SAD-C
1-(acridin-9-yl1)-3-(4-dimethylamino-phenyl)prop-2-en-1-ol.

CH:=

N
chs
HO S
S
P
N

Dark yellow to orange crystal, (yield 77%); Melting point 387.14°C, Molecularformula C;H2~N,O; Molecular weight
(gm/mol)-354.44 tHNMR ppm (400MHz in CDsOD) data; this synthesized compound complies with standard
protocol [Table no:9]. Table No: 9 NMR spectra of 9SAD-C. Table No: 10 IR interpretation of 9SAD-C

Biological Activity

Antioxidantactivity

The percentage inhibition of synthesized compounds was found out by hydrogen peroxide free radicle scavenging
activity technique. The concentrations of synthesizedcompounds were compared with the standard ascorbic acid at
440nm and is shown in (Table No:11) and (Fig No:4). ICs values of standard ascorbic acid and synthesized
compounds were Calculated. Table No: 11 In-vitro antioxidant value with standard deviation. Fig No: 4 Anti-oxidant
activities of derivatives. Fig No: 5 Hydrogen peroxide scavenging assay of 9SAD-A. Fig No: 6 Hydrogen peroxide
scavenging assay of 9SAD-B. Fig No: 7 Hydrogen peroxide scavenging assay of 9SAD-C.

In- vitro Cytotoxicity Study

The anticancer activity of the novel analogues was screened by determining the percentage growth inhibition of
Dalton’s Lymphoma Ascites (DLA) cell by Trypan blue exclusion method. The calculation of ICs values of standard
5- flurouracil and synthesized compounds were perfomed. Here 9SAD-A & 9SAD-C shows significant anticancer
activity. Table No: 12 In-vitro cytotoxicity study of synthesized compounds against DLA.

Anti-inflammatory Activity

Inhibition of Protein Denaturation

The anti-inflammatory activity of selected novel analogues was screened by the method of inhibition of protein
denaturation. Denaturation of proteins is the main cause of inflammation. As part of the investigation on the
mechanism of the anti-inflammatory activity, ability of the synthesized derivative to inhibit protein denaturation was
studied.Selected synthesized derivative were effective in inhibiting heat induced albumin denaturation. Diclofenac
was used as a standard anti-inflammation drug. ICso values ofstandard Diclofenac and synthesized compounds were
calculated. Table No: 13 In-vitro anti-inflammatory activity of synthesized compounds. Fig No: 9 Comparison of ICso
of synthesized compounds on protein denaturation.

DISCUSSION

The present study involves synthesis of 9 substituted acridine derivatives and evaluation of anticancer, anti-
inflammatory and antioxidant activity. The preliminary in silico design of different analogues of 9 substituted
acridine was performed. Molecular structure was drawn by using Chem Draw software and various properties were
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determined. Docking studies of three different analogues were carried out againstthe cancer target 2M59 and also
anti-inflammatory against 6N2W target. Docking scores were tabulated.

The Synthetic Method Includes Two Step Processes

First step including Jourdan-Ullmann condensation reaction mechanism which ultimately results in the synthesis of 9-
chloro acridine. In second step various aldehydeswere made to react with 9-chloro acridine to form 9 substituted
acridine derivatives bya simple dehydrohalogenation mechanism. The structure of 9SAD-A, 9SAD-B and 9SAD-C
were established by performing NMR, IR and MASS spectroscopic study.

Biological Assessment Comprises

In- vitro cytotoxicity studies of synthesized compounds were carried out by Trypan blue dye exclusion method on
DLA cell lines and the result revealed that all the test compounds had anticancer activity against DLA cell lines. It
seems that 9SAD-A containing salicylaldehyde and 9SAD-C containing p-dimethylamino cinnamaldehyde shows
significant anticancer activity. The trypan blue exclusion method is used to establish the number of viable cells
present in a cell suspension. The principle is basedon the live cells possess whole cell membranes that exclude certain
dyes, such as trypanblue, whereas dead cells do not. A viable cell will have a clear cytoplasm whereas a nonviable
cell will have a blue cytoplasm. In-vitro anti-inflammatory activity of synthesized compounds was carried out using
protease inhibition assay. 9SAD-B shows great anti-inflammatory activity. Trypsin inhibiting assay is a method
used to investigate the anti-inflammatory activity of synthesized compounds. Trypsin cleaves peptides on the C
terminal side of lysine andarginine amino acid residues. Bovine albumin was used as the substrate for trypsin.
Antioxidant activity was evaluated by hydrogen peroxide scavenging activity. H;O: is an important molecule as
although it is not toxic by itself, but can be converted to othereven more toxic radicals such as OH by Fenton reaction
or hypochlorous acid by the enzyme myeloperoxidase. The generation of H;O, by activated phagocytes is known to
play an important role as bactericidal and antifungal since it also acts as mediators of inflammation by activation of
signal transduction pathways. 9SAD-A, 9SAD-B and 9SAD-C undergoes antioxidant evaluation. However, 9SAD-A
and 9SAD-C showed good activity.

CONCLUSION

The present study reports the successful synthesis of various 9-substituted acridine derivatives and assessment of
their anticancer, anti-inflammatory, antioxidant activity. First the proposed derivatives were screened on the basis of
lipinski rule of five using SCF Bio online software. After the screening, three derivatives were selected namely,
9SAD-A, 9SAD-B and 9SAD-C. Then it was made to dock with receptor selected fromPDB. Here for anticancer activity
docking was done on tyrosine kinase (PDB ID: 2M59), and for anti-inflammatory activity, on ALOX5 (PDB
ID:6N2W). It showed good docking score compared to the standard drugs. The 9-chloro acridine was synthesized by
Jourdan-Ullmann Condensation reaction from this using different aldehydes the 3 derivatives were synthesized.
After that, characterization of the derivatives was performed by IR, NMR and MASS spectroscopy. From the
synthesized derivatives, 9SAD-A and 9SAD-C showed good anticancer activity, whereas 9SAD-B and 9SAD-A
showed good anti-inflammatory activity, and 9SAD-A and 9SAD-C showed good antioxidant activity. These results
make these synthesized 9 substituted acridine derivatives an interesting lead molecule for more synthetic and
biological evaluation. These compounds certainly hold great promise towards pursuit to discover novel class of
anticancer, anti-inflammatory, antioxidant agents in order to further improve these activities in future.
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Table : 1 Compound with Structure

IUPAC name of the

Compound Code Structure
compound

9-chloro acridine 9-chloro acridine

9-substituted acridine

derivative A (9SAD- A) ~ .
N/

T
° 2-(acridin-9-

yloxy)benzaldehyd
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9-substituted acridine
derivative B (9SAD- B)

0o—z—0

I

o
(T 1
N/

I

Acridin-9-yl-(4-

methanol

dimethylamino-phenyl)-

9-substituted acridine
derivative C (9SAD- C)

I
N
Ten,
HO. S

=
O /O
N

1-(acridin-9-yl)-3-(4-
dimethylamino-
phenyl)prop-2-en-1-0

Compound Molecular Hydrogen Hydrogenbond Molar
LogP L
code mass bond donor acceptor refractivity
9SAD-A 299.32 0 2 0.45 63.86
9SAD-B 328.16 0 1 0.97 72.25
9 SAD-C 354.44 0 1 0.98 78.07

Table No.3: Docking scores for synthesized compounds against 2M59

COMPOUND CODE DOCKING SCORE AGAINST 2M59
9SAD-A -8.545
9SAD-B -6.683
9SAD-C -7.799

Table No 4: Docking scores for synthesized compounds against 6N2W

COMPOUND CODE DOCKING SCORE AGAINST 6N2W
9SAD-A -6.969
9SAD-B -7.990
9SAD-C -5.893

Table No.5 : NMR spectra of 9SAD-A

Node shift obtain NMR base value remarks (ppmrel. to
spectra TMS)
CH 9.605 9.6 CHO
CH 7.704 7.26 C=C(benzene)
CH 6.97 7.26 C=C(benzene)
CH 7.73 7.26 C=C(benzene)
CH 7.32 7.26 C=C(benzene)
CH 7.72 7.61 H on quinoline Ring
CH 8.28 7.69 H on quinoline Ring
CH 7.85 7.61 H on quinoline Ring
CH 797 8.05 H on quinoline Ring

Table No. 2: Lipinski rule analysis of proposed 9 substituted acridine derivatives by SCFBio online software
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Functional group Mode of vibration Wavelength (cm'l)
CHon Ar Bending 748.40

C=N Stretching 1643.90

CHon Ar Stretching 3180.38

C=Con Ar Stretching 1483.91

C-ConAr Stretching 1571.12

C-N Stretching 1232.05

C-O Stretching 1343.90

C=0in aldehyde Stretching 1732.05

Mass spectrum: molecular ion peak at m/z: 300.16Da

Table No.7 : NMR spectra of 9SAD-B

Node Shiftobtain NMR Base value Remarks (ppm rel. to
spectra TMS)

CH 3.327 0.86 Methyl-CH3
OH 6.43 4.20 Alcohol-OH
CH 6.64 7.26 C=C(benzene)
CH 7.23 7.26 C=C(benzene)
CH 7.69 7.61 H on quinoline Ring
CH 7.82 7.61 H on quinoline Ring
CH 7.95 8.05 H on quinoline Ring
CH 8.534 7.68 H on quinoline Ring
CH 6.157 1.50 Methine-alpha

Table No. 8 : IR interpretation of 9SAD-B

Functional group Mode of vibration Wavelength (cm™)
CHon Ar Bending 810.10
C=N Stretching 1654.90
CHonAr Stretching 3180.48
C=Con Ar Stretching 1546.66
C-ConAr Stretching 1585.41
C-N Stretching 1368.22
C-O Stretching 1311.76
CHon CH3 Stretching 2902.28
CH on CH3 Bending 1430.97
CH on CH3 Rocking 1392.29
OH Stretching 3380.48
OH (alcohol) Bending 1064.33
Mass spectrum molecular ion peak at m/z: 327.69Da
Table No. 9: NMR spectra of 9SAD-C
shift obtain NMR Remarks m
Node spectra Base value rel. to TMS()IOIO
CH 3.04 0.86 CH3
OH 6.43 4.20 OH (alcohol)
CH 6.76 7.26 C=C(benzene)
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CH 7.56 7.26 C=C(benzene)

CH 7.67 761 H on quinoline Ring
CH 7.82 761 H on quinoline Ring
CH 7.95 8.05 H on quinoline Ring
CH 8.13 7.68 H on quinoline Ring
CH 6.61 5.25 Ethylene H-C=C-H
CH 5.794 525 Ethylene H-C=C-H
CH 5.56 150 Methine-alpha

Table No. 10: IR interpretation of 9SAD-C

Functional group Mode of vibration Wavelength (cm-l)
CHonAr Bending 806.84
C=N Stretching 1689.31
CHon Ar Stretching 3211.87
C=Con Ar Stretching 1471.46
C-ConAr Stretching 152429
C-N Stretching 123335
=CH Stretching 3394.17
=CH Bending 970.77
C-O Stretching 1211.87
CHon CH3 Stretching 2902.04
CHon CH3 Bending 1430.64
CHon CH3 Rocking 1367.96
OH (alcohol) Bending 1119.20
C=C on alkenes Stretching 1653.27
Mass spectrum: molecular ion peak at m/z: 354.86Da
Table No.11: In-vitro antioxidant value with standard deviation
Percentage inhibition
Com‘é%‘ézd 10 20 30 40 50
(mcg/ml) (mcg/ml) (mcg/ml) (mcg/ml) (mcg/ml) ICs
9SAD-A 26.8 43.3 58 63.7 744 28.17
9SAD-B 18.8 20.3 34.2 39.2 40.1 49.14
9SAD-C 25.3 38.7 46.6 58.2 64.6 32.13
Ascorbic 326 48.4 595 74.2 815 2532
acid
Each value expressed as percentage of activity mean + standard deviation
Table No. 12 : In-vitro cytotoxicity study of synthesized compounds against DLA
Percentage growth inhibition (%)
Derivatives (concentration in pg/ml) ICs0
10 20 50 100 200
9SAD-A 10.4£15 15.0£1.3 21.3+2.7 46.3+1.8 86.7+2.6 105.73
9SAD-B 6.8+£0.06 9.82+2.35 10.3£1.83 17.1£1.96 23.9+2.01 279.70
9SAD-C 6.88£1.3 9.24£1.2 104+1.4 18.7£0.7 49.1+0.3 201.44
5-flurouracil 20 32 50 58 70 82.60
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Compound percentage inhibition+ standard deviation
code 25mcg /ml 50mcg/ml 100mcg/ml ICs
9SAD-A 29.2341+0.1329 33.7891+0.1267 37.9753+0.1521 86.00
9SAD-B 34.145620.1201 39.4356+0.1034 46.4765+0.0863 72.66
9SAD-C 15.3513+0.1217 31.13063+0.1167 36.8588+0.0974 105.26
Diclofenac 78.4924+0.0973 88.4861+0.0521 93.2154+0.0307 34.590+1.090

HO o

nH,
o+ Cuo NH
pr—
AN HO

. anhydrous
2-Chloro-benzoicacid  Phenylamine K2C03

or aminobenzoic acid

N-phenyl antranilic acid

POCI3
N

cl
N

9-Chloro-acridine

Fig.1: Methods employed

9SAD-A 9SAD-B 9SAD-C

Fig. 2. Docking images of synthesized compounds in 2M59 targets
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Fig. 3. Docking images of synthesized compounds in 6N2W targets
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ABSTRACT

The advancement in Computed Tomography(CT) have provided an various opportunities to
upgrade an new clinical applications, new protocols also good image quality. Every medication
might have adverse reactions at the time of injecting the dose or some of the medications will
have late or minor effects after administration. It shows in various literatures that Computed
Tomography contrast media have been injected and assessment of blood pressure have been done
in Contrast Enhanced Computed Tomography (CECT) protocols. The blood pressure have been
measured before the Computed Tomography scan without injecting contrast and after injecting
blood pressure have been measured. With respect to various literatures have been published it
seems that there is an slight increase in blood pressure seen in maximum number of cases in
results of the different literatures after injecting contrast media.

Keywords: CECT Scan, Contrast media, Intravenous Injection, Systolic Blood Pressure, Diastolic Blood
Pressure

INTRODUCTION

As the advancement in CT Technology is getting developed Intravenous administration of contrast media
practice at the time of CT scan is also getting updated [1]. With every medication there will be potential
adverse reactions or side effects [2]. Administration of iodinated contrast media may get some reactions or
side effects depending upon characteristics of contrast media and its phenomenon or incident of reaction
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ranges from 0.2% to 12.7% of contrast injections [3]. Depending upon the osmolality of contrast media
hemodynamic changes observed rapid intravenous injection of contrast media [4]. In 1960s and 1970s
patients with history of pheochromocytoma, Hypertensive crisis were noted in CT protocols of intravenous
examinations of contrast media [5,6]. In Interventional procedures decrease in blood pressure were noted
with non-ionic contrast media administration [7]. Currently, non-ionic low osmolar contrast media were used
while performing CECT protocols in CT[8]. As a result of high-osmolar contrast media Hypertensive crisis
were reported, low osmolar contrast media need to assess for different variations in blood pressure.

BLOOD PRESSURE

Blood pressure is defined as force is applied on the walls of the blood vessels by circulating blood.
Basically the blood pressure depends upon three types of interaction namely as compliance of arterial walls,
blood volume and cardiac contractility. Previoulsy blood pressure is measured in Millimeters of mercury
(mmHg). As heart contracts maximum pressure in main circulation of blood vessel is known as systolic
blood pressure and minimal pressure at the time of diastole just before next to systole known as Diastolic
blood pressure. The difference in systolic and diastolic pressures known as Pulse pressure [9].

DISCUSSION

BALD et al. have done study in patients with pheochromocytoma after contrast injection they concluded that
there is an increase in blood pressure [10]. Lin et al. has done the study on blood pressure changes during
retrograde brachial angiography in which they had concluded that rise in carotid artery blood pressure at
the time of angiography [11] which is similar to Stoeter et al., [12 ] study. Morris et al. had done study on
rabbit in which contrast media was injected by hand push method and they found an decrease in blood
pressure [4]. In counter to this study Saithoh et al. had done study on administration of contrast media
through catheter into carotid artery in which they observed that there is an increase in intracarotid systolic
blood pressure in Dogs [13].The study was done by Arathy and Sushil yadav on variation in blood pressure
during intravenous injection of contrast media for CECT abdomen scan were concluded that intravenous
injection of non-ionic low-osmolar contrast media there will be increase in both systolic and diastolic blood
pressure [14]. With respect to the results of various literatures of blood pressure variation after contrast
media administration shows that there is an increase in blood pressure values.

CONCLUSION

Depending upon subject to subject the values of systolic and diastolic blood pressure might be change. The
findings in various literatures suggested that there will be an some amount of elevation in blood pressure
after administration of contrast media.
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ABSTRACT

Dragon fruit is now getting popularity across the world including Indian market due to its nutraceutical
values. It has potential production under less water available zone and thus, present experiment was
done to see its growth performance under enhanced water use efficiency through mulching. There were 8
mulching treatment condition including control having three replication was carried out following RBD
statistical design. Results showed that a significant improvement in water use efficiency with higher
vegetative growth under organic mulching systems. Among them, wheat straw mulch and news paper
mulch showed a significant increase in plant growth that may influence the crop yield parameters in
future.

Keywords: dragon fruit, mulching, growth, Hylocerus sp.

INTRODUCTION

Dragon fruit, member of Cactaceae family, is a herbaceous perennial climbing cactus with triangular green stem
found especially in the semi-desert, hot/summer tropical regions of Latin America (Spichiger et al., 2000), however,
due to its nutraceutical properties, it is being cultivated commercially as fruit crop in 22 countries, such as Australia,
Columbia, China, Cambodia, Hawaii, Israel, Japan, Mexico, New Zealand, Taiwan, Srilanka, Spain etc. It is one of the
newly introduced exotic fruit crops in India (Maji, 2019; Maji et al., 2021). It is also known as pitaya, Strawberry pear,
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Queen of night, Honorable queen etc. Dragon fruit has broad medicinal and nutraceutical properties. It is widely
used as juice and in fruit salads and mostly consumed as fresh fruit as well as in form of many processed foods.
Regular consumption of Dragon fruit helps in fighting against cough and asthma, helps for healing wounds and cut
quickly by enhancing immune system. Dragon fruit is also rich in flavonoids, fibers and B group vitamins (B1, B2
and B3) which possess an important role to improve eye sight and prevent hypertension. Dragon fruit is also helpful
in reducing blood sugar levels. It contains high level of phosphorus and calcium that helps to reinforce bones and
play an important role in tissue formation and forms healthy teeth. For the many health benefits and in point of crop
diversification to increase farmers’ income proper cultivation of dragon fruit can help a lot. Although, dragon fruit
has xerophytic tendency, judicial water management can play important role for its better growth and development.
In this context, mulching is one of the practices that can conserve soil moisture and help for the plant growth under
less water availability period. Mulch insulated the soil helping to provide a buffer from heat and cold temperature.
Mulch keep weeds out to help prevent root competition. Mulch prevents soil compaction.

Mulching is a method to cover the soil while growing the crop. Apart from soil moisture conservation, it also
protects soil erosion, weed infestation, reduce evaporation etc. Various materials are used as mulch to cover the soil
like straw, plastic, leaves, wood chips, sawdust, newspaper, cardboard etc. Mulching is done in a wide range of
vegetables and fruit crops show better results with, mulching. With the extensive spread of technology and the
adoption of various methods, a farmer is becoming progressive and is getting maximum yield in a minimum area.
Mulching is one of the techniques that help to get maximum yield and quality produce in a minimum area. Mulches
preventing the contact between plants and soil, thus reducing the risk of disease (FAO, 2014), had significant
effects on micro-meteorological factors and individual growth of rice, as shown by an increase of relative humidity
(Zhang et al., 1994 and 2008). Furthermore, organic mulches can reduce the effect of salt toxicity on plant
growth (Ansari et al., 2001, Landis, 1988, Yobterik and Timmer, 1994) or actively accelerate soil desalinization
(Dong et al., 1996). Organic mulches can also help degrade pesticides and other contaminants (Smith and Skroch,
(1995), presumably by providing increasing microbial populations that degrade pesticides.

Living and organic mulches can increase, decrease, or have no effect upon nutrient levels depending upon
mulch type, soil chemistry, and particular nutrients of interest. As living and organic mulches decompose under
appropriate water and temperature levels, nutrients are released into the soil and become available for root
uptake or microbial use. Plastic mulching has the capacity to trap heat, which causes the soil temperature to increase.
Light-colored mulches reflect sunlight, whereas dark mulch absorbs it. Soil temperature can be lowered under light-
colored mulch. It is also beneficial to early crop production as well as increased production and productivity.
Organic mulch plays very important role to reflect solar radiation. This improves root growth increases the
infiltration of water, and also improves the water-holding capacity of the soil Newspaper mulching helps to control
weeds and also add little organic matter in soil. 3-4 cm thick sheet of newspaper should be used and edges should be
fastened with materials like pebbles gravels etc. keep wet or cover with bark or other mulch. The availability of
scientific information on dragon fruit cultivation is very limited because of low availability of quality planting
material, technical know how about proper cultivation with low cost technology having high return. Therefore, the
present experiment was conducted to standardize low cost mulching technology for better water efficiency and its
effect on crop growth.

MATERIALS AND METHODS

The present experiment entitled was carried out at the Horticulture Research Farm of the Department of
Horticulture, Babasaheb Bhimrao Ambedkar University, Lucknow, U.P., India during Rabi season of 2020 and 2021.
The geographically Lucknow is situated at 26° 50’ N latitude, 80°5’ E longitude and the altitude of 111 meter above
mean sea level (MSL). Lucknow is fall under the humid subtropical climate with the average rainfall of about 110
c¢cm and relative humidity ranged during these condition approximately ranging 60-90% depending upon the
weather and the climatic factor. During the winter condition (December-January) the temperature may be fall up to
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the 2°C and during summer (May-June), the temperature may go beyond the 43°C. The Lucknow condition received
major form of the rainfall only by south-west monsoon, which received during the generally third week of June and
precedes by the end of September with heavy rainfall during the monsoon season. Mulch materials Black polythene,
White polythene, News paper, Wheat straw, Rice straw, Wood husk, Grass mulch were used and a treatment with no
mulch was considered as control.

Mulch covers was spread over 45 - 60 cm from base and about 1.5-2 inch thick near the base. There were eight
treatments randomly laid out following RBD design having three replications. The observations were taken for
vegetative growth characters as the plants were 2 years old and do not have flowering period during winter months.
The pinkish red fleshed dragon fruit plants [Hylocerus costaricensis (Web.) Briton and Rose] with uniform growth
were selected for the study. The plants were raised from stem cutting done in the institute and maintained organic
nutrition along with other cultural operations. Field soilwas sandy loam and slightly alkaline in nature with soil pH
8.2, with uniform topography. Vegetative growth observations were taken for consideration namely- height of the
plant was recorded from surface of soil to the tip of the longest stem of the plant with the help of meter scale;
Number of branch per plant was counted as primary branches at 30, 60 and 90 days after treatment (DAT). Stem
circumference was measured with help of vernier caliper at central portion of a middle cladode. Base cladode
length of 70-75 cm length was chose for taking the reading increase in length was measured with the help of
measuring tape/scale and expressed in cm. Number of spines counted in each areole manually of randomly selected
cladode and average number was calculated by dividing by total number of areoles. Similarly, average length of
spine was measured with the help of vernier caliper. Statistical analysis was done as per standard method (Sahu and
Das, 2014) and treatment means were compared at 5% level of significance.

RESULTS AND DISCUSSION

It was observed that mulching had a significant effect of increase in plant height. It was seen that from 30 to 60 days
the rate of increase in plant height was higher under news paper mulching followed by black polythene mulch and
wheat straw mulch. Similar pattern of increase was observed at 90 days but was statistically at par with grass
mulch and control, however, reason behind that was unclear. From 30 to 90 days, it was clear that newspaper
mulch caused maximum increase of plant height (5 cm) which was significantly higher as compared to other
mulching. The current finding is in harmony with those of Verma et al. (2005), who reported that mulching
improved vegetative growth of apple trees and distribution of shoots as well as absorption of nutrients. The
distance between areoles found higher under news paper mulch and rice straw mulch at 30 and 60 days after
treatment (DAT). However, the increase in areole distance was maximum under grass mulch followed by white
polythene mulch. The rate of increase in areole distance was found higher with wheat straw mulch followed by
white polythene and news paper mulch. But, the total increase from 30 to 90 DAT was recorded highest with white
polythene mulch and wheat straw mulch.

The maximum increase rate in areole distance also increase the total plant height since there two are interlinked.
Number of spine per areole was non-significantly influenced by different application of mulching. Number of spine
per areole was varied from 4.19 at 30 DAT to 4.83 at 90 DAT. Similar pattern in number of spine in different
treatment might be due to the fact that it might be a genetically governed character. Mauseth (2006 also found that
there was no significant variation in spine number per areole even studied among different clones. Similar to number
of number of spine, the length of spine also was not significantly influenced by different mulching treatments. It was
varied from 0.43 cm at 30 DAT to 0.58cm at 90 DAT. It was observed that maximum of spine length (0.58 cm) was
recorded under treatment T: i.e. wheat straw mulch (0.58 cm) followed by control treatment (0.52 cm) at 90 DAT.
Similar kind of result was also observed by Mosco (2009) and it might be due to genotypic effect. It was observed
that maximum increase of cladode length (2.17 cm) in dragon fruit plant was recorded in rice straw mulch after 60
days of treatment followed by black polythene. At 90 DAT, the highest increase was observed under white polythene
(3.33 cm). However, total increase from 30 to 90 DAT was found maximum in rice straw mulch followed by grass
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and wheat straw mulch. That may be due to organic nature of that mulch which may facilitate favourable condition
for better growth. Zhang et al. (2010, 2014) reported that soil moisture content in apple trees zone was the highest
with gravel mulch treatment. This could be possible due to increase intensive metabolic processes (Lei et al., 2012;
Liang et al., 2002; Liu et al., 2014). Higher areole distance due to white polythene and rice straw might increase
overall cladode length. It was observed that mulching also had a significant influence on number of branch and stem
circumference at central cladode position.

The maximum number of branch per plant at 90 DAT was counted with news paper mulching. The increase rate
was higher during early growth from 30 to 60 DAT as compared to second growth period from 60 to 90 DAT.
Maximum 5.33 branches increase was found in saw dust mulch from 30 to 90 DAT but statistically at par with news
paper mulch (5.0). Pang et al. (2012) showed that the soil moisture and microbial quantity increased when mulched
by gravel and sand. Hence, this could increase nutrients uptake and translocation of nutrients. Many investigators
supported these findings (Belatus, 2002). In addition to that, Moslem et al. (2012) reported that, all treatments
of mulching significantlyincreased the number of leaves of fig trees compared with control.

CONCLUSION

From the investigation with mulching on dragon fruit it can be concluded wheat straw mulching and newspaper
mulching significantly increase the height of plant, circumference (central portion of areole), number of branch or
cladode per plant, cladode length (1stcladode) and number of spine (12 central areole), spine length followed by saw
dust mulching. Thus, organic mulching was best and rice straw, wheat straw and news paper mulch could be used for
dragon fruit cultivation for better growth.
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Table 1: Effect of mulching on plant height of dragon fruit at 30, 60 and 90 DAT

Total increase
Treatment 30 DAT (cm) GO(CIan,?T In;ﬁ.?_sfc;tgso 90(531— In;ti?_s?ci:;) 0 from 30( ctrc; ;ao DAT
To- Control 131.33 132.33 1.00 134.33 2.00 3.00
Ti- Grass mulch 164.66 165.66 1.00 167.66 2.00 3.00
T2 - Wheat straw mulch 164.66 166.66 2.00 167.66 1.00 3.00
Ts- Saw dust mulch 142.33 143.66 1.33 145.33 167 3.00
Ta- Black polythene mulch 101.66 104 2.34 105.33 133 3.67
Ts- White polythene mulch 144.33 146 1.67 147.66 146 3.33
Tes - News paper mulch 180.66 183.66 3.00 185.66 2.00 5.00
T7- Rice straw mulch 155.33 157 1.67 158.50 1.50 3.17
SEm (%) 5.591 6.801 0.097 6.896 0.102
CD (P=10.05) 17.122 20.829 0.297 21.12 0.312

Table 2: Effect of on average areole distance at 30, 60, and 90 DAT

Total

30 DAT| 60 DAT Increase at 90 DAT Increase at increase from
60 DAT 90 DAT
(cm) (cm) (cm) 30 to 90 DAT
(cm) (cm)

(cm)

To- Control 16.29 17.82 0.93 19.82 2.00 293

Ti- Grass mulch 16.60 19.01 2.41 20.42 1.41 3.82

T2 - Wheat straw mulch 16.30 17.83 153 21.81 3.98 5.43

Ts- Saw dust mulch 19.27 19.52 0.27 22.84 3.32 3.59
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Ta- Black polythene mulch 18.94 19.46 0.52 21.76 2.80 3.32
Ts- White polythene mulch 19.94 21.75 181 23.19 3.82 5.63
Ts - News paper mulch 21.70 22.67 0.97 26.49 3.82 4.69
T7- Rice strawmulch 21.69 2265 0.96 2547 1.44 2.40
SEm () 0.892 0.946 0.051 1.073 0.137
CD (P=0.05) 2732 2.897 0.156 3.285 0.420
Table 3: Effect of number of spine at 30, 60, and 90 DAT
Treatment 30 DAT 60 DAT 90 DAT
To- Control 419 433 4.42
Ti- Grass mulch 433 4.39 4.47
T2 - Wheat straw mulch 431 433 450
Ts- Saw dust mulch 4.44 4.72 4.78
Ta- Black polythene mulch 453 456 4.61
Ts- White polythene mulch 4.56 4.64 4.83
Ts - News paper mulch 444 447 450
T7- Rice straw mulch 447 4.67 4.75
SEm (%) 0.94 0.59 0.64
CD (P=0.05) NS NS NS

Table 4: Effect of mulching on

length of spine at 30, 60, and 90 DAT

Length of spine (cm)

Treatment 30 DAT 60 DAT 9 DAT
To- Control 0.50 0.50 0.52
Ti- Grass mulch 0.46 0.46 0.46
T2 - Wheat straw mulch 0.56 0.56 0.58
Ts- Saw dust mulch 0.40 0.40 0.42
Ta- Black polythene mulch 043 0.43 0.44
Ts- White polythene mulch 0.46 0.46 0.47
Ts - News paper mulch 043 043 0.44
T7- Rice straw mulch 043 0.43 0.45
SEm (1) 0.023 0.023 0.024
SD (P=0.05) 0.072 0.072 0.073
Table 5: Effect of mulching on cladode length (1st cladode) at 30, 60,and 90 DAT
Cladode length (cm) 1st cladode
Treatment 30 DAT (cm) 60 DAT |Increaseat60| 90 DAT |Increase at 90| Total increase from
(cm) days (cm) (cm) DAT (cm) | 30 to 90DAT (cm)
To- Control 69.00 70.00 1.00 72.00 2.00 3.00
Ti- Grass mulch 94.33 96.00 1.67 99.00 3.00 467
T2 - Wheat straw mulch 115.33 117.00 1.67 120.00 3.00 467
Ts- Saw dust mulch 97.00 98.66 034 101.66 3.00 3.34
Ta- Black polythene mulch 70.00 72.00 2.00 74.00 2.00 4,00
Ts- White polythene mulch 103.33 104.33 1.00 107.66 3.33 433
Ts - News paper muich 141.33 143.00 1.67 14550 2.50 417
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T7- Rice strawmulch 106.33 108.50 217 11133 2.83 5.00
SEm () 4,250 4324 0.069 4.444 0.121
CD (P=0.05) 13.017 13.241 021 13611 0.372

Table 6: Effect of mulching on stem circumference (cm) at centralportion of areole at 30, 60, and 90 DAT

Treatment Circumference (cm) at central portion of cladode
30 DAT 60 DAT 90 DAT
To- Control 11.66 12.16 13.00
Ti- Grass mulch 14.33 14.66 15.33
T2 - Wheat straw mulch 14.66 15.33 16.33
Ts- Saw dust mulch 13.66 14.16 15.00
Ta- Black polythene mulch 14.00 14.66 15.66
Ts- White polythene mulch 13.00 13.66 14.66
Ts - News paper mulch 16.00 16.33 17.66
T7- Rice straw mulch 14.66 15.16 16.00
SEm (%) 0.654 0.682 0.727
CD (P=0.05) 2.002 2.090 2.227
Table 7: Effect of mulching on number of branch in per plant
Number of branch in per plant Total increase
) (cm)
Treatment 30DAT | 60 DAT ";greDaase At 90 DAT '”c";ase a0 | om 30 to 90
ys ays DAT
TO - (Control) 3.66 533 1.67 7.33 2.00 3.67
T1- (Grass mulch) 4.33 5.66 133 7.66 2.00 3.33
T2- (Wheat straw mulch) 4.33 5.33 1.00 7.00 1.67 2.67
T3- (Saw dust mulch) 3.33 6.00 2.67 8.66 2.66 5.33
T4 (Black polythene mulch) 4.00 6.66 1.66 8.33 167 3.33
T5- (White polythene mulch) 4.00 5.56 1.56 7.33 177 3.33
T6 -(Newspapermulch) 4.00 6.00 2.00 9.00 3.00 5.00
T7- (Rice straw mulch) 4.33 6.00 1.67 7.66 1.66 3.33
SEm (&) 0.190 0.118 0.088 0.386 0.098
CD (P=0.05) 0.583 0.361 0.27 1.181 0.301
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ABSTRACT

In this dissertation, we introduce the new type of connected spaces called a (1,2)*-rps-connected spaces.

Keywords: (1,2)*-rps-connected space, (1,2)*-gpr-connected space, (1,2)*-pgpr-connected space, (1,2)*-
Tigp-connected spaces.

INTRODUCTION

J.C.Kelly [1] was first introduced the concept of a bitopological spaces (X,z,, 7,), where X is a nonempty set and ,,7,
are topologies on X. Pervin [2] was first to define connectedness and components in bitopological spaces.
Connectedness is one of the principal topological properties used to differentiate topological spaces. The concept of
rps-closed sets in bitopologicalspace was introduced by K.Indirani and G.Sindhu [10]. In this paper we introduce
(1,2)*-rps-connected in bitopological space and investigate the basic properties of (1,2)*-rps-connected space.

Preliminaries

Throughout this paper (X,t;, t,) represents a bitopological space on which no separation axiom is assumed unless
otherwise mentioned. For a subset A of bitopological space X, cl(A) and int(A) denote closure and the interior of A
respectively. X \ A denotes the complement of A in X. we recall the following definitions and results.

Definition 2.1:A subset of a space (X,t, 7,) is called
(i) (1,2)*- regular-open [3] if A= 1, ,-int(r; ,I(A)) and (1,2)*-regular closed if A=t ,-Cl(1; ,-int(A))
(i) (1,2)"-pre-open [4] if AC 1, ,-int(ry ,-cI(A)) and (1,2)*-pre closed if Ty ,-Cl(T; ,-INt(A))SA

(i) (1,2)*-semi-pre-open [5] if AS 7, ,-cl(ty ,-int(T; ,-Cl(A)) and (1,2)*-semi-pre-closed if 7, ,-int(t; ,-Cl(7y ,-INt(A))SA
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(iv) T, ,-m-open [6] if A is a finite union of (1,2)"- regular open sets. The (1,2)"-semi-pre-closure of a subset A ofX is
the intersection of all (1,2)*-semi-pre-closed sets containing A and is denoted by (1,2)*-spcl(A) and the (1,2)*-pre
closure of a subset ofX is the intersection of all (1,2)*-pre-closed sets ContainingA and is denoted by (1,2)*-pcl(A).

Lemma2.2: [8]

For any subset A of a bitopological space X, the following relations hold:
(i) pcli,A=AUcl,(int, A)

(ii) spcly, A=A Uint, ycl, H(int; , A)

Definition 2.3

A subset A of a space X is called

(i) (1,2)*-regular generalized closed or (1,2)*-rg-closed [11] if cl (A) € U whenever A € U and U is (1,2)*-regular
open.

(ii) (1,2)*-generalized preregular closed or (1,2)*-gpr-closed [9] if (1,2)*-pcl(A) € U when ever A € U and U is
(1,2)*-regular open. The complement of an (1,2)*-rg-closed set is (1,2)*-rg-open and the complement of a (1,2)*-gpr-
closed set is (1,2)*-gpr-open.

Definition 2.4:

A subset A of a space X is called

(i) (1,2)*-regular presemiclosed or (1,2)*-rps-closed [10] if (1,2)*-spcl(A) € U when ever A € U and U is (1,2)*-rg-
open.

(ii) (1,2)*-m-generalized preclosed or (1,2)*-m gp-closed [7] if (1,2)*-pcl(A)S U when ever A € Uand U is (1,2)*-n-
open.

(iii) (1,2)*-pre-generalized pre-regular closed or (1,2)*-pgpr-closed [12] if (1,2)*-pcl(A)< U whenever A € U and U
is (1,2)*-rg-open. The complement of an (1,2)*-rps-closed set is (1,2)*-rps-open, the complement of a (1,2)*-ngp-
closed set is (1,2)*-m gp-open and the complement of a (1,2)*-pgpr-closed setis (1,2)*-pgpr-open.

Definition 2.5: [13]
A function . (X,7;,7,)~(Y 0, 0,) is (1,2)*-rps-continuous if f~1(V) is (1,2)*-rps-closed in (X,z;,7,) for every closed
setVin (Y,oq, 03).

Definition 2.6: [13]
A function f: (X,t1,7,)=(Y,04,03) is (1,2)*-rps-irresolute if f~1(V) is (1,2)*-rps-closed in (X,rq, t,) for every (1,2)*-rps-
closed set Vin (Y,0y, 05).

Definition 2.7:

A topological space (X,74,7,) is said to be

(i) (1,2)*-pgpr-connected if X cannot be written as the union of two nonempty disjoint (1,2)*-pgpr-open sets in X
(ii) (1,2)*- gpr-connected if X cannot be written as the union of two nonempty disjoint (1,2)*-gpr-open setin X.
(iii) (1,2)*-mgp-connected if X cannot be written as the union of two nonempty disjoint (1,2)*-rgp-open sets in X.

Definition 2.8:
A function f: (X,r;,7,)~(Y,04,0,) is (1,2)*- contra rps-continuous if f~(V) is (1,2)*-rps-closed in (X,7,,1,) for each
7, ,-0pen set Vin (Y,oy, o).

Lemma2.9: [13]

Let f:(X,t1, T2)~(Y,01, 05) be a function. Then the following are equivalent.

(i) fis(1,2)*-rps-continuous.

(ii) Theinverseimage of each 7, ,-closed set in Y is (1,2)*-rps-closed in X.

(iii) The inverse image of each 7, ,-open setin Y is (1,2)*-rps-open in X.
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Theorem 2.10: [13]
A function . (X,t;,7,)—(Y,04,0,) is (1,2)*-rps-irresolute if and only if the inverse image of every (1,2)*-rps-open set
inY is (1,2)*-rps-open in X.

Lemma 2.11:

For a bitopological space X, the following are equivalent.

(i) Xis (1,2)*-pgpr-connected

(ii) The only subset of X which are both (1,2)*-pgpr-open and(1,2)*-pgpr-closed are the empty set and X.

Lemma 2.12:
(i) Every (1,2)*-pgpr-closed set is (1,2)*-rps-closed.
(ii) Every (1,2)*-pgpr-open set is (1,2)*-rps-open.

Remark 2.13:
If Ais (1,2)"-rps-closed in (X,74, 7,), then A'is 7, ,-closed in (X'Tirzrps) provided 1,2, isbitopology.

Definition 2.14
A space (X,74,7;) is called (1,2)*regular pre-semi-T3/4(briefIy (1,2)*-rps-T3/4) if every (1,2)*-rps-closed set is (1,2)*-

pre closed.

Diagram 2.15
(1,2)*-preclosed ———  » (1,2)*-pgpr-closed ———  » (1,2)*-rps-closed.

111 (1,2)*-RPS-CONNECTED SPACES

Definition 3.1

A bitopologicalspace X is said to be (1,2)*-rps-connected if (X,z;,7,) cannot be written As the disjoint union of two
nonempty (1,2)*-rps-open sets in (X,7;, 7,).

Definition 3.2
A subset S of a bitopological space X is said to be (1,2)*-rps-connected relative to X if S cannot be written as the
disjoint union of two nonempty (1,2)*-rps-open sets in X.

Theorem 3.3:

For a bitopological space X, the following are equivalent.

(i) Xis (1,2)*-rps-connected

(ii) The only subsets of X which are both (1,2)*-rps-open and (1,2)*-rps-closed are the empty setand X.

(iii) Each (1,2)*-rps-continuous function of X into a discrete space Y with atleast two points is a constant map.

Proof

Suppose X is (1,2)*-rps-connected. Let S be a proper subset which is both(1,2)*-rps-open and (1,2)*-rps-closed in X.
Then its complement X/S is also (1,2)*-rps-open and (1,2)*-rps-closed. Then X= Su(X/S). a disjoint union of two
nonempty (1,2)*-rps-open sets which contradicts (i). Therefore S