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Cross-tolerance of bacteria to structurally unrelated stress factors
P. Varija!, M. K. Chattopadhyay?

!Assistant Professor, Department of Pharmaceutical Biotechnology, Krishna Teja Pharmacy College,
Chadalawada Nagar, Renigunta Road, Tirupati, 517506, Andhra Pradesh

ZRetired Senior Principal Scientist, Centre for Cellular and Molecular Biology (CSIR), Hyderabad 500007,
Telangana State

Abstract :

Bacteria are challenged with different types of stress conditions (e.g, high and low temperature, low
pH, high salt) in the natural environments, inside our body and also in the freezer compartments used
for the storage of food materials. Exposure to sub-inhibitory doses of these stressors may be associated
with tolerance of the organisms to higher dose of the same stressor and sometimes resistance to a
different stress condition. Implication of these phenomena in food safety and antibiotic therapy is
discussed with relevant examples.

Introduction

Bacteria are unicellular organisms present everywhere in nature. They cannot run or fly when confronted with
unfavorable environments. They have to withstand freezing sub-zero temperature of the glaciers, high temperature
of the hot springs, high pressure of the sea bottom and desiccating environment of the dried -up lakes when they
happen to be there. Small intestine is the preferred niche of Salmonella typhi (the bacterium that causes
typhoid) in the human body. But before reaching there after gaining entry into the body through contaminated
food and drink, the pathogen has to survive the highly acidic pH of the gastric juice, when passing through the
stomach. The ability of bacteria to adapt to the extreme environments makes some of them useful for different
types of biotechnological purpose [1]

The unfavorable conditions (high or low temperature and pH, high salt, dehydration, high pressure, ionizing
radiation) not conducive for the sustainment of life, are called stress factors (or stressors). Bacteria are challenged
with multiple stressors in the outer environment. As a matter of fact, the stressors seldom occur alone in nature.
They occur mostly in various combinations. Antarctica is very cold and very dry. So bacteria present there have
to be cold-tolerant and desiccation-tolerant. Water in many hot springs is acidic. Hence, bacteria isolated from
that water, have to be heat-tolerant and acid-tolerant. Similarly, bacteria in the sea bottom have to cope with high
salinity and high pressure. Bacteria are all-pervading. Hence they are endowed with the capacity to tolerate more
than one environmental stressor. Accumulating evidences suggest that some bacteria might evolve with molecules
that enable them to adapt to multiple stressors. Biotechnological potential of these multi-stress combatants
appears to offer a challenging field for scientific investigation [2-3].

Existence of bacteria is threatened by various types of stressors not only in the natural environment. When we
preserve food in cold, we also subject the different types of bacteria present in the food materials, to low
temperature of the freezer compartment. Further, in order to ensure total arrest of bacterial growth during
preservation, we add salt and organic acid (in the form of lemon juice) to the food materials. Thus, bacteria in
the food are challenged with multiple stressors (low temperature, high salt, low pH). Nature endows them with
the capacity to adapt to these stressors. Unfortunately, this adaptability does not augur well with our well-being.
Let us see why.

Correspondence :
Dr M. K. Chattopadhyay, Rukama Abode (2" Floor), Plot No 1, Road No 3, Samathapuri Colony, New Nagole, Hyderabad
500 035, Telangana State. M : 9989285095 madhab.ccmb@gmail.com

NSHM Journal of Pharmacy and Healthcare Management, 2022 1



NSHM Journal of Pharmacy and Healthcare Management, 2022

Stress- hardiness and Cross-tolerance

It is a fact that even from the well-preserved food materials, live bacteria are isolated from time to time. So
there is no doubt that despite our best possible effort, bacteria present in the food cannot be totally annihilated.
Like their naturally-occurring cousins, they also adapt to the stressors inflicted upon them by us. When adapted
to the low dose of one stress factor, they develop resistance to the higher dose of the same stressor. The
phenomenon known as stress hardiness makes it difficult for us to ensure safety in consumption of the preserved
food materials. It may not be possible for us also to use the stressors (salt, organic acid) in the correct amount
to completely arrest the growth of the contaminating bacteria. The food bacteria in presence of sub-inhibitory
concentrations (SICs) of the stressors, develop tolerance also to some structurally-unrelated stressors. It is called
cross-tolerance. Thus, while preserving food in cold with salt and acid, we may inadvertently help food bacteria
in developing tolerance to (or getting trained to survive in presence of) more than one growth-inhibitory
substance [4]

Antibiotics as Stressors

It is observed that antibiotics are also sensed as stressors by bacteria. Exposure of a bacterial population to the
SICs of antibiotics induces stress-hardiness and cross-tolerance in them. On the other hand, some environmental
stressors (detergents, organic solvents, dyes, food components, preservatives) induce a group of genes. Some of
them trigger expression of at least one broad-range efflux pump that helps the bacterial cells to get rid of various
types of unfavorable substances (including antibiotics) by pushing them out of the cells. So even in our daily
life, we are unknowingly exposing bacteria to some substances that help them overcome the challenge of
antibiotics [4].

Bacteria in our body get exposure to the SICs of antibiotics in various ways. In this context, it appears
worthwhile to remember the concern voiced by Sir Alexander Fleming, the discoverer of penicillin, in his Nobel
Lecture (delivered at Stockholm on December 10, 1945) “The time may come when penicillin can be bought
by anyone in the shops. Then there is the danger that the ignorant man may easily under-dose himself and by
exposing his microbes to non-lethal quantities of the drug make them resistant”. The world-famous scientist no
doubt foresaw what is happening in our country at present. We take antibiotics for trifle illness (e.g, common
cold) on self-prescription and also following the advice of the “experienced” owners of the local pharmacy.
When we fall ill, most often we approach these quacks, instead of seeking advice from a qualified doctor. We
do not complete the course of antibiotics once symptoms of illness disappear. Moreover, antibiotics are added
to the animal feed in farms to prevent infection of the livestock and also to promote their growth. So their flesh
used as our food, may contain low amount of antibiotics [5]. Exposure to the SICs of antibiotics may trigger
the production of Reactive Oxygen Species (ROS) in the bacterial cells. ROS may induce mutation thereby
enhancing the possibility of emergence of the antibiotic-resistant varieties in the bacterial population [6]. The
SICs also promote a process called horizontal gene transfer that enables antibiotic-tolerant bacteria to transfer
copies of the resistance-conferring genes to unrelated bacteria present in their surroundings. Thus, the ability
of bacteria to adapt to the stressors appears problematic to us in multiple ways.

Studies on Cross-resistance : Some examples

A team of researchers at the University of Ulster, (Northern Ireland, UK) found increase in antibiotic-resistance
in some bacteria (Salmonella enteric serovar Typhimurium, Escherchia coli and Staphylococcus aureus) following
incubation under increased salt (>4.5%) or reduced pH (<5.0). The organisms were sampled from various types
of food materials (raw mussels, chicken and egg mix/fried rice ) and also from swabs taken from commercial
food kitchens. However, antibiotic-resistance was decreased following incubation at 45°C that was a sub-lethal
temperature for the bacteria [4]. Two scientists at the Department of Biochemistry, The Hong Kong University
of Science and Technology, observed when some E.coli cells were preserved at -80°C, most of the cells died.
But when they were heated at a sub-lethal temperature for a brief period of time before cold preservation, the
rate of recovery was substantially improved [7]. Similar investigations were performed some time back, as a
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part of the M.Pharm dissertation work of one of the authors of this paper (P.V) using mesophilic strain of a
bacterium Pseudomonas stutzeri at the Centre for Cellular and Molecular Biology (CCMB, CSIR) Hyderabad,
India. Freeze-tolerance of the strain was not enhanced following exposure to heat and high salt but its growth-
rate at room temperature was found to be improved.

Concluding remarks

It is obvious from the aforementioned reports, that exposure to mild stress might improve tolerance of bacteria
to environmental stressors. The stressors, which are harmful to them at high dose, appear to give them some
advantages at low dose. The observations made by the investigators affirm and corroborate the aphorism of the
19th century German philosopher Friedrich Nietzsche “What does not kill me makes me stronger”. Looking
from a broader point of view, we find that there are several types of stressors or adverse conditions which are
harmful to the living cells in high dose but beneficial in smaller dose. The differential response of living cells
or organisms (low dose stimulation, high dose inhibition) to various physical agents (temperature, pressure,
radiation) and chemical substances (acid, alkali, salt, some toxicants ) is known as hormesis. At present, it is
beginning to be understood by the investigators in the area of pharmacology, toxicology and medicine [8,9]..
Significant addition to the present state of knowledge is expected during the next few decades.
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Anthelmintic activity of hydroalcoholic extract of fruits of Solanum
seaforthianum and Solanum erianthum

P. Sivakami Sundari, Sonal Dubey* and Prashant Tiwari

*College of Pharmaceutical Sciences, Dayananda Sagar University,
Kumaraswamy Layout, Bangalore 560078

Abstract:

Genus Solanum possesses wide range of activities in traditional system. For our present study, we
have explored fruits of Solanum seaforthianum and Solanum erianthum for their phytochemical
constituents and investigated for anthelmintic effect. Phytochemical constituents were analysed
using preliminary tests and FTIR. The anthelmintic activity of hydroalcoholic extracts of both the
fruits were evaluated against earthworm Pheretima posthuma. Phytochemical investigations revealed
the presence of alkaloid, glycosides, phenols, saponins, tannins, terpenoids and flavonoids. The
study revealed that the hydroalcoholic extracts of the fruits of the plants showed significant
anthelmintic activity in a dose dependent manner leading to spontaneous immobility / or death of
earthworms.

Keywords: Solanum seaforthianum, Solanum erianthum, anthelmintic, Pheretima posthuma,
hydroalcoholic extracts.

Introduction :

Human population in developing nations as well as live stocks all over the world are majorly affected by gastro
intestinal parasites [1]. Helminthiasis is the most common infections in humans. These worms first infect the
GI tract and later can also seep into other organs, such as the liver, and the toxins released by them can cause
serious blood loss in these organs [2]. Helminth infections in domesticated animals produce sub-clinical illnesses
and economic losses, making helminths a serious health issue in livestock production. Chronic helminth infection
has higher chances of morbidity in both humans and live stocks in comparison to the other parasites [3].
Anthelmintic drugs are expensive, and there long term usage causes severe side effects and may lead to multiple
helminth resistance [4]. These elements call for opportunity and environmentally harmless management strategies
like herbal natural remedies to be explored in the treatment of Helminth infections. Medicinal plants are being
examined for their anthelmintic properties and utilised as anti-parasitic agents all over the world [5].

The plants used in traditional medicinal system in the treatment of infectious disease can be explored for their
activity in the crude extracts and analysing their phytoconstituents [6] Phytochemical constituents particularly
tannins have been found to possess anthelmintic properties by impairing different key pathways in the nematodes
life cycle [7.8].

From the literature survey, it has been found that Solanum species contain steroidal saponins, steroidal alkaloids,
terpenes, flavonoids, lignans, sterols, phenolic compounds, coumarins, amongst other compounds [9-11]. Many
species belonging to this genus present huge range of pharmacological activities such as cytotoxicity, hepato-
protective, antiulcerogenic, antioxidant, antimicrobial, anthelmintic, etc. In traditional medicine Solanum
seaforthianum and Solanum erianthum have been associated with curing digestive problem, fever, inflammation,
headache, leucorrhoea, piles, hemorrhoids, scrofula etc [9,12-16]. For our study, here we have explored the fruits
of Solanum seaforthianum, Solanum erianthum for their phytochemical constitution and anthelmintic property.

Correspondence :
Dr Sonal Dubey, Professor, Dept. of Pharmaceutical Chemistry, Dayananda Sagar University, Kumaraswamy Layout, Bangalore
560078
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Material and Methods

Collection and identification of fruits :

The fruits of Solanum seaforthianum and Solanum erianthum were collected in the month of Dec-Feb from
Karnataka, India. The authentication was done by Central Ayurveda Research Institute (under Ministry of Ayush,
GOI), Bangalore vide authentication ref. No. SMPU/CARI/BNG/2020-21/1304,1305 dated 6/3/2021.

Pre-treatment of raw material:

The fruits were initially washed with plain water, strained and dried under shade for fortnight. The dried fruits
along with seeds were then grounded into course powder in a mixer. This powder was further used for extract
preparation.

Preparation of hydroalcoholic extract:

Hydroalcoholic solvent mixture was prepared in 3:7 ratio of ethanol: water. Extract was prepared by macerating
the grounded powder in solvent for 7 days on electrical shaker. Filtration of mixture was carried out and solvent
was removed by evaporation to get dried extract.

Preliminary phytochemical analysis:

Preliminary phytochemical analytical tests such as test for alkaloid, glycosides, phenols, saponins, tannins,
terpenoids, flavonoids, carbohydrates, protein, oils and fats for screening the bioactive chemical compounds in
the fruits of both the plants were carried out with the hydroalcoholic extracts using the standard procedure as
described by Tanaka et al [17].

Evaluation of phytochemicals by examining of distinct functional groups included in the extract, which absorb
at their own characteristic frequencies, was done using FTIR spectroscopy. The peak values of FTIR were
recorded where the functional groups of the compounds were identified in terms of frequency and intensity of
absorption [7].

Anthelmintic Activity:
Animal : Pheretima posthuma (Adult Indian earth worms) of about 5-7 cm long were used for the present study.

Standard Drug used : Albendazole suspension (micronized albendazole suspension in the concentration of 10
mg / ml) was used as the standard to compare the test results [18].

Control : Plain distilled water

In vitro anthelmintic activity : All earthworms were acclimatized to lab conditions before experimentation.
Animals were divided into five groups: three treatment, one standard and one control. Each group consisted
for 6 earthworms/plate [19]. The treatment group earthworms were exposed to three different aqueous
concentrations of the extract : 25,50 and 100 mg/ml. The time taken by the worms to be become motionless
was noted as paralysis time and to ascertain death, each worm was frequently applied with external stimuli
which stimulates or induce movements in the earthworm, if alive [18,20].

The survival time was noted to determine the anthelmintic activity at each concentration. All the results were
expressed as a meantstandard error of mean of six worms in each group. Micronized Albendazole tablet powder
(10mg/ml) was used as a positive control; distilled water was used as control.

Results and Discussion:

Preliminary phytochemical and FTIR analysis Primary phytochemical assays revealed the presence of alkaloid,
glycosides, phenols, saponins, tannins, terpenoids, flavonoids, carbohydrates, protein, oils and fats. The IR
spectrums of both the extracts are given in Fig .1. The IR spectrum of Solanum seaforthianum (a) and Solanum
erianthum (b); indicates the presence of poly phenols, terpenoids, saponins, alkaloids and sterols.

NSHM Journal of Pharmacy and Healthcare Management, 2022 5
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Figl: IR spectrum of Solanum seaforthianum (a) and Solanum erianthum (b), showing prominent stretching
and bending indicating the presence of O-H, C=0, C-O-C, C-C aliphatic, C=C aromatic stretch. poly
phenols, terpenoids, saponins, alkaloids and sterols.

The results in Table 1 and Fig. 2, show that the time taken for paralysis and death of worms after being
treated with tes substance. The activity at higher concentration (100mg/ml) was comparable with standard drug
albendazole. Hydroalcoholic extract showed significant anthelmintic activity against earthworms, comparatively
Solanum erianthum has shown better activity than Solanum seaforthianum.

Table 1: Anthelmentic activity of Solanum erianthum and Solanum seaforthianum.

Groups Drug Time taken Time taken
Concentration for paralysis for death
(mg/ml) (Min) (Min)
Normal control - - -
Solanum erianthum 25 42+0.63 64.83%0.75
50 28.33+0.81 39.83+1.32
100 18.33+0.81 24.16+0.75
Solanum seaforthianum 25 51.33+0.81 51.83%£0.40
50 38.16+0.40 26.66+1.03
100 24.66+0.81 19.33+0.47
Albendazole 10 22.33+0.51 20.66+0.51

*The data is expressed as Mean = SD, n= 6 in each group. One way analysis of variance is followed by post
hoc Tukey’s Test p< 0.05.
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Fig 2: Graphical representation of anthelmintic activity of Solanum erianthum and Solanum seaforthianum

Albendazole kills the parasites by interfering with microtubular functions such as glucose uptake and glycogen
depletion whereas the phytochemical like steroids alters membrane permeability results in pore formation and
eventually causes mortality of parasites [21]. Both the fruit extracts demonstrated paralysis as well as death of
worms at a time comparable to albendazole at higher concentration. Some phytochemicals such as tannin and
phenolic compound also interfere with energy generation in helminth parasites by uncoupling oxidative
phosphorylation [22]. Tannins may even lead to parasitic death by binding to free protein in the GI tract of host
animal or glycoprotein on the cuticle of the parasite [23]. Phytochemicals such as polyphenols were shown to
possess anthelmintic activity against Nippostrongylus brasiliensis [24]. Triterpenoids and bitter principals are
known to possess anthelmintic activity [25]. Based on these findings, we can say that the tannins, phenols,
steroids, terpenoids and flavonoids present in the formulation may be synergistically responsible for the anthelmintic
activity of the hydroalcoholic extract.

Conclusion:

The present study assessed the presence of phytochemicals in the crude hydroalcoholic extracts of the fruits of
Solanum seaforthianum, Solanum erianthum using preliminary tests and FTIR. The extract was found to contain
tannins, sterols, terpenoids, phenolic components, and glycosides. The extracts showed anthelmintic activity at
higher concentration particularly Solanum erianthum extracts which showed better activity than albendazole.
Future studies to estimate the active components in the extract would be interesting to explore any novel
component or mechanism of action of these phytoconstituents along with their toxicity.
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Preparation and topical evaluation of the formulations of Mikania
micrantha leaves extract
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Abstract :

Mikania micrantha is used to stop external bleeding. It may also be used as analgesic and antiseptic
topically. The aim of the study was to evaluate the pharmacological properties of Mikania micrantha
as a blood clotting agent, analgesic and antiseptic through ointment or gel formulations. The crude
drug was obtained, washed thoroughly, dried and size reduced. The crude drug was then extracted
with purified water at moderate temperature and the extract was concentrated. The concentrated
extract was formulated into an ointment and a gel formulation using suitable excipients. Finally, the
formulation was tested on human subjects for evaluation of blood clotting, analgesic and antiseptic
properties. The results obtained proved that Mikania micrantha ointment and gel formulations had
significant blood clotting and wound healing properties. The extract also exhibited antibacterial
activity.

Keywords : Mikania micrantha, pharmacological properties, gel, ointment; antibacterial effect.

1. Introduction :

Mikania micrantha is a well known weed that grows rapidly and creeps perennially. Due to its fast growth
(around 20 cm per day), it is known as the “mile-a-minute” weed. It belongs to the family of Asteraceae and
was originally found in Central and South America [1]. A number of species have been identified, but studies
have been carried out on few of them. It consists of several constituents like diterpenes, sterols, flavonoids,
polyphenols, etc along with several antimicrobial constituents. Research has also been done to evaluate the
antibacterial, analgesic, anti-inflammatory and antitumor properties [2]. Further, the essential oils derived from
the plant are utilized in cosmetics and pharmaceuticals [3]. The leaves of the plant are commonly called ‘guaco’
and have several biological properties. They have been used in snake bites, treating skin rashes and in wound
healing [2, 4].

In the present study, the pharmacological potential of M. micrantha was evaluated to stop external bleeding, to
be used as analgesic and antiseptic topically and promote wound healing because it is an important natural
resource in the traditional medicine.

The objectives of the study are :
* To prepare extracts of the crude drug in water
* To prepare suitable formulations with the extract
e To evaluate the effect of the formulations on wound healing in healthy human volunteers

* To evaluate the antibacterial activity on Staphylococcus aureus bacteria in agar media (in-vitro)

2. Materials

Fresh Micania micrantha leaves, Carbapol 940, bees wax, hard paraffin, white soft paraffin, cetosteryl alcohol,

Correspondence :
Dr. Moumita Das Kirtania, Associate Professor, School of Medical Sciences, Adamas University, Kolkata-700126, Email:

moumita.das@adamasuniversity.ac.in, Mobile: +91 9051117332

10 NSHM Journal of Pharmacy and Healthcare Management, 2022




NSHM Journal of Pharmacy and Healthcare Management, 2022

purified water, methyl paraben, propyl paraben, nutrient agar, Staphylococcus aureus culture were obtained from
Lab India Pvt Ltd..

3. Methods :
3.1 Preparation of aqueous extract of Micania micrantha leaves

The leaves were collected and washed thoroughly. Thereafter they were size reduced into small pieces (not >3
cm) and 100 gm of such leaves were added to 500 ml of purified water taken in a 500 ml conical flask. The
flask along with its contents was heated at 60°C with regular stirring to facilitate the extraction and kept
overnight. The extract was then collected by filtering the mixture with the help of a muslin cloth and stored in
the refrigerator at 4°C.

3.2 Evaluation of antibacterial effect on nutrient agar inoculated with S. aureus culture

4 gm of nutrient agar was dissolved in 50 ml of purified water by heating at 80°C on a hot plate. The prepared
medium was then divided into two parts. In one, 10 ml of the prepared extract and 0.1 ml of S. aureus culture
were added. In the second one (the Control), only 0.1 ml culture was added with the prepared medium. Then
both the media were poured into separate petridishes, allowed to solidify and then incubated at 37 °C in an
incubator. Both the petridishes were observed after 24 hours for evaluation of bacterial growth.

3.3 Preparation of ointment and gel formulations with aqueous extracts

Two types of topical formulations (ointment and gel) were prepared with the concentrated extract of M.micrantha
(Fig. 1).

FORMULATION

Fig. 1- Preparation of gel and ointment formulations with extract
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3.3.1 Preparation of carbopol gel formulations

A solution was prepared with 90 ml of purified water and 10 ml of the concentrated extract. 1g of carbopol 934
was weighed and added to the solution in small amounts and stirred for 1 hour to obtain the gel.

3.3.2 Preparation of ointment formulations

The ointment base was prepared with 0.5 g each of wool fat, cetostearyl alcohol and hard paraffin and 8.5 g
of white soft paraffin, according to published literature [5]. Hard paraffin was melted and other ingredients were
added to it. Next 10 ml of the concentrated extract of M. micrantha were added and stirred continuously until
mixed uniformly. The mixture was allowed to cool and solidify.

3.4 Evaluation of wound healing properties of formulations in healthy human volunteers

Five volunteers gave consent for the study. The study was done according to the protocol adopted for blood
clotting study. The fingers were pricked with a sanitized needle on one hand and the time to form blood clots
was observed. Similarly in the other hand two of the fingers were pricked and ointment and gel formulations
were applied. The blood clotting times were observed in each case.

Further both the formulations were applied on a fresh knee wound of one of the volunteers and the wound
healing and analgesic properties were evaluated (Fig. 2). The responses from the volunteers were recorded on
scale of 1-5 which can be described as below.

Scale Feedback from volunteers
1 Excellent
2 Very good
3 Good
4 Satisfactory
5 Not satisfactory

Fig. 2- Evaluation of formulations for skin testing, wound healing and blood clotting

4. Result and discussion

4.1. Antibacterial activity :

The petridish which contained the extract showed no growth of the culture (S.aureus suspension) that was added
to it whereas the Control petridish showed moderate growth after 24 hours. This showed that the extract
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inhibited the growth of S.aureus bacteria in agar medium. This may be the reason for better wound healing
properties.

4.2. Evaluation of wound healing properties of formulations in healthy human volunteers

The following results were obtained when the formulations containing the extracts were evaluated in volunteers.

Table 1: Responses obtained from volunteers after gel application

Volunteer Effect on Blood clotting | Wound healing Analgesic
number healthy skin property (on a property (on a property (on a
scale of 1-5) scale of 1-5) scale of 1-5)

Vi Cool sensation with no irritation 3 3 4

V2 Slightly cool with no irritation 4 3 5

V3 Cool sensation with no irritation 3 4 5

V4 Cool sensation with no irritation 4 4 4

V5 Cool and pleasant sensation with 5 4 5

no irritation
Table 2: Responses obtained from volunteers after ointment application
Volunteer | Blood clotting Wound healing Analgesic Comparison between gel
number property (on a property (on a property (on a and ointment
scale of 1-5) scale of 1-5) scale of 1-5)

Vi 5 4 3 Gel was better with respect to
sensation on skin and analgesic
property

V2 4 4 4 Ointment was better with respect to
wound healing

V3 3 5 3 Ointment was better with respect to
wound healing

V4 4 3 3 Gel was better with respect to
sensation on skin and analgesic
property

V5 5 5 3 Ointment was better with respect to
wound healing

From the results it could be observed that the gel and ointment formulations were both effective in blood clotting
and wound healing properties when compared to control. However, there were some differences in the responses
for gel and ointment formulations. The gel formulation had a better sensation on skin while the wound healing
properties was better for the ointment formulation.

5. Conclusion:

Mikania micrantha has potential benefits. The blood clotting, analgesic, antibacterial and wound healing properties
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were evaluated through this study which gave promising results. Formulations containing the extract of the plant
can be utilized and marketed effectively for topical use especially for wound healing.
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Abstract :

Grafted natural polysaccharides have been widely used for design and development of sustained
release drug delivery systems. Grafting is an effective tool to tailor make the polymer according to
the need of the delivery system. Grafted polymers are synthesized by various methods and
characterized by different instrumental analyses. The process of grafting has a profound effect on
the characteristics of the grafted product. Apart from that, the choice of monomers, initiators etc
also plays an important role towards getting the product of highest grafting efficiency. The swelling,
erosion, drug release behavior of the grafted polymer is also dependent on the characteristics of the
grafted polymer. In this review article, we present the various methods, types of monomer and
initiators used for grafted and its effect on the grafting efficiency. We also present the various
grafted polymers that have been utilized for development of sustained release drug delivery systems.

Keywords : Polysaccharides, grafting, swelling, erosion.

1. Introduction

Controlled drug delivery occurs when a polymer, whether synthetic or natural, is carefully coupled with a
medication or some other active agents in a way such that the active ingredient is released from that material
in a predetermined manner. The active agent’s release may be constant over a prolonged period of time, cyclic
for a long duration, or triggered by the environmental or other external factors. In any instance, the goal of
controlling the delivery of the medication is to provide more effective treatments while reducing the possibility
of both underdosing and overdosing [1-2].

Natural polymers are preferred over synthetic polymers for sustained drug delivery because they are more easily
accessible, can be chemically modified, economical, renewable, stable, nontoxic, biocompatible, hydrophilic,
and biodegradable, as opposed to the synthetic polymers that are expensive and have shown severe toxicity and
environmental problems. Polysaccharides are the most abundant natural biopolymers that are gaining popularity
as efficient materials in a variety of biomedical sectors, owing to their inherent properties. Polysaccharides have
many functional groups, varying physicochemical characteristics, and vital biological functions, making them
excellent materials in a variety of pharmaceutical applications such as drug delivery and tissue engineering [3-
9].

Natural polysaccharides are extracted from a variety of natural resources like plants, animals, seaweeds and
fungus. The various plant polysaccharides include guar gum, tamarind gum, locust bean gum, potato starch,
while chitin and chitosan, hyaluronic acid, heparin along with heparan sulfate, chondroitin sulfate, dermatan
sulfate, and keratin sulfate belong to animal polysaccharides. The microbial polysaccharides may be acidic like
gellan gum or neutral like dextran whereas marine algae are rich in polysaccharides like agar-agar and alginates
[10]. However, these natural polysaccharides suffer from several drawbacks such as unpleasant odor, pH-
responsive solubility, dull color, and decrease in viscosity after long period of storage, fast degradability at
higher temperature, chances of microbial contaminations and uncontrolled rate of hydration [11-12]. To overcome
such drawbacks, various types of functionalization of natural polysaccharides are being performed through
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chemical modifications like carbamoylethylation, carboxymethylation, thiolation, cyanoethylation, graft
modification, etc.

Grafting has been found to be the most efficient method for changing the properties and structure of natural
polysaccharides and microwave radiation is the most effective way of producing sites of free radical on the
polymer backbone in the production of graft copolymer. There are two forms of microwave-based grafting
method. In the presence of a free radical initiator, the microwave-assisted grafting technique is the most often
utilised approach. The microwave-initiated technique is a lesser-known approach in which the free radical
initiator is absent despite the presence of the microwave radiation. The microwave-assisted approach has the
most potential for the synthesis of graft copolymers since free radicals are created utilising free radical initiators
as well as microwave photons, resulting in a considerably greater percentage of efficiency of grafting than the
standard method [13].

As for example, Mishra et al. [14] reported that grafting polymethyl methacrylate (PMMA) with xyloglucan
(XG) produced a new grafted copolymer with improved thermal stability and shelf life and controlled rate of
hydration. Thus, the drawbacks of the pure polysaccharide were removed through grafting. Mishra et al. [15]
also performed the grafting of polyacrylonitrile (PAN) onto XG. The thermal analysis data in the case of XG-
g-PAN suggested a crystalline behavior in contrast to the amorphous nature of pure polysaccharide thus indicating
a decrease in the solubility of the graft copolymer. An improvement in thermal properties was also exhibited
by the graft copolymer. In the current review, we will first discuss the grafting of polysaccharides through
microwave assisted technique along with their applications in controlled released drug delivery systems.

2. Principles of MW assisted synthesis

The principle of microwave (MW) assisted synthesis is based on the interaction of molecules in a reaction
mixture (polymer, initiator, and solvents) under microwave radiation. In the microwave-assisted process, the
initiators are added externally and generate free radicals in the reaction mixture. This free radical generally
initiates grafting by the free radical polymerization process in the constant microwave dielectric heating [16].

3. MW assisted grafting of polysaccharides

The microwave-assisted grafting technique is one of the significant grafting methods that can be used for the
improvement of the polysaccharide properties. An initiator is introduced to the reaction externally to enhance
the reaction rate. These external initiators produce free radicals and free radical sites on the preformed polymer
backbone that initiate grafting in the presence of microwave radiation [17]. Also, grafting in the aqueous mixture
improves the capability to transform microwave energy to heating energy and the heating energy reaches into
the core of the reaction mixture rapidly [18]. This results in the rapid interaction of the molecules in the mixture
and facilitates consistent heating with high heating energy. Thus, MW-assisted grafting takes a shorter synthesis
time [19].

3.1. Synthesis and mechanism of polysaccharides grafting

MWe-assisted grafting of polysaccharides is carried out under microwave radiation in the presence of free-radical
initiators and/or catalysts, as well as often crosslinkers. These initiators are introduced into the reaction to
accelerate the reaction rate and generate primary free radicals. Under the microwaves, the initiators react with
the molecules of the mixture. The initiator produces primary free radical ions in the reaction mixture. These
primary free radicals create radical ion sites on the polysaccharide and act as macroinitiators for the monomer.
Subsequently, the monomer molecules are linked to the radical ion sites of polysaccharides by their radical ion
sites, which are created by free radical ions. Through the propagation and termination steps, resulting in a graft
copolymer. Thus, free radicals are initiated and carried out grafting by free-radical polymerization in the presence
of microwave radiation. In the MW-assisted method of reaction, copolymerization is preferred over
homopolymerization, and the yield amount of grafting material becomes higher. Polysaccharide grafting processes
under the influence of microwaves become more prolific and selective when done in the presence of initiators.
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These reactions of grafting have been extensively explored for the production of modified polysaccharides for
a variety of applications [20].

3.2. Factors affecting grafting of polysaccharides

Various factors, including the concentration of polysaccharide, monomer, initiator, as well as exposure time
(MW), influence on grafting of polysaccharides in microwave-assisted methods to achieve the optimum grafting
efficiency.

3.2.1. Effect of polysaccharide concentration

The concentration of the polysaccharide is important as grafting includes the linking up of a monomer to a pre-
formed polysaccharide backbone. Grafting increases with increased polysaccharide concentration up to the
optimum value while other factors remain constant. The reason is that more macroradicals are available in
concentration for grafting. Beyond the optimum value, grafting (%grafting efficiency or %E) declines, perhaps
owing to an increased viscosity which hinders the process in the reaction medium. % Grafting (% Q) is
decreased continuously as the polysaccharide increases as well as the viscosity of the polysaccharide also
increases. This hinders the motion of initiator molecules, thus reducing the possibility of grafting. Additionally,
a high polysaccharide concentration can generate more polymeric macroradicals, which are combined to terminate
the reaction. As a result, grafting parameters are declining. Table 1 represents the research work on the effect
of polysaccharide concentration on grafting.

Table 1: Effect of Polysaccharide Concentration on the Grafting of polysaccharides

SL. | Grafted Copolymer (Polysaccharidel Monomer |Polysaccharide Grafting References
No. concentration
1. Poly aniline (PANI)- | Gum acacia Aniline Increased %E increased 21
g-gum acacia (GA) (GA) (ANI) then decreased
& %G decreased
2. N, N’-dimethyl Sodium N, N’-dimethyl| Increased %E & %G 22
acrylamide (DMAAmM) alginate acrylamide decreased
-g-Sodium alginate (DMAAmM)
3. Xanthan gum -g- Xanthan gum | acrylic acid Increased %E increased & 23
acrylic acid %G decreased
4. Poly(acrylamide)—g- [carboxymethyl| acrylamide Increased %E & %G 24
carboxymethyl xanthan gum increased then
xanthan gum decreased

3.2.2. Effect of monomer concentration

The concentration of the monomer also impacts grafting as the optimum monomer concentration is required to
react with the polysaccharide backbone. Under constant concentrations of polysaccharides, initiator, and exposure
time, grafting is increased with the increase of monomer concentration. The rise in grafting might be attributed
to the creation of more monomer radical ions. This would also result in more grafting sites and more monomers
available for grafting. Grafting decreases as the monomer concentration increases after the optimum value. This
is likely owing to the greater homopolymer of monomer synthesis. Table 2 represents the research work on the
effect of monomer concentration on grafting.
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Table 2: Effect of Monomer Concentration on the grafting of polysaccharides

SL. Grafted Copolymer [Polysaccharide] Monomer [Polysaccharide Grafting References
No. concentration
1. Poly aniline (PANI)- | Gum acacia Aniline Increased %E increased 21
g-gum acacia (GA) (GA) (ANI) then decreased &
%G increased
2. N, N’-dimethyl Sodium N, N’-dimethyl| Increased %E & %G 22
acrylamide (DMAAmM) alginate acrylamide increased then
-g- sodium alginate (NaAlg) (DMAAmM) decreased
(NaAlg-graft-
PDMAAmM)
3. Acrylic acid -g- Artemisia Acrylic acid Increased %E & %G 25
Artemisia seed gum seed gum increased then
decreased
4, Polyacrylamide —g- Guar Gum Acrylamide Increased %G increased 26
Guar Gum then decreased
5. Potato Starch -g- Potato Starch | Acrylamide Increased %E decreased 27
poly(acrylamide) & %G increased
6. Xyloglucan-g- Xyloglucan | Acrylonitrile Increased %E & %G 28
acrylonitrile (AN) (AN) increased then
decreased
7. | Methyl methacrylate-. | Acetylated Methyl Increased %E & %G 29
g-acetylated Saccharum | methacrylate increased then
Saccharum spontaneum decreased
spontaneum L L. fiber
8. Polyacrylamide- g- |Carboxymethyl| Acrylamide Increased %E increased 30
carboxymethyl guar guar gum then decreased
gum(CMG-g-PAM)

3.2.3. Effect of initiator

Apart from the radiation technique, all chemical grafting reactions require an initiator, and its concentration
needs to be considered. Grafting is increased with an increase of initiator while concentrations of polysaccharide
and monomer are constant. It’s possible that at this concentration range, the more radical moieties activate the
backbone of polysaccharides and simultaneously produce the monomer radical, followed by monomers being
grafted onto the polysaccharide backbone. In some cases, %E decreases, which is explained by noting that an
increase in the amount of initiator can cause an increase in the monomer homopolymerization. Table 3 represents
the research work on the effect of initiator concentration on grafting.
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Table 3: Effect of Initiator Concentration on the grafting of polysaccharides

SL. | Grafted Copolymer |Polysaccharide| Initiator Initiator Grafting References
No. concentration
1. | Poly aniline (PANI)-g| Gum acacia | Ammonium Increased %E & %G 21
- gum acacia (GA) (GA) peroxydisulfate increased
(APS)
2. N, N’-dimethyl Sodium Azobisisobuty- | Increased %E & %G 22
acrylamide (DMAAm) alginate ronitrile increased then
-g- sodium alginate (NaAlg) (AIBN) decreased
(NaAlg-graft-
PDMAAmM)
3. Acrylic acid -g- Artemisia Ammonium Increased %E decreased 25
Artemisia seed gum seed gum |peroxydisulfate & %G increased
(APS)
4. Polyacrylamide —g- Guar Gum Potassium Increased %G increased 26
Guar Gum persulfate then decreased
(KPS)
5. Potato Starch-g- Potato Starch | Potassium Increased %E & %G 27
poly(acrylamide) persulfate increased then
(KPS) decreased
6. Xyloglucan-g-PAN Xyloglucan CAN (ceric Increased %E & %G 28
ammonium increased then
nitrate/HNO3 decreased
redox system)
7. |Methyl methacrylate-g.| Acetylated Ferrous Increased %E & %G 29
-acetylated Saccharum| Saccharum ammonium increased then
spontaneum L. spontaneum sulfate— decreased
L. fiber potassium
persulfate
(FAS-KPS)

8. Polyacrylamide- g- |Carboxymethyl| Potassium Increased %E increased 30
carboxymethyl guar guar gum persulfate then decreased
gum(CMG-g-PAM) (KPS)

9. Polyacrylamide- g- Gum ghatti | Cericammoni- | Increased %E & %G 31

gum ghatti um nitrate increased then
(CAN) decreased

3.2.4. Effect of exposure time (MW)

It is clear that to achieve optimal grafting, a significant exposure time is required depending on the polysaccharide.
The grafting of polysaccharides improves as the time of exposure increases. This might be due to more microwave
energy at longer exposure times. Although on extended exposure, grafting drops are most likely due to graft
copolymer breakdown. Table 4 represents the research work on the effect of microwave exposure time on
grafting.
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Table 4: Effect of Microwave Exposure Time on the Grafting of Polysaccharides

SL. | Grafted Copolymer (Polysaccharide] Monomer |MW exposure Grafting References
No. time
1. Poly aniline (PANI) | Gum acacia | Aniline (ANI) | Increased %E & %G 21
-g- gum acacia (GA) (GA) increased then
decreased
2. Acrylic acid -g- Artemisia Acrylic acid Increased %E & %G 25
Artemisia seed gum seed gum increased then
decreased
3. Polyacrylamide —g Guar Gum Acrylamide Increased %G increased 26
-Guar Gum then decreased
4, Potato Starch-g- Potato Starch | Acrylamide Increased %E & %G 27
poly(acrylamide) increased then
decreased
5. Xyloglucan-g- Xyloglucan | Acrylonitrile Increased %E & %G 28
acrylonitrile (AN) (AN) increased
6. |Methyl methacrylate-g| Acetylated Methyl Increased %E &%G 29
-acetylated Saccharum | Saccharum | methacrylate increased then
spontaneum L. spontaneum decreased
L. fiber
7. Xanthan-g-poly xanthan Acrylamide Increased %G increased 32
(acrylamide)

This observation suggests that the grafting efficiency under microwave irradiation can be controlled to target
material with specific properties by controlling the exposure time.

3.3. Removal of homopolymer and purification of grafted copolymer

Grafting reactions and graft copolymerization reactions mostly produce a combination of homopolymer A
(homopolymer of the polysaccharide, poly A), homopolymer B (homopolymer of the monomer used), and graft
copolymer A-B (grafted product, poly A-B). The methods used for efficient removal of the graft copolymer from
the homopolymers are (i) selective precipitation and (ii) extraction [33].

(i) Selective Precipitation

By the addition of a precipitant for poly-A, selective precipitation is normally performed with the purpose of
precipitating just one homopolymer, from a solution containing crude reaction product. Because the grafted
poly-A-B copolymer may be retained in solution as a dispersed micelle, this separation approach appears to yield
successful results. The grafted copolymer can also be coprecipitated with poly-A while leaving poly-B alone in
solution. The solubility of the grafted copolymer (poly-A-B) should be sufficiently different from the solubility
of poly-B for this purpose.

Ahuja et al. [34] prepared tamarind seed polysaccharide-g-poly(N-vinyl-2-pyrrolidone). The grafted product was
precipitated by pouring it into methanol (the homopolymers of monomers formed were soluble in methanol),
separated by filtration and finally dried to a constant weight.

Azmeera et al. [35] developed a biodegradable graft copolymer using dextran (Dx) and 2-acrylamido-2-methyl-
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1-propane sulphonic acid (AMPS) by grafting the poly-AMPS chains onto the backbone of dextran. The graft
copolymers thus produced were then precipitated with acetone and finally washed almost 10 times by acetone
to remove the unreacted AMPS. The resulting graft copolymer was then dried to yield a constant weight at 50°C
under vacuum.

(ii) Extraction

The homopolymer trapped in the grafting product can normally be separated by extracting with a suitable
solvent during the process of grafting onto films or fibers. This approach is quite straightforward and simple,
making it the most frequently utilized, but tedious. It should be noted, however, that if the substrate polymer
is left unreacted, then it must be removed first, and finally a significant quantity of homopolymer is extracted.
The standard extraction procedure, is insufficient to yield pure grafted copolymer devoid of homopolymers
unless both the homopolymers are exposed to a repetitive and alternative extraction.

The extraction of homopolymer is often carried out by solvent extraction using a mixture of solvents, as was
done by Sen and Pal when they developed polyacrylamide grafted carboxymethyl tamarind (CMT-g-PAM) [36].
This procedure has been depicted in Scheme 1.
POLYSACCHARIDE + ACRYLAMIDE
Catalyst

GRAFT COPOLYMER + POLYACRYLAMIDE + UNREACTED ACRYLAMIDE

Washed with Acetone Precipitation
Solution
GRAFT COPOLYME +
POLYACRYLAMIDE

Extracted with

1:1 Formamide

+ Acetic acid

(By volume)

v
POLYACRYLAMIDE GRAFT COPOLYM¥R

(Solution) (Residue)

Scheme 1. Purification of graft copolymer

Similarly, Nandi et al. [37] developed polyacrylamide-grafted-tamarind seed gum (PAAm-g-TSG). Acetone was
then added to the obtained reaction mixture in a ratio of 2:1 to precipitate the grafted TSG. This was followed
by collection of the precipitate by straining and washing with a mixture of methanol-water (4:1) and subsequently
with water in order to remove the polyacrylamide and ungrafted acrylamide that were formed. The product was
finally dried to a constant weight in a hot air oven at 40°C.
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Brockway (1964), on the other hand, made a study on the factors influencing the efficiency of the extraction
of homopolymers of methyl methacrylate from the graft copolymers of methyl methacrylate with corn starch
(granular) [38]. The efficiency of removing the ungrafted homopolymer in a series of solvents changed in a
manner generally paralleling the relative efficiency of solvation of various solvents for the homopolymer.
Chloroform and dichloroethane were roughly equally effective in the system of starch/poly methyl methacrylate
(PMMA), both being superior to benzene, which in turn is superior to toluene, acetone or methyl ethyl ketone.
Soxhlet extraction, while typical for grafted copolymers, was not as successful for the granular starch/PMMA
combination as tumbling the hot solvent/polymer mixture in a closed container. It happened most likely owing
to insufficient solvent percolation through the swelled up syrupy bulk of graft copolymer in the Soxhlet thimble.

3.4. Characterization of grafted copolymer
3.4.1. Elemental Analysis

The elemental analysis of the pure polysaccharide as well as its grafted copolymer is carried out with the aim
of conducting an approximated analysis of three different components: carbon, nitrogen and hydrogen. As
mentioned earlier, Azmeera et al. had performed the synthesis and characterization of graft copolymer of dextran
(Dx) and 2-acrylamido-2-methylpropane sulphonic acid (AMPS). By elemental analysis it was found that nitrogen
was not present in substantial amounts in dextran (Dx) but there was a significant amount of nitrogen in graft
copolymers, indicating that grafting of poly 2-acylamido-2- methyl-1-propane sulphonic acid (PAMPS) chains
on the backbone of the polysaccharide was successful.

3.4.2. Intrinsic Viscosity Measurement

The intrinsic viscosity of a polymer is an estimate of the hydrodynamic volume of the polymer in solution,
which is, in fact, a function of the polymeric molecular weight, structure, solvent type, and medium temperature.
Keeping all the other parameters unchanged, a linear polymer will have a greater hydrodynamic volume and
hence a higher intrinsic viscosity than its branched counterpart, for two polymers of nearly identical molecular
weight. Furthermore, the longer the branches are along a set of branched polymers, the higher the intrinsic
viscosity, and vice versa. Krishnamoorthi et al. (2007) [39] synthesized graft copolymers of dextran (Dx) with
polyacrylamide (PAM) by grafting the polyacrylamide chains onto the backbone of dextran. The intrinsic
viscosity of all Dx and the graft copolymers were evaluated and it was observed that grafted copolymer
exhibited higher inherent viscosity than the pure polysaccharide indicating that it contained longer PAM chains.

3.4.3. FTIR Spectroscopy

Another method of characterization of the grafted copolymers is by performing the FTIR spectroscopy. Mishra
et al. (2010) [40], synthesized polyacrylamide grafted starch (St-g-PAM) by the microwave-assisted technique.
He recorded the FTIR spectrums of starch and of St-g-PAM between the range 400 to 4000 cm ! and found that
grafting took place between the hydroxyl group of starch and the amide group of PAM.

3.4.4 Scanning Electron Microscopy (SEM)

The modification of carboxymethyl tamarind kernel polysaccharide (CMTKP) through grafting was achieved by
using acrylonitrile (AN) as the grafting monomer (Ahuja et al., 2014) [41]. The SEM images obtained, confirmed
that CMTKP particles were polyhedral shaped and exhibited smooth surface whereas CMTKP-g-poly AN (PAN)
exhibited particles that were also polyhedral in shape but with needle-shaped structures which when observed
at higher resolution showed CMTKP intertwined with the particles of PAN.

3.4.5 Thermal Analysis

The thermal analysis of the polysaccharide along with its grafted copolymer can provide valuable information
about the modified characteristics of the grafted product. Graft copolymer of guar gum with N-vinyl-2-pyrrolidone
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was synthesized and characterized by thermal analysis by Srivastava and Behari (2006) [42]. The results
concluded that the grafted copolymer was more stable thermally than pure gum.

Guar gum breakdown began at around 200°C. At 100°C, there was a weight loss of roughly 5.94 percent. The
rate at which the weight was lost increased as the temperature rose and then gradually declining. As a result, this
was a one-step degradation procedure. At 378.2°C, around 70% of pure guar gum deteriorated. Guar gum-g-N-
vinyl-2-pyrrolidone on the other hand, began to disintegrate at 200°C. Desorption of water caused a loss in weight
by 2.22 percent at 100°C. The grafted copolymer was thermally degraded in two stages, from 180°C to 614.0°C
and then from 767.6°C to 956.0°C. Thus, the graft copolymer obtained was thermally more stable than the pure gum.

3.4.6 X-Ray diffractometry

Another method of characterization is by the X-ray diffractometry. As mentioned earlier, Ahuja et al. [34] had
synthesized the grafted copolymer of N-vinyl-2-pyrrolidone and tamarind seed polysaccharide (TSP). The
crystallinity of the prepared TSP and TSP-g-poly(N-vinyl-2-pyrrolidone) was investigated using X-ray
diffractometry (XRD). TSP exhibited an XRD pattern which was typical of the amorphous material and had no
sharp peaks whereas the XRD pattern of TSP-g-poly(N-vinyl-2-pyrrolidone) exhibited some degree of crystallinity
thus indicating that grafting had taken place.

4. Sustained drug delivery application

Vijan et al., used ceric ammonium nitrate (CAN) as an initiator to formulate acrylamide grafted gellan gum using
microwave assisted polymerization [50]. Three distinct process variables like the amount of CAN, the microwave
irradiation time and, the amount of acrylamide was used to optimise the synthetic parameters and produce a
series of graft copolymers. A higher level of all three factors resulted in greater grafting efficiency (GE percent)
of grafted gum. FTIR and 1*C NMR were used to confirm the grafting of acrylamide onto gellan gum. DSC was
used to successfully evaluate the spontaneity of the grafting process as well as the thermodynamic stability of
the grafted gum. The modified gum had a lobule shape and was more heterogenic compared to the native gum,
as demonstrated by SEM. The monomer (acrylamide) is hazardous in nature, yet a toxicity investigation in mice
demonstrated no morbidity or death during the LD50 trial of AAm-g-GG at a dose of 2000 mg/kg body weight.
This grafted gum was used as a rate-controlling polymer in the development of an anti-diabetic drug metformin
hydrochloride sustained release tablet. It delayed the release by up to 8 hours, and the release pattern followed
the Higuchi square root kinetic model. Fickian diffusion governed the release mechanism. FTIR and XRD tests
of the drug and the grafted copolymer revealed no signs of incompatibility. As a result, microwave assisted cerric
(IV) mediated graft co-polymerization is a simple, less time consuming, efficient, and reproducible (due to
limited production of energy from microwave) technique for the production of graft co-polymer that can be used
in the development of sustained release dosage form as a rate controlling polymer.

Kaity et al. investigated the feasibility of using locust bean gum-g-poly (acrylamide) copolymer having buflomedil
hydrochloride drug as matrix tablet [S51]. This copolymer was produced using a microwave-assisted free radical
polymerization process with CAN as the initiator. Since native locust bean gum is non-ionic, it does not exhibit
pH-dependent swelling characteristics. However, the grafted co-polymer swelled more at pH 1.2 (221.27%) and
at pH 6.8 (281.47%) than the native gum. Because of the introduction of free hydrophilic groups, graft
copolymerization of vinyl monomer promoted swelling of the native polysaccharide. The addition of hydrophilic
groups was expected to assist the creation of strong hydrogen bonds between the poly (acrylamide) side chains,
hence favouring the production of a three-dimensional system with high water retention capacity. After 24 hours,
the grafted gum discharged 98.3 % of the drug in simulated gastrointestinal fluids. The biodegradability and non-
toxicity (LD50 > 2000 mg/kg) findings were considered to be promising for future clinical application development.
The XG-g-poly (acrylamide) tablets outperformed locust bean gum and gellan gum graft copolymer tablets in
controlled drug release applications. The potential of graft copolymers based on XG as drug delivery materials
was also studied. In the synthesis of graft copolymers, microwave irradiation aids in rapid energy transfer in the
bulk of reaction medium, and thus the reaction continues within a very short span of time, even in lack of
initiator (Singh, Sethi, Tewari, Srivastava, &Sanghi, 2003).
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Anjum and coworkers investigated the potential of microwave-irradiated XG-g-poly (acrylamide)
having triamcinolone for colon targeting [52]. Only 3 minutes of 700W microwave irradiation resulted in 61 %
grafting of poly (acrylamide) onto XG. Grafting lowered XG swelling in water by 61.29 %. To produce
copolymer particles, a triamcinolone-containing copolymer dispersion was mixed with chitosan and calcium
chloride (pH4.8). The formation of hydrogel particles was induced by polyelectrolyte complexation between
chitosan and anionic graft copolymer, as well as ionotropic gelation among anionic graft copolymer and Ca**
ions. Graft copolymer demonstrated relatively minimal haemolytic activity on human and bovine erythrocytes.
The graft copolymer particles delivered a negligible quantity of drug (10%) in acidic media in pH 1.2 within 2
h, but about 98 % in phosphate buffer (pH7.4) after 8 h. In acidic media, graft copolymerization of acrylamide
onto XG matrix reduced drug release by 3.5 times. It was expected that drug binding with graft copolymers
inhibited swelling and delayed the drug release in acidic media. A greater degree of grafting slowed drug
diffusion significantly. This could be due to the effective polymer chain intermingling and less swelling of the
polymer matrix.

Kumar and coworkers synthesised XG-g-poly (acrylamide) using microwave irradiation polymerization
having ammonium persulphate as the initiator [53]. In contrast, they produced ceric-induced graft copolymer
without using MW irradiation technique. The combination of microwave irradiation (100W for 100 sec) and
initiator resulted in a considerable increase in grafting yield and efficiency. Microwave-assisted graft
copolymerization of acrylamide resulted in a noticeable modification in the shape of the XG particles. Graft
copolymer particles were larger in size than non-grafted XG particles. After 16h, non-grafted XG matrix tablets
released just 49 % drug in phosphate buffer (pH 6.8). The same, however, was boosted by the graft copolymer
tablets. The results revealed that the rate of release was proportional to the percentage of grafting. For the sake
of brevity, the tablets composed of copolymer with 190 % grafting released their complete content within 12
hours, but the same with 120 % grafting released just 76 % drug within 16 hours. In comparison, matrix tablets
produced with ceric-induced XG-g-poly (acrylamide) copolymer with 62.87 % grafting released only 60% of
the drug after 16 h. In a nutshell, the degree of poly (acrylamide) grafting determined the rate of drug release
from matrix tablets. A low amount of grafting was found to be advantageous for controlled drug delivery
applications. Non-grafted XG matrix tablets swelled significantly despite significant matrix erosion, as reported
with graft copolymer tablets. The swelling of copolymer tablets was inversely related to the percent grafting,
whereas erosion was directly related to the percent grafting. The drug was released via diffusion, swelling, and
matrix erosion. Scheme 4 depicts the drug release mechanism from graft copolymer matrices based on XG.
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Figure 1.:- In- vitro drug release from grafted co-polymer.
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Rani and Singh demonstrated the microwave-assisted synthesis of locust bean gum-g-poly(N-vinyl-2-pyrrolidone)
with cerric ammonium nitrate as an initiator [54]. Grafting efficiency was 66.3 % using this graft copolymerization
technique. The copolymer was efficiently compressed into tablets and investigated for budesonide delivery to
the colon. The tablets swelled considerably less (226%) in pH1.2 media than in 7.4 media (275 %). In simulated
gastric fluid (pH1.2), native seed gum tablets released more drug (28.51 %) than graft polymer (6.11 %) in 2
h. In the following 3 hours, the drug release rate from unmodified gum tablets (86.71 %) increased than that
of graft copolymer tablets (49.11 %) in intestinal fluid (pH7.4). The tablets of unmodified gum and graft
copolymer released up to 97.10 % and 82.84 % of their contents in colonic fluid (pH6.8), respectively.

5. Conclusion

Grafting of natural polymers have been immensely used to develop sustained release drug delivery systems.
Among the various methods of grafting, microwave assisted grafting seems to be the most used. It is an eco-
friendly method which yields product of high grafting efficiency. Proper selection of parameters like initiator,
monomers, exposure time has a profound effect on the characteristics of the grafted product, which in turn
influences the swelling, erosion and drug release behaviour from the grafted polymer. Optimization of all these
variables will yield product of desired quality and characteristics.
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Abstract :

Essential oils are concentrated hydrophobic liquid, composed of mixture of volatile compounds
which are produced by the secondary metabolism of aromatic or other variety of plants. They
include saturated, unsaturated hydrocarbons, terpenes and their oxygenated derivatives, such as
alcohols, aldehydes, esters, ethers, ketones, and oxides phenols. In various field essential oil have
attract extensive attention but only 300 out of 3000 essential oils obtained from plant origin have
found commercial importance. In this review, we discuss the problems associated with essential oils
like high volatility, low water stability, permeability, heat, light, or oxygen sensitivity, bioavailability,
poor water solubility, decomposition, and skin irritation, and the strategies to solve these problems
are suggested for design of formulation of different nanocarrier systems such as polymer-based
nanocarriers, lipid-based nanocarriers and molecular complexes. It is believed that
nanoencapsulation of essential oils would improve their therapeutic activity and delivery.

Keywords: Biological activity; cytotoxic; drug delivery; essential oil; nanoencapsulation

Introduction

Use of medicinal plants in healthcare is an ancient as mankind itself and the plant kingdom is the huge source
of medication for the humanity. Recognition of the use of medicinal plants by humans is the consequences of
countless years of hassle against illnesses [1]. In the report of evolving situation made in the scientific field,
keen interests have been given to the therapeutic properties of plants because they exhibit relatively less adverse
effects and are safe, eco-friendly and locally available [2].

Plants were strongly believed to have healing power against all the disease in almost all ancient civilizations.
Because Homo sapiens sapiens is omnivorous, hence take plants or plant parts as principal components of diet
for their nutritional content and medicinal value. In drug development, medicinal plants are considered as rich
resources of ingredients and, thereby, making them the source for upscale supply of different types of medicines
[3]. Some of the drugs obtained from the plant are aspirin, atropine, artemisinin, colchicine, digoxin, ephedrine,
morphine, physostigmine, pilocarpine, quinine, quinidine, reserpine, taxol, tubocurarine, vincristine, vinblastine,
etc. The medicinal value of plants lies in bioactive phytochemical constituents that produce definite physiological
action on the human body. Some of the most important bioactive phytochemical constituents are alkaloids,
essential oils, flavonoids, tannins, terpenoids, saponins, phenolic compounds, etc. [4].

This review covers the therapeutic potential of essential oils and problems associated with delivery of essential
oils. Possible strategic options to adopt for delivery of essential oils are also described.
Essential oil

Essential oils (EO) are concentrated oily liquid containing volatile chemical derived from plant parts such as
seeds (e.g. Nigella sativa, Anethum graveolens), fruits (e.g. citrus fruits), fruits peel (Citrus japonica), flowers
(e.g., Lavandula officinalis, Halimondendron halodendron), roots (e.g., Ballota nigra, Valeriana jatamansi, and
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Zingiber officinale), rhizome (e.g., Zingiber officinale), buds, twigs, leaves (e.g., Artemisia monosperma, Artemisia
douglasiana, Pimenta dioica, and Eucalyptus citriodora) wood or bark (Cordia trichotoma, Cinnamomum
cassia) [4]. In the sixteenth century, Swiss reformer of medicine Paracelsus von Hohenheim coined the term
“essential oil”, derived from the term Quinta Essentia. Essential oils are also termed as volatile or ethereal oils.
They are widely being proven as sources of natural antimicrobial compounds as they are mainly composed of
monoterpenes and phenylpropenes with known microstatic and microbicidal effects [5]. Besides antimicrobial
properties EOs or their components have been shown to exhibit antiviral, antimycotic, antiparasitic, antioxidant,
cytotoxic, anti-inflammatory and insecticidal properties [6]. EOs are fat soluble and the molecules are small in
size so that they are able to pass across the membranes or the skin and reach the systemic circulation before
being entering the microcirculation [5-9].

There are about 3000 different plant species containing EOs that have been reported, out of which only 300 of
them are economically important. EOs are used in the fragrance, food, pharmaceutical, agricultural, and sanitary
industries. They are formed through a schizolysigenous process in cluster gland cells and accumulated in
secretory cavities, cells, epidermic cells, glandular trichomes of plant organs [6]. EOs can be extracted by
several methods which involve utility of microwaves or liquid carbon dioxide, and predominantly low- or high-
pressure distillation engaging heated water or hot steam. Owing to their bactericidal and fungicidal properties,
pharmaceutical and food uses are more widespread as another substitute to synthetic products. In such cases,
extracted by steam distillation or by expression is preferred and for perfume uses, extraction with lipophilic
solvents or supercritical carbon dioxide is chosen. Thus, the essential oil products vary not only in their chemical
profiles or molecules numbers but also in the molecules of stereochemical types extracted, in accord with the
type of extraction. Depending on climate, soil composition, age, plant organ, assemblage time and vegetative
cycle stage, the quality, quantity and composition of the extract vary considerably [5].

Components of Essential Qils

All the essential oils individually have more than a hundred components and their components vary depending
on the oil in question. Yet, the commonly found active compounds in essential oils are categorized into two
chemical groups, namely terpenoids (monoterpenoids and sesquiterpenoids) and phenylpropanoids. Their precursors
of the primary metabolism are different and are synthesized through separate metabolic pathways. Essential oils
are mainly made up of hydrocarbon molecules and are further classified as terpenes, alcohols, phenols, aldehydes,
ketones and esters, etc. They also possess other components such as oxygenated compounds, monoterpene
alcohols, sesquiterpene alcohols, lactones, coumarins, ethers, oxides, etc. Some of compounds found in essential
oils are discussed below:

Terpenoids: Majority of essential oil containing plants possess terpenes and terpenoids as the primary constituents.
Again, terpenoids containing plants, mostly belong to the monoterpenoid and sesquiterpenoid families.

Monoterpene / Monoterpenoid: These compounds are found in nearly all essential oils and their structure
consists of 10 numbers of carbon atoms with at least one double bond. Some examples of monoterpenes and
monoterpenoids are limonene (present in citrus fruits), geraniol, terpineol (present in lilacs), myrcene (present
in hops), pinene (present in pine trees) or linalool (present in lavender).

Sesquiterpenes and Oxygenated Compounds: Sesquiterpenes group contains 15 numbers of carbon atoms with
the molecular, formula C15H24 and have multiplex pharmacological actions, for example chamazulene, which
is found in German chamomile. The most common type of functional group found in essential oils is the
oxygenated group and they contribute their own unique potential health benefits.

Esters: Esters are also very common and are present in a large number of essential oils. They are fruity in nature
and have calming and relaxing effect along with the therapeutic effects, like sedative and antispasmodic. Some
ester compounds also possess anti-fungal and anti-microbial effect. One of the beneficial ester compounds
present in the essential oil is linalyl acetate, which is found in plants like bergamot, Clary sage, lavender as well
as petit grain with geraniol acetate found in sweet marjoram.
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Ketones: Essential oils that contain Ketone compounds are found in plants like Clary, sage, Hyssop, Idaho,
Tansy, Rosemary and Western red cedar. Ketones obtained from such plant show therapeutic action, such as
mucolytic and Neuro-toxic. They can stimulate regeneration of cell, promote the formation of tissue, and can
liquefy mucous. They can be used in conditions such as dry asthma, flu, colds, and dry cough and are largely
found in oils which are used for the upper respiratory system dysfunction [10].

Major biological activities of essential oil

The major biological activities of essential oil are shown in Figure 1.

Antimicrobial

Insecticidal Antiviral

Anthelmentic Biological activities Cytotoxic
of EO

Antioxidant
Antiparasitic Anti-inflammatory

Figure 1: Major biological activities of essential oil

Antispasmodic

Problems in delivery of Essential oils

The use of EOs in their free form reduces their effectiveness because they easily get volatilized and decomposed
when exposed to oxygen, light, humidity, heat or irradiation [11]. Essential oils are unstable and possess poor
water solubility. The components of EOs that belong to the same chemical group are structurally similar which
results easy inter conversion of the component, enzymatically or chemically triggering oxidation, isomerization,
cyclization, or dehydrogenation reactions [12]. These changes can occur during handling of the oil or during
distillation, processing and storage of the plant material. Again, some oil, like bergamot oil can cause
photosensitization reaction and can even induce malignant change.

Sometimes aromatherapy can cause skin irritation, especially if the oils are concentrated. Even applying the
concentrated oil topically, in excess amount to broken or on the large surface of the skin can cause serious side
effects as they undergo systemic absorption. Storing EO for long duration of time may result change in the
organoleptic characteristics along with a change in viscosity and oxidation of terpenoids compounds results
hypersensitivity reaction like allergic contact dermatitis [12].

Strategies suggested

A possible strategy to solve the problems related to stability, solubility, bioavailability of oil would be through
the preparation of their micro or nano formulation, in order to increase protection against instability, decomposition
and to improve therapeutic efficacy. To preserve oil through encapsulation various colloidal systems can be used
such as nanoemulsions, liposomes, microemulsion and microcapsules, etc. The proposed strategies to overcome
the shortcoming of essential oil delivery are given in Figure 2.
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Figure 2: Strategies involved in the delivery of essential oil

Polymer-based nanocarriers
Nanocapsules

Nanocapsules are vesicular systems consisting of nanoscale shell made from a nontoxic polymer and a space/
core which can be aqueous or oily where the desired substance is confined. The active ingredient incorporated
in the core can be solid or liquid. If the active substance is lipophilic then it may get solubilised in the core
cavity or may get adsorbed on the polymer shell depending on its solubility [13]. Nanocapsules are sub-
microscopic colloidal drug carrier systems and its sizes range from 5 to 1000 nm, but usually the accepted range
is in between 100-500 nm [14]. They can be prepared by various methods, namely, nanoprecipitation, emulsion/
solvent diffusion, double emulsification polymer coating, salting out, dialysis, solvent evaporation, interfacial
polymerization, and supercritical fluid technology. They provide good shielding environment to peptides, hormones,
proteins, enzymes, drugs, metabolites, or molecules against biological and chemical degradation; they can also
delay the release of active ingredients and possess site specificity, therefore they have attracted great interest
in drug delivery system [14]. The advantages of nanocapsules include, higher encapsulation efficiency, specific
absorption mechanism across the GIT, sustained release, biocompatibility, biodegradability, membrane efflux
transporter inhibition, targeting potential and oral deliver ability [15]. Considering these advantages, these
systems can actually provide a novel approach for delivering essential oil and overcoming its limitations. There
is a report on nanocapsules as a system for carrier of vitamin E, prepared by the nanoprecipitation method for
laboratory scale and pilot-scale. This method provided nanocapsules with a mean diameter of 165 and 172 nm,
respectively, and with high entrapment efficiency i.e., about 98 % and 97 %, respectively. It has been demonstrated
that Chitosan-alginate nanocapsules were developed for encapsulation of essential oil and found that the formulated
nanocapsules were hemo-compatible and can be used in biomedical and pharmaceutical field.

Nanoparticles

Nanoparticles are sub-nanosized, solid, colloidal drug delivery systems with particle size ranges from 10 nm to
<1000 nm [16,17]. Nanoparticles can be developed into better systems by manipulating the size, surface
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characteristics and material employed, which improve therapeutic efficiency and stealth property. Again, this
system can deliver the drug in a controlled manner and to the targeted site, which decrease the dose and dosing
frequency thereby reduce toxicity and patience incompliance [17]. Nanoparticles can break the damaged or
inflamed tissue and penetration can occur passively or actively. In passive targeting, no ligand is used and
targeting is attained when nanoparticles loaded drug reaches the target through the leaky nature of the vessel.
However, in active targeting, the carrier system is conjugated to a tissue or cell specific receptor using ligand.
For efficient targeted drug delivery, various materials can be used that modify the physiochemical properties
which increase their loading capacity, stability and intracellular delivery [16,18]. Nanoparticles can also protect
the essential oil from oxidation or evaporation, photo or thermal degradation which helps to extend the shelf
life and therapeutic activity of the final product [19]. These features can be considered for overcoming essential
oil delivery. Ferreira et al., used Chitosan nanoparticles for encapsulating the EO of Siparuna guianensis to
prolong its mosquitocidal activity. This study indicates that Chitosan nanoparticles are a suitable system for
preserving the properties of EO of Siparuna guianensis essential oil in an aqueous medium and protects it from
degradation [20]. In another study nanoparticles loaded with eucalyptus or rosemary essential oils were developed
and evaluated their wound healing and antimicrobial property; and proved its efficacy and safety in in vivo rat
model [21].

Molecular complexes

A molecular complex generally attributes to the physical union among a host and a guest molecule. In order to
increase solubility and chemical stability of the active ingredient a simple strategy is to physically complex them
with another molecule. For EOs the complexes are reported with Cyclodextrins [22].

Inclusion complexes with dextrin

Cyclodextrins (CD) are a family of cyclic oligosaccharides, consisting of five or more glucopyranosyl units
joined together by a-1,4-glycosidic bonds. They are also known as cycloamyloses, cyclomaltoses and Schardinger
dextrins [23]. They consist of hydrophobic core and hydrophilic exterior, so hydrophobic drug can easily
encapsulate into the core of Cyclodextrins with non-covalent interaction which results in change of physical and
chemical proportions and thus increase the aqueous solubility and chemical stability of the guest molecule [24].
To prevent evaporation of the volatile compound, allylisothiocyanate present in ‘wasabi’, a Japanese spice, an
inclusion complex is made with cyclodextrin. In nano delivery, Cyclodextrins facilitate cellular uptake and
thereby reduce toxicity. Due to their high stability and nontoxic nature, they have attractive pharmaceutical
applications and & forms of Cyclodextrins are widely used as they improve oral bioavailability. Therefore, their
complexes with essential oils enhance the water solubility of the EOs; and the chemical modifications in both
primary and secondary substituent further improve the solubility and biodegradability with reduced toxicity [25].
The advantages of the CD include protection of the guest molecule against light, oxidation, thermal decomposition,
evaporation or sublimation, GIT irritation, drug-drug interactions and elimination of undesired taste/odor,
hygroscopicity [26]. These features of the CD carrier system can overcome the limitations related to essential
oil delivery. In a study Capelezzo et al., the physical and chemical condition of the 4-Cyclodextrins complexation
reaction of several types of essential oils along with their release characteristic were investigated and found that
encapsulation of EOs using a-cyclodextrin promote their therapeutic uses [27]. Encapsulation of the EO of clove
in hydroxypropyl beta cyclodextrin (CEO HPaCD) inclusion complexes in 1:1 molecular ratio using Kneading
method was performed in an experiment. The study revealed that this system increased the total phenolic content of
free EO as well as total phenolic content of particles and also prolongs the shelf life of the encapsulated EO [28].

Lipid-based nanocarriers

Nano and micro-emulsions

Nanoemulsions (NE) and microemulsions (ME) are transparent, monophasic, optically isotropic colloidal
dispersions consists of two immiscible phases, oil and aqueous phase, along with a surfactant and co-surfactant.
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The difference between NE and ME are that in case of NE the colloidal dispersion is kinetically stable with
droplet sizes less than 100nm while in ME the colloidal dispersion is thermodynamically stable with droplet
sizes in the range 10-100 nm [29]. The similarities and dissimilarities between NE and ME are summarized in
Table 4.

Table 4: Comparison between Nanoemulsions and Microemulsions

Properties/Parameters Nanoemulsions Microemulsions
Physical description Colloidal dispersion Colloidal dispersion
Particle size <100 nm 10 - 100 nm
Polydispersity Low Low
Thermodynamic stability Unstable Stable

Kinetic stability Stable Unstable
Preparation Low/high energy Low energy
Composition: surfactant to oil ratio Moderate Low

Loading capacity High Moderate

Physical appearance Transparent Transparent

NE is found to be more efficient for the delivery of essential so, it is described further.

NE can be prepared using two preparation methods viz., low-energy and high-energy emulsification method. The
high energy emulsification method includes high-pressure homogenization, ultrasonication and membrane
emulsification. The low energy emulsification method includes microfluidization, emulsion inversion point,
phase transition and phase-inversion temperature method. The advantages of NE include increased rate of
absorption of drug, increased drug loading, enhanced bioavailability, controlled/sustained release of drug and
targeted drug delivery. Both lipophilic and lipophobic drugs can be formulated in NE but encapsulating lipophilic
drug are found to be more effective, as in this system the droplet size of the lipophilic molecule gets decreases
thereby enhances their solubility, stability and subsequently the biological activity. This system is nontoxic,
non-irritant because the components used in this system are generally regarded as safe and exclude the requirement
of harmful co-solvents, so, they can be used for both parenteral and non-parenteral route. NE can also protect
the drugs from oxidation and hydrolysis process. It can be formulated in a variety of formulations such as foams,
liquids, sprays and creams. Their long-term stability, ease of preparation (spontaneous emulsification), high
encapsulation efficiency, high bioavailability, protection from enzymatic degradation and high solubilisation of
drug molecules makes them promising as a drug delivery tool for essential oil [30]. The ingredients required
for the formulation of nanoemulsions are given in Table 5 [31,32]. There is a report where nanoemulsions were
formulated containing oil of Cinnamonum zeylanicum with a droplet diameter of 65 nm using Tween 80 and
water by ultrasonic emulsification for 30min which demonstrated bactericidal activity against food-borne pathogen
Bacillus cereus. The study illustrated that emulsification time, oil-surfactant mixing ratio and surfactant
concentration had a significant effect on nanoemulsions droplet diameter and its stability. Another researcher
discussed nanosystems with utility in skin delivery and focuses on the composition and characterization of
microemulsion and nanoemulsion for topical and transdermal delivery [33]. Similarly, another researcher prepared
Plai (Zingiber cassumunar Roxb.) nanoemulsions under oil-in-water emulsion system by high pressure
homogenization and obtained that an optimal surfactant component in the formulation for fabricating nanoemulsion
of Plai with the small droplet size and had an impact on long lasting stability [34].
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Liposomes

Liposomes, in the early 1970, are considered among the finest colloidal drug delivery systems that are developed
for delivering drugs to a specific site in the body [35]. Liposomes are enclosed spherical vesicles, organized in
one or several concentric phospholipidic bilayers with an internal aqueous phase and their diameter ranges from
80 nm to 100 pm. They are suitable templates for drug delivery as they provide promising drug carriers due
to their capability to cutaneous targeting and slow release of the drug [36]. They are also suitable for encapsulating
natural compounds like essential oils, which improve its solubility and chemical stability [37]. They prevent the
encapsulated bioactive compounds from degradation and increase the solubility of lipophilic compounds. The
advantages of liposomal encapsulation include improvement of therapeutic activity and safety, local delivery of
medicament at the site of action, controlled and sustained drug delivery, increased bioavailability as their surface
can be modified to alter their biodistribution and pharmacokinetics [38]. Liposomes can encapsulate with
hydrophilic, hydrophobic and amphiphilic substances. The structural components of liposomes are phospholipids
and cholesterol. Phospholipids can be natural and synthetic and the most commonly used phospholipid is
lecithin; it is amphipathic. Cholesterol increases the stability of the lipid vesicles by modulating the fluidity of
the lipid bilayer [39]. An investigation on the effects of core-wall ratio on the stability and antibacterial activity
during storage of the encapsulated Cinnamaldehyde by liposomes was performed and found that liposome-
encapsulated cinnamaldehyde might still inhibit bacteria by destroying cell membrane integrity after storage and
the persistence was more efficient than that of pure cinnamaldehyde. Therefore, liposomes could improve the
stability and long-term antibacterial activity of Cinnamaldehyde. There is a report where nanovesicles were
developed by loading essential oils of Salvia triloba and Rosmarinus officinalis. Liposomes loaded with 100 pL/
mL of EO, were optimized for their size, polydispersity index, &-potential, recovery, encapsulation efficiency
(EE %), release property and morphology. The prepared liposomes were stable over a one-month period when
stored at 4 °C and possessed significant antioxidant, anti-inflammatory and antibacterial activities. The findings
suggest that these formulations can decrease the volatility of EOs, optimizes their biological properties and
defeat antimicrobial infections. It has been established that phospholipid vesicle from natural soybean would
increase the durability of clove essential oil and eugenol which is its main constituent. The study was performed
and discovered that liposomes manifested spherical shaped and nanometer coligolamellar vesicles thereby
preventing eugenol from deterioration influenced by UV exposure and also conserved the DPPH-scavenging
activity of free eugenol and serve as an apt system for encapsulating the components of unstable volatile
essential oil.

Nanostructured Lipid capsules

In 1990, Nanostructured Lipid capsules (NLC) were first introduced as a carrier system [40]. They are colloidal
drug delivery systems consisting of a fluid lipid phase enclosed in a solid lipid matrix or confined at the surface
of solid matrix and the surfactant layer. In these systems, both hydrophilic and lipophilic drugs can be used [41].
The structural arrangement of the lipids provides higher drug loading capacity. The spatial structure of the lipids
allows greater drug loading and better stability compared to SLN (Solid Lipid Nanoparticles). These carrier
systems can improve stability as well as bioavailability of the active compound and possess excellent
biocompatibility [42,43]. NLC is easier to scale-up, sterilize and validate, they also provide controlled and
targeted delivery of active constituent [44].

Solid lipid Nanocapsules

Solid Lipid Nanoparticles (SLNs) are nano-dispersion and formulated employing lipids that solidified at room
or body temperature. The lipid component may comprise of different varieties of lipid or lipid-like molecules
such as triacylglycerols or waxes [45]. SLN can increase the permeation of the active compounds as well as
enhance the contact time, which hydrates the skin forming an occlusive barrier, so, these systems are mainly
used to load hydrophobic compounds like vitamin A, E and coenzyme Q that increase its stability and reduce
its degradation by light and oxygen. The size of these systems varies from 50 nm - 1 im and the active
compounds get solubilised easily inside or outside the core part [46]. The advantages of these carrier systems
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include protection against chemical and physical degradation, sustained/controlled release, improve stability,
immobilization of the active compound and suitable for delivery of lipophilic substances [47]. Hence, it serves
the purpose of overcoming the problems of EOs delivery.

Conclusions

Essential oils possess important volatile compounds with diverse bioactivities including antimicrobial,
antispasmodic, antioxidant, antiviral, anti-inflammatory, anthelmintic, insecticidal, antiparasitic, cytotoxic activity.
However, the free form of the EO is prone to physical and chemical decomposition along with poor water
solubility, low stability, bioavailability that limits their use in medicines. Therefore, when EOs are delivered in
the form of nano-encapsulation provides promising strategies to overcome the shortcoming of EOs. Thus, this
will enhance various physiochemical and physiological properties of the EOs and thereby lower their dose,
improve safety and therapeutic activity.
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Abstract :

The antibiotics that brought about revolutionary changes in chemotherapy during the second half
of the last century are losing efficacy because of the emergence of antibiotic-resistant strains of
microorganisms. Thus, the medical practitioners are left with fewer antibiotics to treat life-threatening
infections, and the search for new antibiotics appears to be the need of the hour. Besides making
new antibiotics with improved efficacy by chemical synthesis, scientists are also tapping various
natural sources to isolate novel antibiotics. Oceans offer a vast area mostly unexplored so far for
this purpose. This review highlights the recent developments in the isolation and identification of
antibiotics and antibiotic-producing marine microbes.

Keywords : Antibiotics, antibiosis, antibiotic resistance, novel antibiotics, marine-microorganisms.

Introduction

Antibiotics are generally low-molecular-weight chemical compounds with antimicrobial or antibacterial properties
that act against microorganisms (other than the producer organisms) at low concentrations [1]. While salvarsan
and Sulphur drugs were the harbingers of modern antibiotics, the event that ushered us into the antibiotic era
was the serendipitous discovery of ‘penicillin’ by Sir Alexander Fleming, a Scottish physician and microbiologist
in the year 1928 at the St.Mary’s Hospital, London, from a fungus Penicillium notatum (later in 2011 it was
resolved as P. rubens.) [2,3]. Subsequently, penicillin became a wonder drug, and its usage rapidly increased
during World War II for the clinical management of the wounds of the injured soldiers.

After penicillin, a number of antibiotics were discovered and the period from 1950 to1960 was regarded as the
golden age for antibiotics [4]. Researchers started looking for antibiotics from synthetic as well as natural
sources. Between 2000 and 2015, 30 novel antibiotics have been launched among which, 16 are natural or
produced from natural derivatives [5]. Naturally produced antibiotics can be derived most frequently either from
fungi, (like penicillin) or from various soil bacteria (Streptomycin or Tetracycline) isolated from terrestrial
sources [6]. Subsequently, the attention of the researchers was focused on the marine microorganisms as a source
of novel antibiotics.

Need for new antibiotics

The new millennium, along with the rapid expansion of the pharmaceutical industry and drug development, has
also seen a rise in new diseases. Infectious diseases have become the second leading cause of death worldwide
[7]. One of the widespread diseases is microbial infections. The most complex and challenging problem associated
with the treatment of microbial infections stems from the emergence of antibiotic resistance in microorganisms.
Once upon a time, people worldwide had to die helplessly of tuberculosis, pneumonia, whooping cough, typhoid,
and many other bacterial infections. Even after successful surgical operations, patients did not survive because
of sepsis. Antibiotics appeared in the field of chemotherapy during the 1940s as a saviour. Common people and
scientists started believing that antibiotics, were the magic bullets and thus they were invincible. The euphoria
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did not last long. Within a couple of years, scientists observed that the pathogens susceptible to the antibiotics
were begetting antibiotics-defiant progenies. Some strains of bacteria have developed resistance to almost all the
generally available agents [8]. One such bacterium is methicillin-resistant Staphylococcus aureus (MRSA), which
became resistant to most antibiotics used to treat ordinary staph infections. It is also resistant to aminoglycosides,
lincosamides, tetracycline, chloramphenicol, and macrolides apart from methicillin. MRSA infections are common
in hospitalized patients or people who have been to other health care centres [9]. About 2 out of 100 people
carry MRSA. The studies made in 2005 revealed that there were nearly 11,406 S. aureus—related deaths, out of
which 6,639 were MRSA-related [10]. However, ‘pan-resistant’ gram-negative bacterial strains are more rapidly
emerging in recent years after most pharmaceutical corporations stopped the development of new antibacterial
agents. A few of the notable strains of this sort include Pseudomonas aeruginosa and, Acinetobacter baumanii.
These strains are resistant to almost all antimicrobial agents [11].

Antibiotic resistance can be innate or acquired. Mechanism involved in antibiotic resistance include enzymatic
transformation, alteration of the molecular target, sequestration of the drug, active efflux from the cell interior,
and prevention of the drug entry into the cell [12,13,14]. The accumulation of antibiotic resistance genes occurs
through mobile genetic elements like plasmids or transposons or by mutations, which are vertically as well as
horizontally transmitted between species [15,16]. This combinatorial genetic strategy resulted in the establishment
of multi-drug resistance in bacteria. Multidrug resistance at the molecular level is mainly caused by the enzymatic
inactivation of the antibiotics or by alteration of the target site leading to less affinity for the binding of
antibiotics or due to failure of the compound uptake caused due to membrane [17,18,19]. The involvement of
gene deletion as a mechanism of antibiotic resistance was also demonstrated a few decades back [20].

Generally, different bacteria are resistant to different antibiotics, but when a single bacterium or microorganism
is resistant to more than one antibiotic, they are termed multi-drug resistant microorganisms. Multi-drug resistance
is due to the accumulation of various resistance-conferring genes resistance on a single DNA segment called a
plasmid, whose transfer from one bacterium to another also transmits drug resistance [21].

Niu and Li reported that antimicrobial resistance contributes annually to approximately 700,000 deaths across
the world [22]. The 2013 AR threats report stated that at least 2 million people got an antibiotic-resistant
infection every year in the U.S., and at least 23,000 died from those infections. These numbers increased rapidly
in the later years. A report published in 2019 showed that the number of people affected by antibiotic-resistant
infections was more than 2.8 million in the U.S. each year, leading to more than 35,000 deaths. Multidrug-
resistant tuberculosis is another rapidly increasing problem, with 490,000 cases out of 558,000 new cases
worldwide of tuberculosis with resistance to rifampicin in the year 2017 alone as per studies made by WHO
Global tuberculosis report 2018 [23].

The prevailing situation calls for the discovery and development of novel antibiotics with improved efficacy.
Most of the antibiotics available now are isolated mainly from soil bacteria. Hence, by searching for antibiotic
producers among the soil bacteria, we could expect new penicillin, tetracycline, or aminoglycoside antibiotic.
However, pathogenic bacteria are evolving with genetic and biochemical mechanisms to bypass the inhibitory
effect of these antibiotics. Thus, novel antibiotics with novel chemical structures and action modes are the hour’s
need. That is why in the recent past, researchers set their focus on marine sources to design novel antibiotics.

The oceans covering two-thirds of the earth’s surface are treasure house with diversified species that produce
numerous natural bioactive products, generally called marine biomaterials. These marine biomaterials include
biopolymers, bioceramics, marine nanoparticles, marine antibiotics, and many more. Vignesh and his team
reported the discovery of 13,000 active biomaterials to date, out of which 3000 had useful therapeutic properties
[24]. Extensive uses of these natural products in pharmaceutical industries are well-documented. The branch of
biotechnology that deals with the marine biomaterials with the active pharmacological properties is called
‘marine pharmacology’; the drugs obtained from marine sources are known as ‘marine drugs.” Recently, marine
pharmacological works mainly focused on marine microbes and algae [25]. Marine cyanobacteria are one of the
promising sources of novel bioactive molecules [26]. Antibiotic resistance genes were spotted in some species
of marine sponges, including Petromica citrina, which are commonly found on the Brazilian coast [27]. Almost
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all the organisms living in oceans are very much diversified and expected to release different biochemical
compounds like marine pigments, secondary metabolites, etc., as a part of a defensive mechanism. They are
well-adapted to extreme oceanic atmospheres in geysers and hot springs, boiling mudpots, and hydrothermal
vents on the deep seafloor. These biochemical compounds released from ocean species also play a vital role in
drug discovery and have countless benefits in therapeutics.

The need for Marine Antibiotics

The discovery of new antibiotics is crucial in view of the emerging antibiotic-resistant infections caused by
various microorganisms. The toxic nature of certain drugs also limits their use [28,29]. Developing antibiotic
resistance in bacteria is in direct correlation with the level of utilization of antibiotics to treat them. So, different
antibiotics are required to treat the same infection. For example, previously, penicillin was used to treat an
infection by the bacterial strain Staphylococcus aureus. Later it was changed from penicillin to methicillin, and
now vancomycin is required to treat this infection [30].

Efforts to identify novel antibiotics from terrestrial sources are unlikely to be rewarding for reasons already
discussed. The toxicity and untoward effects of some existing antibiotics also limit their application. Thus, the
search for new antibiotics appears to be a pressing need for successfully controlling infections. The production
of novel antibiotics is either synthetic or natural sources. Modifying the existing antibiotics or antibacterial
agents at a molecular level produces synthetic antibiotics. For example, ribosomally synthesized antibacterial
peptides are widely existing in the nature as a part of a ubiquitous cellular defense system [31] and are present
commonly in all bacteria, plants, animals, and also humans, and they tend to encounter microorganisms [32,33].
Dermaseptins isolated from the South American tree frogs Phyllomedusa sauvagei and P. bicolo are promising
compounds. Despite their enormous advantages, peptides have not yet attained the desired therapeutic significance
due to their hemolytic side-effects [34]. Thus, comparatively, natural sources like diverse bacteria or other
microbes appear to be more advantageous. Thus, researchers shifted to focus on microorganisms found in new
ecological niches like marine sources because oceans are comparatively under-explored habitats than terrestrial
environments [35]. Marine microorganisms show tremendous biodiversity and chemical diversity and have a
chance of obtaining diversified metabolites that show promising therapeutic properties [36].

Antibiotics from marine microorganisms

Marine organisms are known to produce many beneficial materials with a wide range of compositions that have
varied biological properties like antitumor, antimicrobial, anti-inflammatory, and anticancer effects [37]. Thus,
following appreciation of the advantages of marine biomaterials, many novel antibiotics were discovered and
are still getting discovered from marine sources.

Oceans cover about 71% of the earth’s surface, and it holds about 80% of the living organisms [38]. Ocean
organisms like sponges, tunicates, mollusks, etc., exhibit unique structural diversity. This uniqueness in structural
biodiversity, in turn, leads to chemical diversity and, therefore, a foremost source of natural products that have
vast therapeutic properties. Antibiotics are one of those compounds with antimicrobial properties. Antibiotics
can be obtained from various marine sources, but marine microorganisms are the best source for compounds
with antimicrobial activity. Marine microorganisms like bacteria and fungi show massive antimicrobial properties.
Many marine antibiotics have been discovered so far. Nearly 12,322 new compounds have been extracted from
marine organisms from 1985 to 2008 [39].

Antibiotics obtained from marine bacteria

Marine bacteria, chiefly present in deep-sea sediments, have shown to produce unique secondary metabolites
that have massive bioactive properties and thus, serve as a novel source for antibiotics [40,41,42,43,44]. One
of such deep-sea bacteria are members of Actinomycetes which act as one of the vital microorganisms in the
arena of biotechnology [45]. Actinomycetes are one of the best sources to extract bioactive compounds with
clinical significance and therapeutic properties [46]. The marine Actinomycetes are characteristically diverse
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compared to terrestrial Actinomycetes [47]. Actinomycetes have contributed 45% of all the bioactive metabolites
derived from microorganisms because over 10,000 of 23,000 secondary metabolites derived from microorganisms
are products of Actinomycetes members [48]. Typical members of Actinomycetes include Streptomyces,
Actinomyces, Arthrobacter, Corynebacterium, Frankia, Micromonospora, Micrococcus, and several others [49].
Among these, the genus Streptomyces produces a bulky group of secondary metabolites with bioactivity [50].
About 10% of the marine bacterial colonies comprise Actinomycetes, which can be isolated from marine
sediments [51].

An antibacterial compound, coumarin-6-ol, 3,4 dihydro-4, 4, 5, 7-tetramethyl was extracted from bacteria isolated
from marine sediments called Streptomyces VITAK1, which showed its activity against drug-resistant bacterial strain
methicillin-resistant Staphylococcus aureus (MRSA) ATCC 33591 and other Gram-positive and Gram-negative
bacterial pathogens [52]. Another strain discovered in India at Parangipettai coastal area, Bay of Bengal (collected
by scientists from Periyar University, Salem, Tamil Nadu) named S.rochei PM49 produces metabolites having
growth- inhibitory effect against MDR and ESBL-producing ATCC strains [53]. Streptomyces sp. strain SMS _SU21
is another Indian isolate strain that showed antifungal activity against C. albicans ATCC 10231 [54].

Scientists isolated an active antimicrobial lipid compound from marine microorganisms from the Indian Institute
of Chemical Biology, Calcutta, which show significantly intense activity against several bacteria and fungi,
including multiple drug-resistant strains such as S. aureus (strain 23602), E. coli (strain DH50) and Aspergillus
niger (strain MTCC 1344) [55].

Antibiotics obtained from marine fungi

Marine fungi show vast diversity compared to terrestrial fungi. The metabolites released from marine fungi
exhibit significant antibacterial, antifungal, and antiviral properties. A fungus that belonging to the
Didymosphaeriaceae family, Paraphaeosphaeria sp. TR-022 produces novel compounds, like paraphaeosphaeride
D (1) and berkleasmin F (2). These compounds, and another known compound called berkleasmin A (3), were
found to show anti-MRSA activity [56]. A deep-sea fungus, Chaetomium sp. strain NA-SO1-R1, produces a new
chlorinated azaphilone polyketides, which have antibacterial activity against MRSA [57], and another fungus,
Penicillium sp. ArCSPf, from the eastern Arabian Sea, produces a pharmacologically active compound, (Z)-
Octadec-9-enamide (oleamide), which shows an inhibitory effect against MRSA [58]. Apart from these, A sea
mud fungus, Penicillium sp. 271283, isolated from Karachi, Pakistan, has synthesized a novel compound, purpuride
D (1), that shows antimicrobial activity against several pathogens including MRSA, at MIC values range of 4—
14 ig/mL [59]. Another potent bioactive sesterterpenoid compound named terretonin G was isolated from the
fungus Aspergillus sp. OPMF00272 from poriferan in Japan [60].

¢ Antibiotics obtained from marine algae

A tropical marine Cyanobacterium, Okeania hirsuta, was found to produce an effective polyhydroxy macrolide,
bastimolide, a compound that exhibited moderate cytotoxic effect and potent antimalarial activity against MDR
strains of P. falciparumand it is a promising antimalarial drug in the future [61]. Peyssonnelia sp. sampled at
Solomon Islands, Georgia, USA was the source for the diterpene glycosides, and peyssonnosides A”B displayed
antimicrobial activity against several test pathogens, along with MRSA at MIC,; of 16.7 + 0.3 and >50 ig/mL,
respectively [62]. Terpenes derived from marine-algae like bromophycolides and their extracts isolated from the
Fijian red alga Callophycus serratus have significantly inhibited MRSA and vancomycin-resistant Enferococcus
Jaecium, with maximal inhibitory concentration (IC,) values of 1.4 uM and 5.8 uM respectively [63].

Conclusion

Considering the increase of multi-drug resistance in most bacteria and microorganisms, researchers need to
explore more powerful antibiotics that can show prominent activity against antibiotic-resistant infections. The
marine environment has diverse microorganisms that show vast chemical diversity. Marine natural products are
abundant and diverse and are a substantial source for developing therapeutics against multi-drug resistant
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microorganisms. The action of compounds originating from marine microorganisms is comparable with existing
antibiotics and can address the problem of resistance and re-emergence in infectious diseases.
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Abstract :

Pre-eclampsia is the second most common problem that causes maternal morbidity and complication
in low-income countries. It threatens worldwide public health, especially in underdeveloped nations,
where it affects 8% of pregnancies. Pre-eclampsia has been associated to socioeconomic, behavioral,
nutritional, and associated with demography associated risk factors which were studied in India.
There is a death of one pregnant mother every seven minutes from hypertensive diseases during
pregnancy Pre-eclampsia and eclampsia cause most maternal deaths and morbidity. This study’s
aims to identify population-based etiological associations for pre-eclampsia in a group of Indian
women living in Kolkata’s urban slums, as well as disorders of increased blood pressure during
pregnancy and accompanying maternal consequences. Great progress has been made in development
of tests which can predict eclampsia during pregnancy but unfortunately this remains restricted to
clinical trials and center around measuring angiogenic profiles, including placental growth factor
or newer tests involving metabolomics. This research will investigate the prevalence of risk variables
allied with pre-eclampsia and the most prevalent complications linked with pre-eclampsia. It is one
of the major causes of maternal death, and according to a report, West Bengal has the high maternal
mortality rate, 109 per 100,000 live births. This study has been conducted to identify the risk factors
of pre-eclampsia and recommend preventative measures. However, in this study there was no
statistically significant relationship with the known hazards of pre-eclampsia a new observation. We
have found fewer number of pre-eclampsia cases along with known risk factors could be due to
false negative cases

Key words - Pre-eclampsia, hypertension, Maternal Mortality Rate, Multigravida, proteinuria,
HELLP Syndrome, Chi Square test, P value, false negative cases, advocacy issues

Introduction

Pre-eclampsia is a prominent cause of maternal illness and death worldwide. A sufficient understanding of an
illness adds significantly to its prevention, control, and treatment. Level of knowledge among women who have
been pregnant receiving prenatal treatment at a university hospital in Kumasi, Ghana, as well including the
characteristics related with adequate understanding. Low awareness of pre-eclampsia exists amongst women
who have been pregnant in Ghana. A greater level of education is the most influential element in facilitating
adequate pre-eclampsia knowledge. This highlights the need for further efforts to increase women’s understanding
of PE in order to enhance pregnancy outcomes. Education may be provided by appropriate health education at
the ANC, media platforms, or national education program [1]. In India, research was conducted on pre-eclampsia
and the social, behavior, dietary, and demographic risk factors that are associated with it. Hypertensive disorder
remains the most common cause of maternal mortality. Preventing maternal mortality had been Millennium
Development Goal and now part of sustainable development goal.

Pre-eclampsia is also known as toxemia. Pre-eclampsia is new-onset of hypertension and proteinuria during
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pregnancy or after birth. The pregnant women may also have low platelets and renal or liver disorders, may be
called (Hemolysis Elevated Liver Enzymes, Low Platelet Count - HELLP Syndrome. Known risk factor of Pre-
eclampsia as documented genetic factors, blood vessel problems, autoimmune disorders, twins or multiple births,
being over 40 (elderly gravida), being pregnant for the first time, having pre-eclampsia in a previous pregnancy,
history of pre-eclampsia within the family, being obese, raised blood pressure history during a previous physical
examination, diabetes, disease if kidney, lupus or other autoimmune disorders, and sickle cell disease. Some of
the authors have stated previously that pre-eclampsia itself may be autoimmune condition. The known autoimmune
condition known to exacerbate during pregnancy are scleroderma, autoimmune thyroid disorders, neonatal lupus
and diabetes mellitus type 1 [2-3]

Occurrence of adverse
pregnancy outcomes

- |:| I
=
1 2 3 4

sEng Quartiles

dl» HELLP and/or eclampsia
sEng @ \VVith severe features

@ Without severe features

@ @ Healthy pregnancy

Disease severity

Fig 1: Pathogenesis of pre-eclampsia and pathology leading to complications of hypertension.

Blood pressure is defined as pressure imparted by blood column on the blood vessels. while it is moving through
blood vessels. WHO defines hypertension as a blood pressure above 140/90 millimeter of mercury (mm/hg) in
an adult measured over 2 different day [1] Gestational hypertension develops during pregnancy when it has
attained 20 weeks of gestation without proteinuria or other pre-eclampsia symptoms. About 10-25% of these
women may develop pre-eclampsia [3].

Hypertensive disorder of pregnancy- A meta-analysis, the hypertensive prevalence disorders women who are
pregnant in India is 1 out of 11 pregnant women. It was shown that the most common forms of hypertension
diseases experienced by pregnant women were pre-eclampsia and eclampsia. Pre-eclampsia and eclampsia
remain leading features of hypertensive disorder in pregnancy. Evidence from literature has shown among
women have been pregnant, 10% of them globally have hypertensive problems. 3—5% of pregnancies have pre-
eclampsia. Pre-eclampsia affected 5.4% of the studied population in India. India has not yet met the World
Health Organization’s Sustainable Development Goals regarding maternal death rates.

Eclampsia has clinical features characterized by one or more spasms in a pregnant woman during delivery or
soon after giving birth with elevated blood pressure, sometimes followed by coma. Hypertension complicates
5-10% of pregnancies and, coupled with hemorrhage and heart disease, contributes considerably to maternal
morbidity and death. WHO linked 14% of maternal deaths to hypertensive disorders during pregnancy. The
American College of Obstetrician and Gynecologist classifies pregnancy-induced hypertension (PIH) into four
groups: Gestational hypertension, resting BP 140/90mmHg or greater after 20 weeks; Pre-existing or first-
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trimester chronic hypertension; Pre-eclampsia (high BP, oedema, proteinuria)/eclampsia (pre-eclampsia and
seizures); Pre-eclampsia with persistent hypertension.

Pregnancy-induced hypertension (PIH) affects 5-8% of all women who have been pregnant globally. Associated
hypertensive orders like pre-eclampsia, eclampsia cause death at birth or around birth. Pre-eclampsia with
hypertension and proteinuria affects 5-7% of pregnancies. Premature birth, intrauterine growth retardation,
abruptio placentae, and intrauterine death are major causes of PIH, as is death of mothers or within 7 weeks
of birth. Data from a cross-sectional survey of 124,385 women age reproductive age group in India’s third
National Family Health Survey (NFHS-3, 2005-06) can be taken as a reference. 55.6% of responders had pre-
eclampsia. Pre-eclampsia was greater in women with twins (95%), those who have terminated pregnancies
(95%), severe to moderate anemia, those who smoked (95%), had diabetes (95%), and suffered from asthma
(95%). (95 %). a. Pre-eclampsia is prevalent in rural (56.2%) and urban (54%) India.10 percent of all pregnancies
are complicated by hypertensive disorders of pregnancy, which are estimated to cause 40,000 maternal fatalities
annually around the globe [2].

If we review the sample registration services (SRS) by Registrar General of India (RGI) for the last 4 data
releases. These are 130, 123, 113 and 103. All deaths are calculated in terms of 100,000 live births. The years
of estimates are 2014-16, 2015-17, 2016-18 and 2017-19.

The pre-eclampsia incidence is between 3 and 5 percent, according to a research evaluation published in 2020,
although its effect is not consistent across demographic groups. certain groups have unusually high incidence
and consequence rates. It is seen that elevated blood pressure in women who is pregnant may affect the neonate
as he/she is growing may impact cognitive skills, and into adulthood.

According to the Centers for Disease Control and Prevention (CDC), 11.1% of pregnancy-related fatalities in
the United States during 2006 and 2007 (the most recent statistics available) were caused by “hypertensive
diseases of pregnancy,” such as pre-eclampsia. In 2009, “gestational hypertension,” which includes pre-eclampsia,
occurred in 412 births which were born alive per 1,000, or more than 4 percent of all pregnancies, according
to CDC data.

In 2015, pregnancy related hypertensive disorders claimed the lives of roughly 42,000 women globally; almost
99 percent of these fatalities occurred in low- and middle-income countries.

According to a FOGSI research, eclampsia causes 24% of maternal mortality in India. Gestational hypertension
occurs 5- 10% of pregnancies, although has less severe problems.

Pre-eclampsia/eclampsia remain one of the top three global causes of maternal illness and death. Over 500,000
women die annually from pregnancy-related causes, with 99 % of these deaths occurring in low- and middle-
income nations. The incidence is believed to range between 3 and 10 % of pregnancies. In poor nations,
eclampsia, maternal complications, and maternal death rates remain high. The maternal mortality rate has been
at 1.5%. (2 patients diagnosed with severe pre-eclampsia and 2 with HELLP syndrome) [2] First pregnancy was
a protective factor for maternal death (p=0.008), while mean transaminase concentration was associated with
increased mortality (p=0.0001). It is estimated that 8 to 10 % women who have been pregnant in India suffer
from pre-eclampsia. In India, 7.8 percent of pregnant women had hypertensive problems, with pre-eclampsia
occurring in 5.4% in the group under observation for the study. The maternal mortality ratio (MMR) in India
decreased from 113 in 2016-17 to 103 in 2017-18. According to a special bulletin on MMR issued by the
Registrar General of India on March 14, 2022, this is the case. The Maternal Mortality Ratio (MMR) in West
Bengal, Haryana, Uttarakhand, and Chhattisgarh has increased. At 1968, the death rate of mothers due to
pregnancy related issues in a Calcutta district hospital was 4/1000. 42.34 percent of maternal fatalities were
due to eclampsia, making it the most important cause of mortality. According to the most recent report of the
national Sample Registration system (SRS) statistics, India’s Maternal Mortality Ratio (MMR) for the year
2016-18 is 113/100,000 live births, a decrease of 17 points from 2014-16’s 130/100,000 live births, however in
2017-19 it has increased to 109. [5]
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Significant progress has been made in the development of tests to predict the risk of pre-eclampsia in pregnancy;
however, these tests are still only used in clinical trial settings. They focus on measuring angiogenic profiles,
such as placental growth factor or more recent tests that involve metabolomics, and they are only available in
limited settings. We undertook this study is to analyze the most common complications that are linked with
pre-eclampsia as well as the most common risk factors that are related with the condition. According to a survey,
it is one of the principal determinants that contributes to maternal mortality. As a result, in order to bring down
the MMR in West Bengal, this study has been carried out to determine the factors that played a role in the
problem and to come up with increasing further preventive measures.

Objectives of the study

* To understand about the most pre-eclampsia linked risk factors in pregnant woman of the reproductive
age groups

* To identify most common complications of pre-eclampsia amongst mothers of urban slums in Kolkata

* To study if there is any psychological or drug induced cause behind pre-eclampsia in suffered woman
to know about the cause of pre-eclampsia in certain area as there is no particular cause of pre-eclampsia.

Methodology

All the pregnant who were enrolled for the study was from the project areas of reputed development partner
CINI in Topisa area of Kolkata. These women has been mobilized as part of CINI’s project mandate of ensuring
100% of the pregnant women to have antenatal check up in the government medical college. Total number of
population in the project area of CINI has been 28635. The population belonged to the low socioeconomic
status.

Total number of women examined was 120.during the study period.

The researcher has used both quantitative method and qualitative method for this study. The period of study in
month of middle of May and middle of June. Data was collected using a pre-structured questionnaire, and also
in-depth interview was conducted with the beneficiaries. Also, in a few numbers of cases, field visits were
undertaken to the beneficiaries’ home to make an observation visit.

Data collection tools — Questionnaires, Observation.
Sources of data — checklist, literature review, survey analysis, documents review.

Data analysis — Quantitative data was entered into excel and exported into SPSS IBM release 21.0. Qualitative
data was codified. Each of the codified was enter into excel and exported in SPSS in the same version has been
explained earlier.

Results

In our study we used the different determinants based on literature review for determining cases of pre-eclampsia
in the urban slums of Kolkata. The two most common factors are taken into account that is presence of raised
blood pressure and presence of protein in urine has been used to determine pre-eclampsia for prevalence of pre-
eclampsia.

As a risk factor of pre-eclampsia, we have used variables — different age group to see which age is more prone
to preeclamptic symptoms, income of the family as in many research it is seen that the low income status suffers
more from pre-eclampsia, family history as genetics mostly affect pre-eclampsia, obesity, anaemia, gravida,
parity ,any autoimmune disease (CVD, renal Other non-gynaecological co-morbidities namely psoriasis,
hypothyroidism, hyperthyroidism, diabetes) and other associated cause of hypertension during pregnancy (status
of sleep, extra salt intake in diet has been considered to be determinant.
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We obtained the data of 120 respondent (pregnant mother) has been taken into the study from survey from
government medical college and hospital, gynaecology and obstetrics outpatient department.
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Fig 2 : Incidence of pre-eclampsia (6.7%)

From analysis it is found that 3.33% of total population is affected with pre-eclampsia among the 15-40 years
age group women.
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Fig 3 : Pre-eclampsia affected in different age groups

Proteinuria greater than >300 mg/day is considered nephrotic syndrome. No women were found in having these
condition. Pregnant mothers have been protein in the range 150-300 mg/day is 10, but blood pressure was
elevated in 8, Hence these women was considered pre-eclampsia Proportion of women in this category is 6.7%.

Pregnant women with a positive family history of blood pressure (in excess of 140/80 mm Hg) in the family
risk has been 7.4%,
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Table 1- Prevalence of pre-eclampsia based on selected co-morbidities

Total number of pregnant mothers is 8 out of 120 (6.7%)

4/64 (6.3%)

Age group with | Average monthly [Haemoglobin History of prior Gravida Parity
hypertension/ total | family income level in blood hypertension status Status
number of women | category(Catego- Number of
in the age group [rizedin two groups) beneficiaries/
Total number
Below 15 years | Prevalence in the |Value of No history Second Nulliparous
0/7 group/Sample size [haemoglobin HTNO0/103 Gravida with PE/otal
Women with pre- Diagnosed/ |1/13 (7.7%)
eclampsia/women with PE
in the group Total
number
of women

15-24 4 /51 5000-100008/103  [Below 11gm% History of prior |3 gravida |2" parity2™d

(7.3%) (7.9%) 4/84 (6.3%) HTN8/17 (47.1%) [diagnosed |[parity with
with PE/ PE/Total
Total number of
number women 3/71
of 31 (4.2%)
gravida
4/56(7.1%)

25-39 4/41 10000-200000/17 [Above 11gm- Not applicable NA 3 rd parity

(8.9%) 14.5% 3/22 (7.1%) or greater 4/

36(11.1%)

in this study

a risk factor

Greater than 40 [NA Above 15 1/ 12 NA NA NA
0/13 (8.3%) No
hemoglobin was
tested in 2 people
Chi Square test P value more P value more P value less P value P value
P value > 0.05 than 0.05 than 0.05 than 0.05 more than  |more than
(Within the group) 0.05 0.05
Age group is Income is not Haemoglobin level | Hypertension is Not a risk  |Not a risk
not a determinant |a determinant is not considered |a risk factor factor factor

Previous history of auto immune disorders

Table 2 - We had discussed previously in the earlier sections, diagnosed comorbidities ad and autoimmune
disorder possibly linked to pre-eclampsia has been identified. The pre structure questionnaire had these questions
related to the autoimmune disorder. The question was simple and had to be answered yes/no. The table below
shows the autoimmune disorders which were considered or history of comorbid condition was obtained.
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Table 2- prevalence of pre-eclampsia with selected comorbidities

Family History of raised History of obesity Previous history of

blood pressure miscarriages

Diagnosed as pre-eclampsia/ Diagnosed as pre-eclampsia/ History with PE/Total number

No family history of BP 8/108 (7.04%) | presence of obesity 5/99 (5.1%) | of women 3/54 (5.6%)

Diagnosed as pre-eclampsia / Not diagnosed with pre- No History of PE/ Total

Family history of BP0/12 eclampsia /non obese 3/21 number of women5/66 (7.6%)
(14.3%)

P more more than 0.05 P value more than 0.05 P value more than 0.05

It is not a risk factor It is a not a risk factor Not a risk factor

The results are tabulated as follows

Name of the co-morbid conditions Yes/No | Proportion of women If yes (Action taken)
having the condition

Cerbro vascular disease Yes 11.1% No statistical significance

Any renal disease Yes Nil Nil

Presence of Psoriasis Yes 7.7% Not significant

Presence of diagnosed cases of diabetes No 0% Not applicable (no cases)

Presence of hypothyroidism Yes 7.6% No statistical significance

Presence of hyperthyroidism No 0% Not applicable

Hypertension has been associated with increased dietary salt, so the intake of salt in diet plays an important role
in occurrence of hypertension during pregnancy. Exact definition of excess salt cannot be quantified, but
however based on history it was obtained.

So from the above all the factors we can conclude that the total 6.7 % woman suffer from pre-eclampsia among
high risk woman. Most triggering high risk factors found out from survey which effects the cause of pre-
eclampsia are age group 15-30 years of age, lower income group mainly o more among obese woman, woman
whose gestational week is more than 20 weeks and most important that is the intake of additional salt in diet/
Additionally higher gravida and multiparous carries a higher risk

Discussion

We deduce that 6.7 percent of high-risk women suffer from pre-eclampsia out of sample size of 120. As
evidenced from literature review and national health portal of India prevalence of preéclampsia is around 8%
to 10% [8] Literature review suggests high risk factors discovered that affect the cause of pre-eclampsia are age
group 15-30 years of age, lower income group, more obese women are more prone to pre-eclampsia, woman
whose gestational week is greater than 20 weeks, and qualitative assessment the consumption of extra salt is
a risk factor. However, in our study there is no statistically significant relation in the known risk factor [1],[3].
This is a new observation. Overall prevalence of lower than national prevalence is lower as stated earlier. There
are less known risk factors among the population [9]. Therefore, this can possibly due to false negative cases.
There may be an advocacy issue.

Emerging evidence shows that facilitating delivery a little earlier in late preterm pre-eclampsia may protect
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against worse maternal outcomes while increasing the likelihood of admission in neonatal unit. Pregnant women
in LMICs are among the most vulnerable in the world. Pre-eclampsia is an important cause of morbidity and
mortality in mothers and newborns. Community health care workers, particularly women, are an essential
component of the health care workforce in many LMICs and are able to provide timely therapy to pre-eclamptic
women. In light of restricted resources, every pregnant woman should use pre-eclampsia preventative strategies.
In LMICs, monitoring blood pressure and proteinuria is problematic due to cost and lack of experience. Affordable
and user-friendly detection technologies are needed. In prosperous countries, pregnancy-induced hypertension
with pre-eclampsia and eclampsia continues to be a major problem. Good prenatal care that includes increased
awareness and visits may prevent mother and fetal complications. Increasing illiteracy and socioeconomic
disadvantage provide the target population for medical treatments and public health initiatives. Preventing
maternal and foetal mortality due to pre-eclampsia and eclampsia by identifying cases early by recording blood
pressure at each visit, a history of past PE, and diabetes mellitus. Awareness about the early signs of pre-
eclampsia and understanding of autoimmune illness are necessary to avoid pre-eclampsia and eclampsia. [1], [3].
We do acknowledge the sample size is quite small to arrive at conclusive evidence. Finally, psoriasis effect on
pregnancy has been incompletely characterized. Presence of psoriasis may have other comorbidities may be a
confounding variable to be characterized as a risk factor [10]. Some of presence other associated comorbidities
that like hypertension, obesity, dyslipidemia, psychiatry disorder and alcohol consumption may coexist However,
women with psoriasis have been associated with pre-eclampsia

Conclusion

Pre-eclampsia is not entirely prevented, however there are a number of measures a pregnant woman may take
to mitigate risk factors for high blood pressure which include drinking between 6 and 8 glasses of water every
day, avoiding fried or highly processed foods, excluding added salt ,avoiding alcohol and caffeine ,taking regular
exercise under their doctor’s guidance ,keeping feet elevated a few times per day ,resting. Lifestyle interventions
may reduce pre-eclampsia, particularly dietary interventions. lower rates of pre-eclampsia could possibly due to
a higher vegetable and plant-based diet.

Ethical Issues

This work has been undertaken in association with CINI, which is in partnership with Department of Health and
Family The project involves tracking of pregnant mothers with hypertension and treating them, therefore prior
ethical clearance is implied from CINI’s side and Department of Health and Family Welfare. There is also issues
non-disclosure statement identifying the beneficiaries and asking non probing questions.

References

1. Fondjo, L.A., Boamah, V.E., Fierti, A. et al. Knowledge of pre-eclampsia and its associated factors among
pregnant women: a possible link to reduce related adverse outcomes. BMC Pregnancy Childbirth 2019;
19: 456 https://doi.org/10.1186/s12884-019-2623-x

2. Dhinwa, M, Gawande, K, Jha, N, Anjali M, Bhadoria, A, Sinha, S. Prevalence of hypertensive disorders
of pregnancy in India: A systematic review and meta-analysis. Journal of Medical Evidence 2021; 2:105.
doi:10.4103/JME.JME_168 20.

3. Zheng, D; Khan, Mb; Zhang, G; Song, K; Wang, L; Qiao, C; Kang. Fulid A bibliometric analysis of the
research on pre-eclampsia in the first two decades of the twenty-first century. Journal of Hypertension
2022;40:1126-1164 doi:10.1097/HJH.0000000000003114

4. Osungbade, K. O, Ige, O. K. (2011). Public health perspectives of pre-eclampsia in developing countries:
implication for health system strengthening. Journal of pregnancy 2011; 48:1095. https://doi.org/10.1155/
2011/481095

5. Ministry of Health and Family Welfare (Press Information Bureau) release 12/2/21 (https://www.pib.gov.in/
PressReleasePage.aspx?PRID=1697441WHO)

NSHM Journal of Pharmacy and Healthcare Management, 2022 53



NSHM Journal of Pharmacy and Healthcare Management, 2022

6.

10.

Luo, Xiaohua & Pan, Ci & Guo, Xiaopei & Gu, Cunhua & Huang, Yulian & Guo, Jing & Zeng, Ying &
Yue, Jinjing & Cui, Shihong. Methylation Mediated Silencing of miR-155 Suppresses the Development of
Pre-eclampsia In Vitro and In Vivo by Targeting FOXO3. Mediators of Inflammation 2022; 10.

Mammaro, A., Carrara, S., Cavaliere, A., Ermito, S., Dinatale, A., Pappalardo, E. M., Militello, M., &
Pedata, R. Hypertensive disorders of pregnancy. Journal of prenatal medicine 2009;3: 1-5.

Pre-eclampsia National Health Portal of India. https://www.nhp.gov.in/disease/gynaecology-and-obstetrics/
pre-eclampsia

Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC, Sennstrom M, et al. Predictive Value of the sFlt-1:
PIGF Ratio in Women with Suspected Pre-eclampsia. The New England journal of medicine 2016; 374:13—
22. https://doi.org/10.1056/NEJMoal414838 PMID: 26735990

Vena GA, Cassano N, Bellia G, Colombo D. Psoriasis in pregnancy: challenges and solutions. Psoriasis
(Auckl) 2015;5:83-95. doi: 10.2147/PTT.S82975.

54

NSHM Journal of Pharmacy and Healthcare Management, 2022



NSHM Journal of Pharmacy and Healthcare Management, 2022

An observational study among the younger adults in Kolkata regarding their
dietary habits and how it is influenced by media

Sudrita Roy Choudhury!, Joyeta Ghosh!*

1. Department of Dietetics and Nutrition, NSHM Knowledge Campus-Kolkata, West Bengal

Abstract :

Media, Advertisements plays a very important role on communication with consumer’s especially
young people. So, the present online survey was attempted to understand the dietary practices
among the young people because of the influence of Media. The objective of the study is to find
out association between media influence and dietary practices and to find out the association
between media influence and their current Nutritional status. The study was an observational
descriptive study based on a set of questionnaires prepared by us. This study included both males
and females of a specific age group of 20-25 years. The location of the study was Kolkata, West
Bengal with a sample size of 101. It has been seen most of them get highly influenced by sports
person followed by celebrities, it might be because they relate the sports celebrities more with
fitness. From health point of view there is a huge indulgence in processed foods, ready to eat foods
and even on junk foods.

Keywords : Media; young adults; Diet patterns; Health behaviour

Introduction

Young adulthood contributes an important adaptation between adolescence and adulthood and it includes various
changes psychologically, physically (Klassen et al., 2018). Due to their life style and peer pressure they largely
depend on media for health information as well as they get influenced with promotional gimmick (Dunlop et
al., 2016). Media does have productive influence on health but it also promotes unhealthy foods which results
into consumption of alcohol, smoking and even low nutritional foods (Freeman et al., 2014). Unhealthy life style
during young adulthood can be associated with increased risk with many diseases including atherosclerosis in
middle Ages (Spring et al., 2014).

Malnutrition is a serious problem. It is widely seen in United states and nowadays even in other countries. In
studies it has been suggested newer generations have more body fat than the previous generation and one of the
influential reasons it has been observed is food and beverages promotion on television and other digital media
(Buchanan et al., 2018). However in last few years, studies have revealed there is less usage of news from radio
and television nowadays the information mostly used are from social media, YouTube.(Goodyear et al., 2021)

A cross sectional studies has been done by authors to visualize the effect of media on diet and physical
performance on young adults. On a positive note, the physical fitness has increased at the end of the experiments
even healthy modifications of food has been taken place to maintain the healthy wellbeing though this are self-
reported measures (Goodyear et al., 2021)

In another literature it was reviewed the effect of marketing on young adults and it has seen five out of ten
studies indicates digital marketing has increased their intention to drink alcohol. So, alcohol related marketing
posing a detrimental effect on young people drinking behaviour (Maheshwar et al., 2014)

A study was conducted with 1602 advertisement and it has been seen the display of chocolates, cookies were
displayed on children’s channel more than the 63% adverts of health drinks was displayed on main stream
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channel to target the adults as the cost was high and even adverts of tea and coffee are mostly displayed on
mainstream channel. Thus, food advertisers strategically symbolically divided between children and adults. The
majority of the advertisements in case of adults and children does not provide authentic information so much
more efforts are needed to mention truth about the advertisement and also regulators must encourage display
of healthy foods more often (Bala, et al)

In a survey conducted by ASSOCHAM it was reported that Indian adults watch television 14-16 hours a week
whereas 26 percent children spend four hours of television per day. Television is a strong medium for promoting
the products (M et al., 2018)

Recent analysis has been found in 2018 on young people have 95 % access on smart phones rather than
television or radio or newspaper. They prefer YouTube than any other means of medium (Anderson & Jiang,
2018) Some youth thinks reading print news comes into free activity (Anderson & Jiang, 2018) as it becomes
difficult to go the valuable source directly and social media helps to communicate, they can express their views
so it creates a virtual platform to them (Alkerwi et al., 2015)

Celebrities often endorse commercial foods and beverages so young people often tend to follow them as they
get attracted to see the fit body of film actors /actress or sportsperson (Juul & Hemmingsson, 2015) In many
studies it has been claimed that media engagement may negatively impact the body image of young people so
there comes the health professionals and dietitians to come into the charge and helping them to demolish wrong
information which they perceive from the virtual world (Shaikh et al., 2015)

In this research we are focussing to find out their influence of media on their Nutrition awareness to look into
their Nutrition status and how their dietary practices are changing due to the influence of media as well

Methodology

The study was an observational descriptive study based on a set of questionnaires prepared by us. The list of
questionnaires is furnished below. This study was conducted on a specific age group of 20-25 years. Both male
and female were included in this research work. The research work was done in Kolkata, West Bengal. The time
duration of the study was from November 2021 to January 2022. The sample size was 101 including male and
female.

Questionnaire component

The subtopics are included in the questionnaire focussing on knowledge, attitude and practise of the young
adults. The study was done by an online survey where online questionnaire was prepared by Google form. Social
media platform was used like Facebook, WhatsApp, LinkedIn. The method of sampling was purposive.

After receiving the filled-up forms, data-based information was statistically analysed using SPSS software
(Statistical Package for the Social Sciences) developed by IBM for data management for advanced analytics,
multivariate analysis, business intelligence and generating many data outputs.

Results and Discussion
The present study focusses on the assessment of Media influences Dietary Practices on young Adults Kolkata

The study was conducted on 101 respondents included both male and female and it was surveyed online

In odd’s ratio according to the table 1 the age is considered to be a risk factor for the BMI. It is an increased
occurrence of the event. Many studies have mentioned as well that increased age is one of the risks for
malnourishment nowadays (Pal & Pal, n.d.). Even socio-economic scale, alcohol consumption and smoking
habits are considered to be the risk factor for malnourishment as the association with many socio demographics
scales and behavioural factors are linked with higher BMI are found in previous studies (Rounsefell et al.,
2020a)
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Male (No %) Female (No %)

m Normal
H Normal

W Overweight B Overweight

M Obesit
= B Obesity

Figure 1 : The above figure shows that only 28 % of all men had normal BMI and 22 % were overweight
and 50% were obese. Among all the women participants 41% of them were of normal BMI, 13 % were
overweight and 44 % were obese.

Table 1: Distribution of BMI according to the age of the Respondent

BMI Age Total
20-23 (%) 24-25 (%)

Underweight 0 0 -

Normal 29(40.8%) 9(30%) 38(37.6%)

Overweight 12(16.9%) 4(13.3%) 16(15.8%)

Obesity 30(42.2%) 17(56.6%) 47(46.5%)

Total 71(100) 30(100) 101(100)

Among the dietary pattern health related information (figure 2) most of them has mentioned they do watch
advertisement 95 out of 100 and among them 45.2% are obese but among 95 only 13 believes advertisements
are truthful. The major sources 80% of advertisement they have discussed are the internet-based websites.

A huge percentage can be seen in consumption of ready to eat foods 77 out of 101 respondents. Among these
48% are obese and it possess a risk factor for malnourishment. Many studies have revealed as well consumption
of ready to eat meals are associated with higher energy intake with poor nutrition recommendation leads to fat
deposition.(Rounsefell et al., 2020b) A noticeable thing has been observed regarding the frequency among them
it is quite high.

A significant observation has been seen processed food intake in 86 out of 101 respondents, among them 45.3%
are obese and frequency they are having minimum 1 day /week. The trend has been increasing as per capita
consumption is increasing. Even consumption of ultra-processed foods have increased by 40% from 1960 -
2010(A New Model for News Studying the Deep Structure of Young-Adult News Consumption 2008). Here
maximum indulgences are bread (88.8%) followed by cookies /biscuits (79.8%)

Weight loss food consumption pattern has noticeable numbers as well as these are widely advertised on media
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30.70%

NORMAL OVER WEIGHT OBESITY

B No% H Yes%

Figure 2 : Distribution of BMI according to the believe of the advertisement of the Respondent

nowadays because of the deceptive advertisements and exposure is more to females than males (Cawley et al.,
2011)

A good significant mass number is also admitting that they are getting affected by the advertisements as it builds
perceptions on mind of the consumers about a particular product and they make a relation between the two to
buy the products (Cawley et al., 2011)

In consumption pattern most of the respondents (figure 3)gets influenced by their family members followed by
sports person (41.2%). Many previous researches have claimed this happens because of lasting memory trace
and of course with purchase behaviours and impacts (Pal, K., & Pal, T..)

50.00%

45.00%

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00% l

0.00% I—

Film actors Television Sports person  Friends/peers Elders/relative A Profesional
celebrities

Figure 3 : Distribution of Health point of view consumption of the Respondent
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Conclusion

Media content, advertisement strongly affects the dietary patterns of young people which leads to malnutrition
primarily. Most of them get highly influenced by sports person followed by celebrities. This might be because
they relate the sports celebrities more with fitness. But additionally they are also consuming ready to eat food
or outside foods under the influence of the advertisements. From health point of view there is a huge indulgence
in processed foods, ready to eat foods and even on junk foods. Hence, it is very important for the qualified
professional to play an active role in the present scenario and discuss with the masses through campaigns and
positive advertisements.
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ABSTRACT :

Agriculture is the base of economy in many countries and India is one of them. Pesticides are
widely used for pest management, increasing the crop yield and catering the huge supply of food
products. Among all the pesticides used in the world, approximately 70% are used by the developed
countries and the developing countries use 30%. Excessive use of pesticides leads to the accumulation
of pesticide residues in the food crops. This is extremely toxic to environment as well as to humans.
Ingestion of the foods having pesticide residues have been associated with several diseases like
diarrhoea, dizziness, thyroid, reproductive effects and endocrine disruptions. The impact of pesticide
residues can be minimised by taking certain measures like the rational use of pesticides, use of
organic farming methods over conventional methods, use of bio pesticides and proper implementation
and amendment of pesticide related laws. The present article has been planned to review the various
aspects of pesticide residues, their accumulation in food crops, hazardous effects on environment
as well as human health and the possible preventive measures to reduce the toxicity. When the
developed countries are concerned about dietary pesticide consumption and its effect on the
consumer’s health, limited studies have so far been conducted apparently in India to understand the
same. Thus, the impact of pesticide residues should be minimised by taking the preventive measures
like increasing the use of bio pesticides, increasing the production and consumption of organic
crops, washing and proper processing of foods and strictly implementing the pesticide related laws
and increasing awareness among the consumers as well as the farmers.

KEYWORDS : Hazards, human health, organochlorines, lindane, Parkinson’s disease, infertility,
cancers, biopesticides, organic farming, Pesticide management bill.

INTRODUCTION

Agriculture is the base of economic growth and development. In rural areas, this is the main source of living
and income. It also ensures the availability of food for rural as well as urban population [1]. The term “pesticide”
covers a broad variety of compounds, which includes insecticides, fungicides, herbicides, rodenticides,
molluscicides, nematicides, plant growth regulators and others [2]. Based on chemical structures, pesticides are
classified as organochlorines, organophosphates, carbamic and thyocarbamic derivatives, carboxylic acids and
their derivatives, urea derivatives, heterocyclic compounds, phenol and nitrophenol derivatives, hydrocarbons,
ketones, aldehydes and their derivatives, fluorine containing compounds, copper containing compounds, metal
organic and inorganic compounds and natural and synthetic pyrethroids [2].

Ever since the origin of civilisation, the major task of human has been to get engaged in a continuous endeavour
to improve their living conditions [2]. The main tasks in which the human beings have involved themselves is
securing the relief from hunger, and secondly, the control of insects, weeds, fungi and other pests of economic
or public health. This is of utmost importance to our government [2]. The moment the farmers plant seeds in
the ground, the crop’s potential becomes vulnerable to multiple pests including weeds and insects and thus
becomes threatened [4]. The developing countries have been using 108 kinds of insecticides, 30 kinds of
fungicides, 39 kinds of weedicides, five kinds of acaricides and 6 different kinds of rodenticides [1]. Brazil is
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a major food producing country, which uses large amounts of pesticides in the food crops. India is in the seventh
position in the use of pesticides [3]. Though pesticides are very much valuable in the developing countries, many
pesticides are harmful to the environment and are known to be toxic to human beings and other non-target
organisms [3].

It is observed that more than 95% of sprayed insecticides and herbicides reach a destination other than their
target species, including non-target species, air, water and soil [1]. According to the World Health Organization,
the most commonly consumed food groups are the fruits and vegetables and this contribute on an average, 30%
of the food consumption. Since fruits and vegetables are consumed raw or semi processed, they are expected
to contain higher amounts of pesticide residues as compared to other food groups of plant origin [1]. Because
of their high market value and less knowledge about the toxic effects, there is no proper pre-harvest period
followed after their use on vegetables and fruits [1]. The present article has been planned to review the various
aspects of pesticide residues including accumulation of pesticide residues in food grains, various hazards to
human health due to pesticide residues and the preventive measures for the minimisation of the impact of
pesticide residues on human health.

DATA SYNTHESIS

Relevant published articles were summarized by performing computerized literature searches based on different
keywords like organophosphorus compounds, organochlorines, lindane, Parkinson’s disease, infertility, cancers,
biopesticides, organic farming, Pesticide Management Bill. Selection of potential studies with original data were
done and incorporated in the current scenario on pesticide residues and possible health hazards.

PESTICIDE RESIDUES IN FOOD CROPS

The pesticides or metabolic products of pesticides that remain in food grains, vegetables and fruits after they
are applied to the crops are called the pesticide residues [2]. Due to the protective health effects from non-
communicable diseases, consumption of fresh fruits and vegetables is encouraged by the governmental health
agency campaigns [6]. Many of the pesticides, which are older and cheaper, such as dichlorodiphenyltrichloroethane
(DDT) and lindane, can remain in soil and water for years and these chemicals have been banned by countries
who signed the 2001 Stockholm Convention which is an international treaty that aims to eliminate or restrict
the production and use of persistent organic pollutants [5]. In India, sulphur, endosulfan, methyl parathion,
monocrotophos, cypermethrin, isoproturon, chlorpyrifos, malathion, carbendazim, butachlor, quinalphos, copper
oxychloride, and dichloro are the most consumed pesticides for vegetables, fruits and food grains [2]. Food
Safety and Standards Authority of India has set the maximum residue limits for pesticides in crops, foods,
vegetables and fruits for production in India [2]. According to a study conducted in Pakistan, six pesticides
which include Emamectin, Bifenthrin, Dichlorvos, Glyphosate, Imidacloprid, and Difenoconazole were detected
in different samples of fruits, vegetables, soil and water. Out of these, Emamectin was found in the water
samples of orange, guava, grapefruit and carrot. Glyphosphate, a fungicide was detected in orange, grapefruit
and guava samples. In vegetable samples, residues were found in carrot and turnip. The concentration of
Imidacloprid, an insecticide, was detected in spinach, bitter gourd, mustard plant, beetroot and guava. The
residue of Difenoconazole, a fungicide, was detected in oranges, guavas, lemons and mustard plants. The highest
concentration of this compound was found in vegetable crops like carrots, mustard plants and spinach. Dichlorvos
was found in guava only. The residues of these pesticides in the food crops were much higher as compared to
the standard limits set by MRLs [1]. According to a study in Poland which was conducted taking 380 samples
of the cereal grains, the smallest portion of pesticide residue was found in mixed cereal grains (below 10%) and
Avena grains (below 15%), whereas, Hordeum and Triticum grains had the highest content of pesticide residues
(over 50%) [2]. A study in Kuwait revealed that out of 150 samples of fruits and vegetables taken for study,
the pesticide residues were not detected in 62 samples (42%) while detected in 88 samples (58%). Out of these
pesticides residue contained samples, the percentage of contamination was high for all vegetables except for
carrot, zucchini and cabbage. The highly contaminated samples were tomato (88%), bell pepper (83%) and
cucumber (87%) [7].
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TOXIC EFFECTS OF PESTICIDES ON HUMAN HEALTH

Despite having plenty of benefits, pesticides can be extremely toxic to environment as well as human beings.
Less than even 1% of the total amount of pesticides used to control weeds and pests reach the target pests [8].
Pesticide residues can have short-term adverse health effects or acute health problems like stinging eyes, rashes,
blisters, nausea, dizziness and diarrhoea [9]. The chronic adverse effects can occur even after months or years
of exposure and these include cancers and other tumours, damage to brain and nervous system, birth defects,
infertility and other reproductive problems, damage to liver, kidneys and other organs and in severe cases, it can
even lead to death [9].

The class of pesticides are associated with decrease in insulin secretion, disruption of normal cellular metabolism
of carbohydrates, proteins and fats, and effects on mitochondrial functions causing cellular oxidative stress and
problems to nervous and endocrine systems [10]. Carbamates are the insecticides that produce clinical signs and
symptoms of cholinergic excess. The signs are somewhat similar like organophosphate toxicity, except that the
effects are more reversible and less severe [8]. They have the ability to induce apoptosis and necrosis in human
cells, neurobehavorial effects and increased risk of dementia and non-Hodgkin’s lymphoma [10]. Organochlorines
are the commonly used insecticides. They persist in the environment and tend to accumulate in the tissue as they
pass up the food chain [9]. They are extremely hazardous, still less toxic than organophosphates and carbamates
[8]. The exposures to organochlorines are caused through ingestion of contaminated food or water, inhalation
of vapour, and absorption through skin. This pesticide has been linked with cancer, asthama, diabetes and growth
disorders in children [8]. Pyrethroids are the organic compounds which are similar to the natural pyrethrins
produced by the flower Chrysanthemum cinerariaefolium. These are the synthetic copy of a natural poison [9].
They have the ability to damage DNA in human sperms, raising concerns about possible negative effects on
human reproductive health [10]. Triazines are another class of pesticides which are effective, inexpensive and
are generally used as herbicides. Human exposures to triazines have been associated with endocrine disruption,
reproductive toxicity and carcinogenecity [8, 10].

NEURONAL DAMAGE DUE TO PESTICIDES

Epidemiological studies suggest that pesticide exposure to humans can be significant risk factor for neurological
disorders, including Parkinson’s disease, Alzheimer’s disease and multiple sclerosis [11]. Due to the similarities
in brain biochemistry, such pesticides become neurotoxic to humans [11]. Studies suggest that exposures of
pesticides through occupational hazards tend to be significantly higher than that ingested by general people
through food. The enzyme acetylcholinesterase is the primary target of organophosphate. Inhibition of
acetylcholinesterase causes accumulation of acetylcholine at cholinergic synapses, which leads to over-stimulation
of muscarinic and nicotinic receptors [12]. Many studies have demonstrated that beside organophosphates,
organochlorine and pyrethroids which are frequently used in agriculture are linked with adverse neurological
problems. [12].

REPRODUCTIVE DISORDERS

Many study results have shown that increase of insecticides in blood levels in vertebrates cause reproductive
dysfunction. For human beings, it is suggested that consumption of foods like fish, chick and goat containing
beyond permissible limit must be avoided [2]. Triazines, such as atrazine, simazine and ametryn are a class of
pesticides which are related to reproductive toxicity and cause delay in sexual maturity [10]. Pesticide exposures
cause sterility in humans. Many males become unable to have children because they lose the capacity to make
sperms [13]. Synthetic pyrethroids, such as fenvalerate, permethrin, sumithrin are known to cause DNA damage
in human sperms, raising concerns about possible negative effects on human reproductive health [10]. If these
harmful chemicals enter a woman’s body, this may appear in her breast milk later. The women, who get exposed
to these pesticide residues before pregnancy, may have a miscarriage or the baby may be born dead because
these toxic chemicals affect the hormones which are responsible for growth and reproduction [13].
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OXIDATIVE STRESS

Reactive Oxygen Species (ROS) are the free radicals, that is, the oxygen containing species having an unpaired
electron, such as superoxide (O,"). These are highly unstable in a chemical sense. Exposure to pesticides cause
over production of these reactive oxygen species in the tissues which cause extensive DNA damage and protein
damage in cells [14]. Oxidative stress has been reported as the main mechanism of organophosphate toxicity
[2]. Oxidative stress is defined as the imbalance between the production of free radicals capable of causing lipid
peroxidation and the body’s antioxidant defence mechanism [15].

DEVELOPMENT OF CANCERS

Increased exposure to the agrochemicals is the most important risk factors for cancers among agricultural
workers [16]. Studies have shown that the risks of developing various types of cancers are highly associated with
the consumption of specific products, which have some pesticide residues such as dichlorodiphenyltrichloroethane,
and these products include fish, water, seafood, milk and other dairy products [2]. A study report says that people
aged 65 and above are having more chances of developing these types of cancers than other adult groups,
because they consume more fruits and vegetables, thus maximising the exposure to pesticide residues [17]. A
study conducted in Iran reveals that some of their widely used pesticides like amitraz, dichlorvos, diazinon,
permethrin, chlorothalonin, meta-sodium were classified as possible human carcinogens by the United States
(US) Environment Protection Act (EPA) [16].

MEASURES TO REDUCE PESTICIDE RESIDUES IN FOOD CROPS

India is the second most populous country in the world and nearly 64% of its population is dependent on
agriculture [18]. So food security is one of the major concerns for India and for the whole world as well [18].
For the prevention of crops from pests, insects and weeds, different types of pesticides are used for different
types of crops [2]. Nearly 70% of the total pesticides used in the world are applied in developed countries and
the rest 30% are applied in the developing countries [18]. In order to reduce the risks, sensitization of farmers
to better pesticides, safety practices and the need for continuous monitoring of pesticide residue is highly
recommended [7]. It is very well known that pest management is one of the major inputs of agricultural
production, therefore, this area needs great attention to economise the production, as well as, to provide safe
foods and lower the medical expenses for treating the resulting ailments [18]. Various strategies are there which
can be used to minimise the pest and disease problems and reduce pesticide residues in food grains, vegetables
and fruits [2].

ORGANIC FARMING

The use of organic foods in place of non-organic ones is one of the widely used methods now a day to reduce
the effect of pesticide residues in food crops [2]. The use of synthetic pesticides is restricted in organic
agriculture. While in conventional agriculture, the pesticide residues in fruits and vegetables constitute the main
source of human pesticide exposure [19]. According to standard Meta analyses, the frequency of occurrence of
detectable pesticide residues was four times lesser in non-organic crops than organic crops [2]. Many studies
have shown that there is a positive correlation between the use of organic foods and good health [19]. On an
average, organic crops have higher concentration of antioxidants than non-organic crops. It is always advisable
to consume more foods, which are rich in antioxidants. Antioxidants reduce the effects of chronic diseases by
suppressing the oxidative activities. Increasing the dietary intake of antioxidant rich foods can fight against
cardiovascular diseases, certain cancers like prostrate cancers and neurodegenerative diseases [2]. India stands
at a unique position in organic agriculture. It has 6,50,000 organic producers, 699 processors, 699 exporters and
7,20,000 hectares of land under cultivation. India produced certified organic products, which include all varieties
of edible products like sugarcane, oil seeds, cereals and millets, cotton, pulses, medicinal plants, medicinal
plants, tea, fruits, spices, vegetables, coffee etc [20].
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THERMAL TREATMENT

Thermal treatment of food is done in many ways including drying, pasteurization and sterilization, blanching,
steaming, frying, boiling, cooking, depending upon the nature and processing of food [21]. Drying is a simple
and traditional method and this process has been found to reduce pesticide residues considerably. Pasteurization
and sterilization are the commercial thermal processing techniques which are capable of reducing the amount
of diazinon, malathion, chlorpyrifos and lindane. Frying can significantly reduce the residues of thiabendazole,
technazene, chlorpropham, and maleic hydrazide. Reports show that blanching, steaming, and boiling, cooking,
frying, roasting and baking play significant roles in reducing the pesticide residues from foods. Boiling may
remove 35 to 60 percent of organophosphate residues and 20 to 25 percent of organochlorine residues. Thermal
processing affects the pesticide residues in foods of animal origin as well. Cooking by scrambling can reduce
approximately 38% of chlorpyrifos from eggs, while hard boiling can eliminate all pesticides in shell [2, 18,21].

BIOPESTICIDES

Biopesticides are a group of pest management agents which are used in Integrated Pest Management (IPM).
Biopesticides are defined as a mass produced agent manufactured from a living microorganism or a natural
product for the treatment of pests. Biopesticides are classified into three different types according to the active
substance — micro-organisms, biochemicals and semiochemicals. Microorganisms like bacteria, fungi, oomycetes,
viruses and protozoa are used for the biological control of pests, insects and weeds. The mostly used microbial
biopesticide is the insect pathogenic bacterium Bacillus thuringiensis (Bt). Plants produce a wide variety of
secondary metabolites which can be used as biopesticides. They have low mammalian toxicity. A semiochemical
is a chemical signal produced by one organism to cause a behavorial change in the individual of the same or
different species. The most widely used semiochemical for crop protection are the insect pheromons. Biopesticides
are selective; produce little or no toxic effects, developmental costs are also significantly lower than those
conventional chemical pesticides, and these properties make them good components of IPM [22].

IMPLEMENTATION AND AMENDMENT OF PESTICIDE RELATED LAWS

Pesticide registration is a scientifically based, legal and a complex process which takes considerable time,
resources and expertise on the part of the registration authority, manufacturing industries and various public
interest groups. Here, a wide variety of effects associated with the use of pesticide product and its potential
effects on human health and the environment is assessed [23]. In India, pesticides are regulated through the
Insecticides Act, 1968 and Insecticides rule, 1971. The parliamentary approval of the Pesticide Management Bill
is still waiting since 2008. The Draft Pesticide Management Bill was released by the Union Ministry of
Agriculture and Farmers Welfare (MoFAW) on 19t February, 2018. Subsequently, a new Pesticide Management
Bill has been created and now approved by the Union Cabinet on 12" February 2020 [24]. The pesticide related
laws must be strictly implemented and amended in order to reduce the cases of pesticide residues in food crops

[2].

PRESENT SITUATION IN INDIA

The long-term safety of pesticide consumption through conventional food production has been questioned, with
evidence from long-term cohort studies covering areas ranging from possible neurotoxicity to endocrine disruption
[25]. A number of widely used pesticides have been banned retrospectively when unexpected negative health
impacts have been identified [26, 27]. From a regulatory perspective, dietary intake of pesticides is not considered
to pose a health risk to consumers as long as individual pesticide concentrations in foods are below the
Maximum Residue Level (MRL). Surveys conducted by the European Food Safety Authority and the US
Department of Agriculture show that the vast majority of foods contained individual pesticide levels below the
MRL, but at 1.7% (European) and 0.59% (US), respectively, found to exceed the limits. It was also found that
30.1% and 27.5% of food samples analyzed contained multiple pesticide residues [28, 29]. There is considerable
controversy about health risks posed by chronic low-level dietary pesticide exposure [30-32], whilst lower
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levels of pesticide residue excretion are consistently observed during organic diet intakes [33-35]. It is not clear
how this impact the health of the consumers. Interestingly, a recent study by the FSSAI revealed that out of
23,660 samples from 12 Sates of India 19.1% have pesticide residue, while 2.2% are found to have higher than
MRL (FASSAI Report, 2019 File No: 07(5)2019/pesticide residues/RCD/FSSAI). Thus, this indicates that the
study is grossly insufficient in the context of nearly 140 crores of population over the country. Hence, FSSAI
should consider extending the present study all over the country covering at least 20% of the population to
obtain reasonably scientific data to understand the gravity of the problem. It is particularly essential with respect
to the growing incidence of life-style disorders like atherosclerosis, CVD, COPD, Cancer, Diabetes, neurological
diseases etc. When the developed countries are concerned about dietary pesticide consumption and its effect on
the consumer’s health, limited studies have so far been conducted apparently in India to understand the same.

CONCLUSION

Though the use of pesticides is effective in the field of agriculture for increased productivity, using it more than
the recommended level leads to the accumulation of pesticide residues in food grains including fruits and
vegetables. When humans ingest these food grains, they become toxic for the human health causing several acute
and chronic problems. Thus, the impact of pesticide residues should be minimised by taking the preventive
measures like increasing the use of biopesticides, increasing the production and consumption of organic crops,
washing and proper processing of foods and strictly implementing the pesticide related laws and increasing
awareness among the consumers as well as the farmers. Pesticide users should be concerned about the risks and
how to handle it properly. They must use personal protective equipment, which is implemented scientifically in
reducing health hazards.
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Abstract :

Skin, the largest organ of the body, is the most obvious place to observe signs of ageing. With
advancing age, skin shows the sign of ageing like wrinkle, loss of elasticity, rough texture and laxity
etc. Both extrinsic (UV radiation, smoking,) and intrinsic factors (Structural change in extracellular
matrix component) affect aging; aging due to extrinsic factors are more prominent than the intrinsic
ones. Mainly UV radiation increase the level of reactive oxygen species which changes the
composition of essential extracellular matrix components such as collagen and elastin. This review
mainly discusses these factors and the strategies used in antiaging products to overcome/ minimize
the effect of ageing.

Keyword: Aging; anti-ageing; collagen; elastin; antioxidant, UV protection; moisturizer; botulinum
toxin; laser; Cosmetics;

Introduction

Desire to look beautiful and young is an universal aspiration of the humankind. Aging of the organs begins from
the day, when one is born, skin is no exception to that. In fact, effect of environment explicitly is felt on the
skin. Most of the vital organs are protected within the body but unfortunately skin is exposed. It directly interacts
with the environment and absorbs the harmful rays of sun, chemicals which pollute the air, smoke etc. This
results in pigmentation, wrinkles and dryness, robbing the skin its natural freshness- which is very similar to
natural aging which happens due to change in composition. These changes has become an unofficial indicator
of age and humans since time immemorial have been trying to camouflage changes through a variety of
strategies. The most primitive of these strategies is anti-aging cosmetics.

Use of cosmetics can be traced back to the beginning of human civilization. Cleopatra, the queen of Egypt, is
probably the first person we think of, when ancient beauty regimes are explored. She used to take two bath
with donkey milk a day, which is a rich source of alpha-hydroxy acids, vitamins; molecules having skin
rejuvenating properties. Tang-dynasty ruler and sole female emperor of China, Wu Zetianhas developed an anti-
aging formula called as fairy powder. But cosmetics, once the privilege of the royal people is now extended to
commoners. Cutting across the social and economic divide, the demand for anti-aging products is increasing
in all sectors of the society. Development of anti-aging formulations has become a prime research activity and
newer formulations are hitting the market every now and then. The objective of this article is to understand the
science behind these anti-aging products.

Reasons behind skin aging—-

Skin aging is a complex biological process, influenced by a combination of endogenous (genetics, cellular
metabolism, hormone) and exogenous (chronic light exposure, pollution, ionizing radiation, chemicals, toxins,
smoking) factors [1]. Collagen, a protein present in the extracellular matrix, plays an important role in maintenance
of skin structure. Predominantly present in the dermis, the collagen content of the skin decreases by 1% per year
throughout adult life [2]. Another molecule, elastin is also supremely important for elasticity of the skin. Elastin
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enables the skin to regain its shape after deformation. However, turnover of elastin is very slow, overall half-
life being similar to human life span. Collagen is responsible for retention of water. As a person ages, the nature
of collagen changes; from well-organised bundles of fibres it changes to become fragmented and dis-organised
fibres; also loses its interwoven extensions with elastin fibres. As collagen fibres decrease in number, their
capacity to bind water decrease and the skin loses elasticity and becomes wrinkled. With advancing age, there
is a loss of dermal volume, and dermal thickness decreases by about 20% and 50%. Intrinsic ageing occurs due
to reduction in the contact between the epidermis and dermis. Rete ridges (epithelial extensions that project into
the underlying dermis) are reduced, resulting in reduction and supply of oxygen and nutrient to the epidermis
[3-4].

Extrinsic skin ageing is caused by environmental factors. Over 80% of facial skin ageing is due to low-grade
chronic UV exposure which induces production of reactive oxygen species. This affects the epidermis, causing
irreparable damage to cellular DNA. Exposure to UV radiation increases skin pigmentation due to increased
proliferation of melanocytes [5-7].

Extrinsically aged skin is characterised by mainly coarse and deep wrinkling, rough texture, telangiectasia
(spider veins), irregular or mottled pigmentation, a sallow or yellow complexion and a loss of elasticity. The
severity of extrinsic ageing mainly depends on skin types; fairer skin is affected more than darker skin [8].

Method to overcome aging—

Strategies to overcome aging include both prevention and cure. The simplest as well as most used strategy is
the change in life style.

Change in lifestyle

Prevention is always better than cure. Changing lifestyle to prevent premature skin aging is a time-tested
strategy. Sunlight is the source of UV radiation, daily use of a proper sunscreen with at least SPF 15 (sun
protection factor) is helpful to protect the skin. A sunscreen with moisturizer is the best choice as moisturizer
traps water and gives skin a more youthful appearance.

Avoidance of smoking is also recommended. Chronic exposure to chemicals contained in cigarettes that can
cause wrinkles and make the skin dull. The same is also valid for drinking alcohol as it dehydrates the skin,
and make it lifeless.

Fruits and vegetables are always best for health and skin is no exception; it may prevent premature skin aging
as they contain vitamin and minerals. American Academy of Dermatology says a diet containing lots of sugar
or other refined carbohydrates can accelerate aging.

Exercise can improve circulation and boost the immune system which in turn may give the skin a more-youthful
appearance. Some facial exercises are also helps to recover saggy skin.

Washing the face gently with water (not to damage the skin) can reduce the chances of wrinkle. Gentle washing
helps to remove pollution, makeup, and other substances without irritating skin.

Cosmetics (Topical application)

Anti-wrinkle creams, protect from sun damage, moisturize the skin and also brighten it up. They have a
combination of anti-aging, moisturizer, skin brightener and sunscreen molecules.

Anti-aging molecules

According to the function and effect, anti-aging constituents can be divided in group like antioxidant, moisturizer,
collagen producer, sunscreen, depigmenting agent.

Antioxidants are the main component of anti-aging formulation. They inhibit or delay oxidation of a substrate
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while present in minute amount. ROS can make skin bleak looking and water lacking. Therefore, it’s necessary
to pay attention to the nutritional antioxidant when body’s endogenous antioxidant failed to control ROS.
Vitamin E, vitamin C, idebenone, coenzyme Q10, ferulic acid, , zinc sulfate, green tea, superoxide dismutase,
carotenoids and polyphenols are used for scavenging free radicals. They directly neutralize free radicals or they
reduce the membrane peroxides or they quench iron to decrease ROS production. Vitamin E continue to
accumulate by penetrating the skin and therefore skin becomes soft and smooth. For light aging vitamin E is
a good agent. Sunscreen work better when vitamin E is combined with vitamin C. In addition, vitamin E also
acts as anti-aging, inhibiting erythema solare, reducing wrinkles and its anti-inflammatory effects [9-10]

Decrease in dermal collagen leads to decline in skin elasticity and therefore wrinkles appear. So, promoting of
the growth of collagen can also alleviate the aging of the skin. Vitamin A, retinoic acid, cell growth factor,
tartaric acid, alpha and beta hydroxy acid, beta glucan etc. promote the growth of collagen. Research indicates
that the Vitamin A have the ability to promote the synthesis of collagen and reduce hyper pigmentation and also
inhibit enzymes from breaking down collagen Vitamin A can enhance the skin elasticity, improve complexion
and skin texture Retinoic acid is likely to contribute retention of water to increase skin softness [11]. Alpha
hydroxy acids (such as glycolic acid, lactic acid, citric acid, malic acid and so on) and Beta hydroxyl (Salicylic
acid, beta hydroxybutanoic acid,tropic acid,trethocanic acid) stimulate the exfoliation of epidermal cells in the
stratum corneum. This results in the sloughing off dull and rough skin and promotes cellular renewal. Long-term
use of these agents can improve the skin wrinkles, roughness and colour due to light, and may also increase the
thickness of epidermis, dermis, and collagen synthesis induced by the increased water retention, thereby improving
the elasticity of the skin and appearance [12-13].

The UV radiation is one of the greatest causes of skin aging as it damages DNA directly causing apoptosis or
growth arrest. To protect skin from this light damage a proper sunscreen with perfect SPF as per age is
necessary. Using ultraviolet light scattering agent can reduce skin damage caused by the sun. At least SPF 15
should be used to get protection from sun damage [14]. The compound in sunscreen includes titanium dioxide,
zinc oxide, oxybenzone, octocrylene etc.

With advancing age, water retention power of skin decreases and this leads to the decline of protease activity,
causing skin peeling. So moisture is an essential part of anti-aging products. The ingredients used for moisturizing
attracts water to the horny layer to increase the skin moisture content. The agents used for this purpose are
sorbitol, glycerol, polyethylene glycol, cholesterol and oleic acid, hyaluronic acid, lactic acid, pyrrolidone
carboxylic acid salt, and some microbial fermentation metabolites. Hyaluronic acid a natural skin component is
the most used, of them all, which is produced synthetically [15].

Skin lightening or skin brightening agent are also used to get a natural looking skin and to minimize age spot.
They minimize the melanin production in the skin which results by sun exposure. The ingredients include
hydroquinone, kojic acid, licorice extracts, aloe gel etc.

Cure
Invasive procedures

In invasive procedure they resurface the epidermis to remove the damaged epidermis and replace the tissue with
remodelled skin layers and sometimes help in formation of new collagen. With the growing technology and
science, lot of possibilities exist in this field.

Chemical Peels

By the use of chemical solution, the outer layer of the old skin is removed and new skin is replacing the damaged
one. The new skin is usually smooth and less wrinkled. Chemical peels are classified into three categories.
Superficial peels [4-a-, lipo-hydroxy acids, trichloroacetic acid 10-30%)] exfoliate epidermal layers without
going beyond the basal layer. Medium-depth peels (trichloroacetic acid above 30 to 50%) reach the upper
reticular dermis, deep peels (trichloroacetic acid > 50%, phenol) penetrate up to the lower reticular dermis.
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Superficial peelings target the corneosomes, causes increase epidermal activity of enzymes, it leads to epidermolysis
and exfoliation. Medium-depth peels cause coagulation of membrane proteins, destroy living cells of the
epidermis and, depending on the concentration, the dermis. Deep peels coagulate proteins and produce complete
epidermolysis, restructure of the basal layer and restoration of the dermal architecture. Chemical peels can be
used to treat: Fine lines around the mouth and under the eyes, wrinkles, mild scarring, age spots, sun damage,
and the overall look and feel of the skin [16,17].

Visible Light (IPL, Laser)

Nonablative skin rejuvenation is a low risk and short downtime technology which can improve aging structural
changes without disruption of cutaneous integrity. Synthesis of new collagen is induced by heat denaturalization
of dermal collagen.This is a controlled form of skin wounding aimed at achieving a more youthful appearance
after the wound heals [18]. The epidermis and superficial dermis can be selectively damaged by two basic
mechanisms: by targeting discrete chromophores in the dermis or at the dermal-epidermal junction and by
utilizing mid infrared (IR) lasers. Treatment of photo aged skin has been divided into Type I — Treatment of
ectatic (distended) vessels and erythema, irregular pigmentation, and pilosebaceous changes and Type II -
improvement of the dermal and subcutaneous senescence [19-20].

Lasers emitting light at 532-, 585-, 595-, 755-, 800-, and 1064-nm wavelengths as well as filtered light
generated by IPL systems (Intense pulse light) are used to treat vascular and/or pigment irregularities. In Type
II photo rejuvenation, Lasers emitting 1320, 1450 and 1540 nm target interstitial and intracellular water as
chromophores and pulsed dye lasers (PDL) that target oxyhemoglobin as the primary chromophore are employed.
IPL devices (non-laser high intensity light sources) is less effective comparing to laser technology for reducing
wrinkle [21].

Skin exposed to the thermal stress shows a wound healing response ultimately leading to re-epithelization and
dermal remodeling [22]. The recovery time could take up to a few weeks but the results are long lasting (up
to 5 years). Normally, several sessions are required to achieve desired results.

Botulinum Toxin (BTX)

Botulinum toxin produced by Clostridium botulinum is a neurotoxin;  there are seven different serotypes of
BTX: A, B, Cl1, D, E, F, and G. They inhibit the release of acetylcholine from the presynaptic motor neuron,
resulting in chemodenervation and paralysis of the treated muscle. Injected into the skin, they block certain
chemical signals from nerves, that cause muscles to contract. This causes muscle relaxation which smooths
the overlying skin and reduces wrinkles Over time, new nerve terminals form and create new neuromuscular
junctions with the muscle fibers, which gradually restore motor function [23].

Results can last 2—5 months. Allergic reactions to botulinum toxin are very rare [24-26].

Filler

Products injected within the wrinkled skin can fill up the void and improve its physical features. Dermal fillers
are used to plump up wrinkles, smoothen lines and restore volume in facial skin. Fillers can be made using single
active ingredient or cocktails of different compounds.

Substances normally used are collagen (bovine-derived, human-derived from tissue culture), HA (HA from
bacterial fermentation), autologous (fat, cultured human fibroblasts), synthetic or pseudo-synthetic implants
(silicone, polymethacrylate microspheres, Poly-L-lactic acid, alkyl-imide gel polymer). Improving the biosynthetic
capacity of fibroblasts, the enhancement of cell activity, increased hydration, are the main mechanisms of skin
rejuvenation by this method [27,28].

This treatment usually takes less than half an hour and recovery time is minimal. Results are seen right away
and last months to years depending on the type of filler and the location [29]. Fillers may be grouped into
temporary, semipermanent (lasting between 1-2 y), or permanent materials (lasting longer than 2 y).
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Hormone Replacement Therapy (HRT)

With age there is a progressive decrease in level of hormone. Levels of growth hormone (GH) and insulin-like
growth factor-1 (IGF-1), TSH, thyroid hormones (T3), melatonin (nocturnal), , dehydroepiandrosterone (DHEA)
estrogens and testosterone are decrease progressively. In human the main hormonal deficits are menopause,
andropause and partial androgen deficiency of the aging male. Substitution of dehydroepiandrosterone ( DHEA),
a hormone produced by adrenal glands has been proven to lead to an improvement of body condition, sexual
activity, bone density, and well-being [30,31].

Autologous Platelet-Rich Plasma (PRP)

Autologous Platelet-rich Plasma (PRP) has proven to have effect on skin rejuvenation. PRP is derived from fresh
whole blood, which contains a high concentration of platelets. Various growth factor (GF) including platelet-
derived growth factor (PDGF), transforming growth factor (TGF), vascular endothelial growth factor (VEGF),
and insulin-like growth factor (IGF), are secreted from the concentrated platelets activated by aggregation
inducers. PRP may induce the synthesis of collagen and other matrix components by stimulating the activation
of fibroblasts, thus, rejuvenating the skin. However, the molecular mechanisms underlying PRP-inducing wound
healing processes are still largely unknown and experimental studies confirming the effects of PRP on aged
fibroblasts are very limited [32,33].

Conclusion

Ageing is a normal physiological processes which can’t be altered but extrinsic factors can be controlled through
change in lifestyle and cosmetics. Several moderately invasive procedures are also in use which can reverse the
skin —aging to a certain extent. Technologies involving tissue engineering shows the promise of a more permanent
solution.
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Abstract :

Menstruation is the periodic, well-ordered sloughing of the uterine lining, in response to the
interactions of hormones produced by the hypothalamus, pituitary, and ovaries. The median duration
of a menstrual cycle is 28 days with most cycle lengths between 25 to 30 days. Patients who
experience menstrual cycles that occur at intervals less than 21 days are termed polymenorrheic,
while patients who experience prolonged menstrual cycles greater than 35 days, are termed
oligomenorrheic. The typical volume of blood lost during menstruation is approximately 30 ml.
Polycystic Ovarian Syndrome (PCOS) is one of the most common hormonal disorders among
women in the reproductive age. PCOS is commonly diagnosed in women presenting with infertility.
According to American College of Obstetricians and Gynaecologists, common signs of polycystic
ovary syndrome (PCOS) are irregular menstrual period, infertility, obesity, excess hair growth on
the face, chest, abdomen, or upper thighs, Severe acne or acne that occurs after adolescence and
does not respond to usual treatments, oily skin, patches of thickening, velvety, etc. The present
study aimed to find out the prevalence of the different symptoms of Polycystic Ovary Syndrome
among females in the age group of 18-30 years. The study was an observational descriptive study
based on pre-tested questionnaire. Data collected through online questionnaire were put in Microsoft
Excel Worksheet (Microsoft, Redwoods, W. A., USA.) and they were checked for elimination
errors. Prevalence of different symptoms of PCOS were determined and judged through Bar Graphs
along with frequency tables. All the statistical analysis was performed by SPSS software (Statistical
Package for Social Sciences version 20.0). The study revealed that 14.9% females have irregular
menstrual cycle among the participants, 28.4% females have experienced sudden weight gain,
48.6% females have experienced trouble to lose weight, 40.5% females have acne problems whereas
27% experience acne problems sometimes, 28.4% females have experience excessive body hair
growth, 27% females always have unexplainable mood swings & 62.2% sometimes have
unexplainable mood swings, 55.4% females always have excessive hair loss or hair thinning, 48.6%
females feel fatigued mostly and 14.9% have an altered menstrual cycle of 33 days or more. The
prevalence of the symptoms of PCOS has been evidently found in the study population in varying
proportions.

Keywords - PCOS, Menstrual Cycle, Symptoms; PCOS.

Introduction

Menstruation is the periodic, well-ordered sloughing of the uterine lining, in response to the interactions of
hormones produced by the hypothalamus, pituitary, and ovaries [5]. The menstrual cycle may be divided into
two phases: follicular or proliferative phase and the luteal or secretory phase. The length of a menstrual cycle
is the number of days between the first day of menstrual bleeding of one cycle to the onset of menses of the
next cycle. The median duration of a menstrual cycle is 28 days with most cycle lengths between 25 to 30 days
[8]. Patients who experience menstrual cycles that occur at intervals less than 21 days are termed polymenorrheic,
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while patients who experience prolonged menstrual cycles greater than 35 days, are termed oligomenorrheic.
The typical volume of blood lost during menstruation is approximately 30 mL [2]. Any amount greater than 80
mL is considered abnormal [2]

Polycystic Ovarian Syndrome (PCOS) is one of the most common hormonal disorders among women in the
reproductive age. PCOS is commonly diagnosed in women presenting with infertility [4]. The exact prevalence
of PCOS is still not known as the syndrome is not precisely defined [4]. There are a few studies conducted in
India. In a cross- sectional study conducted in Mumbai among adolescent and young girls reported prevalence
of PCOS 22.5% by Rotterdam and 10.7% by Androgen Excess Society criteria. [3]

Polycystic ovary syndrome (PCOS) was first reported in modern medical literature by Stein and Leventhal who,
in 1935, described seven women suffering from amenorrhea, hirsutism, and enlarged ovaries with multiple cysts [6].

According to American College of Obstetricians and Gynaecologist Common signs of polycystic ovary syndrome
(PCOS) include the following :

* Irregular menstrual periods—Menstrual disorders can include absent periods, periods that occur
infrequently or too frequently, heavy periods, or unpredictable periods [1].

* Infertility—PCOS is one of the most common causes of female infertility [1].
e Obesity—As many as 4 in 5 women with PCOS are obese [1].

* Excess hair growth on the face, chest, abdomen, or upper thighs—This condition, called hirsutism,
affects more than 7 in 10 women with PCOS [1].

* Severe acne or acne that occurs after adolescence and does not respond to usual treatments [1].
e Oily skin [1].
» Patches of thickened, velvety, darkened skin called acanthosis nigricans [1].

e Multiple small fluid-filled sacs in the ovaries [1].

The symptoms of PCOS may vary from woman to woman [4]. The cause of PCOS is unknown but most experts
suggest that the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>