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Chapter

Natural Polymers as Potential 
Antiaging Constituents
Pranati Srivastava and Syed Abul Kalam

Abstract

Active pharmaceutical ingredients and pharmaceutical excipients are the core of 
any pharmaceutical preparation. API’s are responsible for the therapeutic activity 
while excipients are non-pharmacological ingredients which are used in the manu-
facturing of pharmaceutical preparations. As we know that some polymers have 
thickening property, also the water based formulations are fluid in nature therefore 
in order to change the rheology of such formulations various polymers are used. 
These polymers act by increasing the viscosity of formulations. Starch, guar gum, 
alginates, pectin, gelatin, agar, carrageenan, cellular derivatives are the examples of 
natural polymer that are used to increase the viscosity of water based formulations 
meant for topical application. The present review deals with the use of such natural 
polymers as constituents of anti-aging formulations. As is well-known that aging is 
a natural process in which rate of production of new cells reduces while the rate of 
degradation of old cells increases because the normal physiology of body changes and 
free radicals produced by mitochondria as a byproduct and are oxygen containing 
highly reactive molecules. The antiaging preparations basically neutralize the effect 
of free radicals and protect our cell from premature degradation. On a contrary note, 
the already in use synthetic polymers have adverse effect on human body as well as on 
environment. It is well advocated in various researches that natural polymers have no 
or less side effects in comparison to synthetic polymers, giving them a positive lead 
for incorporation to various antiaging formulations. The present review gives a deep 
insight on the nature of polymers used over ages, there applications and incorporation 
into different cosmeceuticals. It also discusses the process and mechanism of aging 
and the phenomenon by which cell damage can be overcome. Finally, the authors have 
concluded with the upcoming scenario of the use of naturally derived polymers in 
various skin care preparations.

Keywords: polymers, antioxidant, aging, free radicals, antiaging agents

1. Introduction

Polymers are non-pharmacological agents and use as excipients. They possess 
special properties and are used in site targeting, taste masking and to increase 
patient compliance [1].

Herman Staudinger, Nobel Prize winner (1953) German scientist coined the 
term “Macromolecules” in reference to Polymer [2].

The word ‘Polymer’ is derived from the Greek word and is made up of two words 
‘Poly’ and ‘meros’. Poly means ‘many’ and meros (Mers) mean ‘parts or units of 
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high molecular mass’. Polymer molecule consists of a large number of repeated units 
of monomers by covalent bonds. The monomer is a single structural unit while the 
polymer is macromolecule.

• Monomer = single structural unit.

• Dimer = two repeated units of monomer.

• Polymer = more than two repeated units of monomers [3].

Polymerization is a chemical process through which two or more than two 
monomers are attached together and formed a macromolecule (polymers) in which 
there is repeated units of monomers.

2. Ideal properties of polymers

1. It should be inert and compatible with environment.

2. It should be non-toxic.

3. It should be easily administered.

4. It should be easy and inexpensive to fabricate.

5. It should have good mechanical strength.

6. It must be compatible with body fluids.

7. It should have no pharmacological action [7].

3. Types of polymer

3.1 On the basis of source

1. Natural polymer

2. Semisynthetic polymer

3. Synthetic polymer

Natural polymers: Natural polymers or herbal polymers obtained from nature 
mean they are obtained from plants and animals. If they are obtained from plant 
then they are known as “herbal polymers” (Table 1).

Example: starch, protein, cellulose.

Semisynthetic polymer: These polymers are prepared by chemical process in 
which natural polymers are used as raw material.

Example: silicones, cellulose derivatives.

Synthetic polymers: These are pure synthetic material and are prepared by chemi-
cal process called polymerization.

Example: polyethylene, synthetic rubbers, nylon, etc.
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3.2 On the basis of structure

1. Linear polymers

2. Branched polymers

3. Cross linked polymers

Linear polymers: In this, monomers are arranged in a straight-line chain.
Example: PVC.

Branched polymers: In this, there is also a long straight chain, but small monomer 
chains are attached to this large straight chain.

Example: low density polymers.

Cross-linked polymers: These types of polymers look like a network in which 
polymeric chains are cross linked with each other [2–6].

4. Advantages of natural polymer over synthetic polymer

1. All synthetic polymers are produced by chemical process so they causes 
adverse effect on environment as well as human being while natural polymers 
are produced from natural origin i.e. plants and animals and do not have any 
adverse effect.

Sr. 

no.

Natural 

polymer

Source Properties Reference

1 Starch Potatoes, maize, rice, wheat, etc. Act as disintegrant

Act as binder

[15–17]

2 Guar gum Guar beans Thickening properties

Stabilizing properties

[15, 18–22]

3 Alginates Present in cell wall of brown algae Thickening properties [23–27]

4 Pectin Present in cell wall of terrestrial 

plants

Thickening properties

Stabilizing properties

[28–32]

5 Gelatin Obtained from animal body parts 

like bone and skin

Used as a carrier, coating 

or separating agent

[33–37]

6 Agar Present in cell wall of Algae 

Agarophyte

Thickener, laxative, 

appetite suppressant

[15, 38]

7 Carrageenan Extracted from red edible sea 

weeds

Thickening properties

Stabilizing properties

Binding property

[19, 39–41]

8 Tragacanth Dried gum obtained sap of 

several species of genus Astragalus

Thickening properties

Stabilizing properties

Binding property

[42]

9 Cellulose Present in cell wall of green 

plants, algae and Oomycetes

Thickening properties

Stabilizing properties

[8–12, 

43–45]

10 Psyllium Seeds of Plantago Thickening properties

Production of mucilage

[46, 47]

Table 1. 
Natural polymers along with their source and properties.
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2. The production cost of natural polymer is less than synthetic polymers.

3. Natural polymers are non-toxic and safe for human use as well as for envi-
ronment while synthetic polymers are pure chemicals they are not as safe as 
natural polymer.

4. Natural polymers are produced by many countries because of their demand in 
industries due to their less/no side effect and they are produced in the form of 
herbs so production is economic [13].

5. Drawbacks of natural polymers

1. The chemical constituent present in natural polymer is affected by various 
factors like climate or geographical conditions, availability of nutrition, so 
difference in the chemical constituent in each batch is possible.

2. During production they are directly exposed to environment so risk of micro-
bial contamination is very high.

3. In order to protect herbs from pests various pesticides like DDT are used which 
is harmful for human being.

4. Herbal polymers are produced by different herb so rate of growth of herb is 
affected by the environment, altitude, humidity, availability of nutrition, etc.

5. Herbal polymers may adulterated by similar looking herbs so validation is 
required.

6. The chemical constituent present in herb may be extracted out previously so 
validation/standardization of herbs is required [13, 14].

6. Applications of polymers in pharmacy

1. Polymers are used to mask the taste and odor of bitter taste of the drug.

2. Enteric coated polymers are useful in the site specific drug delivery.

3. In controlled release drug delivery system, the reservoir containing drug 
separated from the biological fluids by a water insoluble polymeric film.

4. Sometimes drugs are coated with hydro-swellable polymers for prolonged 
released.

5. To protect the drug from the acidic environment of the stomach, the water 
insoluble polymer material is used. Example: ethyl cellulose.

6. Biodegradable polymers are used to make matrix systems in which drug is 
incorporated in controlled release drug delivery system.

7. Polymers also used as binder (example: ethyl cellulose, HPMC, etc.) and 
disintegrant (example: PVP, starch, sodium CMC) in tablet manufacturing.
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8. Polymers are used as diluents to increase the mass for tablet compression.

9. In order to modifying drug release polymers may be coated with polymeric 
film. The thickness of film is 10–100 mm.

10. Various hydrophilic polymers are used for enhancing physical stability of 
pharmaceutical disperse system. Example: alginate, PVP, etc.

11. Drug polymer conjugates are used to alter the pharmacokinetic of drug and 
ultimately improving bioavailability. This strategy is also used in the treatment 
of cancer [8–12].

7. Aging process

Aging is a natural process in various changes occurs in normal physiological 
process and ultimately increases the risk of disease and death of cell, tissue and 
organ (Table 1).

One of the major causes of aging process is the cellular damage that causes 
the shortening of DNA, leading to the process called apoptosis. Apoptosis is a 
process in which cell is programmed to be death in given life spam. This pro-
cess is important when we realized that each cell contain genetic material and 
mitochondria or power house of cell. As we know that mitochondria serves as 
an energy generator during normal cell process and free radicals are produced a 
byproduct and these free radicals damage DNA and creating DNA fragments and 
triggers cell to apoptosis.

As time passes the more free radicals damages more DNA and fragments 
increase the process of cell apoptosis and our body cannot generate cells faster 
enough to maintain or compensate loss, so in older age we have very thin skin in 
comparison to young age.

In another process, the cellular down-regulation of enzymes such as superoxide 
dismutase, catalase and glutathione peroxide which are natural oxidative enzymes 
which making our antioxidant defense lesser efficient with age.

As we grow with age, the process of cellular reproduction increases and body 
creates non-functional cells along with functional cells, leading to rapid deterio-
ration of the body’s function. As we grow with age, the more numbers of useless 
cells are formed which interfere with normal cellular processes and leading to the 
aging process.

Free radicals: Free radicals produced by mitochondria as a byproduct and are 
oxygen containing highly reactive molecules with single electron in the outermost 
orbital that are very eager to pair up with anything else that has electrons. The life 
span of free radical is one-millionth of a second. Free radicals attack on cell’s DNA 
and destroy cell prematurely and during young age out antioxidant defense system 
protect the cell from free radicals but as we grow this system weekend and not be 
able to work efficiently [48, 49].

7.1 Theories of aging

1. Genetic theory

2. Non-genetic theory
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3. Error theory

4. Wear and tear theory

5. Cross linking theory

6. Autoimmune theory

7. Oxidative damage theory

7.1.1 Genetic theory

This theory demonstrates that gene of an animal or human being contains a 
‘program’ of life span. The genetic theory of aging focuses on telomeres which are 
repeated units deoxyribonucleic acid and are present at the end of chromosome. The 
number of repeats in a telomere defines the life span of a cell, and multiple repeats 
are lost when each time a cell divides. When telomere has been reduced to a certain 
size, the cell reaches at a stage where it is prevented from further dividing, at this 
stage cell die.

7.1.2 Non-genetic cellular theory

According to this theory accumulation of harmful substance in the cells lead to 
aging process. Lipofuscin a dark colored insoluble substance that is accumulates day 
to day. This cellular garbage or cellular waste interferes with the physiology of cells 
and ultimately lead to death of the cell.

7.1.3 Error theory

Sometime during RNA transmission process a mutant protein or enzyme is 
produced which is not the exact same copy of original then it is not be able to work 
well in maintaining life, as a result cell grows and die. As we know that RNA are 
unstable molecules and formed continuously while DNA are stable molecules and 
maintained throughout the lifespan of cell and tissue.

7.1.4 Wear and tear theory

Changes in the internal and external environment of the cell cause cell damage 
and cell will not work their function efficiently. As time passes, changes in the more 
numbers of the cell functioning lead to change the normal physiology of body and 
lead to aging and death.

7.1.5 Cross linkage theory

As time passes deoxyribonucleic acid, different molecules and structural 
molecules develop a cross-linking with each other. These unwanted links/bonding 
decrease the mobility and elasticity of proteins and other molecules as a result 
molecule will not work efficiently. This cellular damage stick surround and can 
cause problems and cross linking appears when weakened immune system is 
unable to clean up the unwanted glucose in the blood. These sugar molecules react 
with adjacent neighbor and can cause cross-linking and lead to formation of free 
radicals.
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7.1.6 Immunological theory

Immune system protect our body from different pathogens, disease, etc. they 
act by producing antibody against antigen and they also act engulfing and digest 
foreign cell by phagocytosis.

As time passes and we get older out body losses the ability to differentiate 
between own cells and foreign material and then immune system sometime 
destroying own cells along with foreign particles.

7.1.7 Oxidative damage theory

Denham Harman proposed free radical theory of aging in 1950s and accord-
ing to this theory oxygen free radicals formed during normal metabolic process 
just because of lot of oxidative damage to macromolecules. This theory is further 
modified and a new theory came in existence that is ‘Oxidative Stress Theory of 
Aging’. According to this theory oxygen species like peroxide and aldehyde are not 
technically free radicals but they play an important role in oxidative damage to cell. 
As age passes the imbalance between proxidant and antioxidant leads to an accumu-
lation of oxidative damage in variety of macromolecules and cause failure of normal 
cellular process and leading to aging [49, 50].

8. Topical anti-aging agent

Antioxidant and cell regulators are the main agents which are used for antiag-
ing action. Antioxidants such as ascorbic acid, polyphenols and flavonoids reduces 
the collagen degradation by reducing the concentration of free radicals, while cell 
regulators (retinol, peptide, growth regulators) affect the collagen metabolism and 
stimulate collagen production.

Ascorbic acid, tocopherol, niacinamide is low molecular weight antioxidant and 
they have the ability to penetrate skin. l-Ascorbic acid is water soluble photosensi-
tive substance having anti-aging action at the concentration of 5–15% and act by 
inducing the production of collagen 1 and collagen 3. Several enzymes are also 
important in the production of collagen.

The combination of vitamin E and vitamin C is more effective in comparison to 
individual effect of vitamin E and vitamin C.

8.1 Niacinamide (B3)

Vitamin B3 regulates the cellular physiology such as metabolism and regenera-
tion and is effective as anti-aging agent at concentration 5%. A result comes from 
clinical study that elasticity, erythema and pigmentation of study were improved 
after topical application for 3 months.

8.2 α-Tocopherol (vitamin-E)

Vitamin E is used in the cosmetic cream because of its anti-inflammatory and 
anti-proliferative activity at the concentration 2–20%. Vitamin E smoothing the 
skin and act by increasing the cell’s ability to maintain humidity and accelerate the 
process of epithelialization and protect the skin from sunlight but it is not as such 
effective as combination of vitamin C and vitamin B3.
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Some botanicals such as isoflavones from soya and topical application of green 
tea polyphenols decreases the number of langerhans cells and reduces deoxyribo-
nucleic acid damage in skin.

Cell regulators such as retinol derivatives (retinaldehyde and tretinoin), 
polypeptides and botanicals act by affective collagen metabolism and increase the 
production of collagen and elastic fibers.

Retinol and its derivative such as retinaldehyde and tretinoin are antioxidant 
and have anti-aging action. They stimulate the synthesis of collagen and reduce 
the expression of matrixmetaloproteinase-1. Retinol is most commonly used 
topical cosmetic preparation in comparison to tretinoin because it causes less 
irritation.

Tretinoin is the nonaromatic retinoid of the first generation and is approved by 
United States for topical application as an anti-aging treatment at the concentration 
of 0.05%. It is used for the treatment of wrinkles, ultra violet induced skin aging, 
pigmentation and loss of skin elasticity.

Polypeptides also have a capacity to stimulate collagen synthesis and activate 
dermal metabolism [51–53].

9. Types of antioxidant

Three types of anti-oxidant found in nature i.e. phytochemicals, vitamins and 
enzymes. Potent anti-oxidants are found in plants because plants are exposed to 
ultra violet light throughout of the day. Plants generate high quantity of free radicals 
but they do not cause cellular damage, because they are protected by naturally 
occurring anti-oxidant defense system.

9.1 Anti-oxidant enzymes

These enzymes are basically antioxidant and are synthesized in human body 
when eat proteins and minerals as our daily diet. The examples of these enzymes are 
superoxide dismutase, glutathione peroxide, glutathione reductase and catalases. 
They require co-factors such as iron, copper, selenium, magnesium and zinc for 
anti-oxidant activity.

9.2 Anti-oxidant vitamins

Human body is not able to synthesize or produce these anti-oxidant vitamins 
naturally but they require for maintaining normal physiology and health, so we take 
these vitamin in our daily diet. Retinol, l-ascorbic acid, α-tocopherol, folic acid and 
beta-carotene are the examples of anti-oxidant vitamins.

Retinol is important in tissue repair, for eye health, for improving immune 
system as well as for improving cholesterol level. l-Ascorbic acid protects our 
skin from ultra violet light damage and it stimulates immune system by providing 
resistance from infection and helps in regulating cholesterol level.

α-Tocopherol play an important role in maintaining health of blood vessels and 
it also improve the skin condition by protect the cell’s membrane. Folic acid is useful 
in the process of erythropoiesis.

Various phytochemicals such as carotenoid provide protection against singlet 
oxygen and free radicals. These carotenoids are found in orange-colored vegetables 
like carrot as well as in dark green vegetables like kale, etc.
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9.3 Anti-oxidant phytochemicals

Phytochemicals are natural anti-oxidant and they are found in plants and used 
by plants in order to protect themselves from free radicals. Phytochemicals are nat-
urally fount in whole foods like whole grains, fruits and vegetables. Phytochemicals 
may be dividing into following category.

1. Carotenoids

2. Flavonoids

3. Polyphenols

4. Allyl sulfides [54]

10. Natural anti-oxidant in human body

As we know that free radicals attack on DNA and interferes with normal physiol-
ogy of cell and to protect DNA from these attacks a series of defense mechanism is 
developed by body. Anti-oxidant act at different levels and by different mechanism 
in the defense system such as preventive mechanism, radical scavenging and repair 
and adaptation (Table 2).

1. First line of defense

2. Second line of defense

3. Third line of defense

4. Fourth line of defense

10.1 First line of defense

Preventive oxidants are the first line of defense and they act by suppressing the 
formation of free radicals. Catalase (CAT), glutathione peroxide (GPx) and super-
oxide dismutase (SOD) are the examples of enzymatic oxidants.

10.2 Second line of defense

In second line of defense include retinol, α-tocopherol, uric acid, bilirubin, 
albumin and thiols. This anti-oxidant scavenges the active radicals and breaks the 
chain propagation reaction and suppresses chain initiation.

10.3 Third line of defense

Third line of defense includes proteolytic enzymes, proteinases and peptidases 
present in the cytosols and in the mitochondria of mammalian cells, etc. they act by 
repair deoxyribonucleic acid.
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10.4 Fourth line of defense

Fourth line of defense include adaptation, in this signals for the production and 
reaction of free radicals induce the formation of antioxidant and they also transport 
the suitable antioxidant to the right place.

Various types of natural antioxidant fount in nature and they are differ in their 
specifications, mechanism of action and their composition, etc. [55–59]

11. Enzymes

These enzymes act as antioxidant and act by converting reactive oxygen species 
and reactive nitrogen species into stable compound and is important in the repair-
ing of damaged DNA, Proteins and oxidized peroxides.

11.1 Superoxide dismutase (SOD)

Superoxide dismutase catalyzes the breakdown of superoxide anion into hydro-
gen peroxide and oxygen. These enzymes are present in aerobic cells as well as in 
extra cellular fluids. In plants, superoxide dismutase are present in chloroplast, 
peroxisomes and apoplast in cytosol, while in human body superoxide dismutase-1 
present in cytoplasm and superoxide dismutase-2 in mitochondria and superoxide 
dismutase-3 in extracellular [59–64].

11.2 Catalase

Catalase is an enzyme and present in almost all living organism which are 
exposed to oxygen and its function is to catalyze the decomposition of hydrogen 
peroxide into water and oxygen. As we know that hydrogen peroxide is harmful 
substance and produced by various metabolic processes and to prevent damage 
from hydrogen peroxide, catalase converts the hydrogen peroxide into water and 
oxygen [65].

11.3 Glutathione

Glutathione is a cysteine containing peptide found naturally in aerobic organism 
and it is not required in daily diet because it is synthesized in cells from amino acids 
[66]. Thiol group in its cysteine moiety of glutathione is responsible for antioxidant 
activity. Glutathione is one of the most important cellular antioxidant enzymes 
which present in high concentration and play an important role in maintain redox 
state of cell [67].

11.4 High molecular weight compounds

Metal catalyzed free radicals production is restricted by few high molecular 
weight compounds like albumin, transferrin, ceruplasmin, etc. [68]

11.5 Low molecular weight compound

Low molecular weight compounds like Tocopherol, quinines, bilirubin are  
lipid soluble antioxidant while ascorbic acid, uric acid are water soluble 
 antioxidants [69].
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11.6 Minerals

Selenium, copper, manganese, zinc are mineral antioxidants. Copper shows 
antioxidant activity through SOD while zinc is necessary for normal growth and 
reproduction of body [70].

11.7 Vitamins

Vitamins re organic molecules and essential for normal growth of body and 
helpful in maintain normal physiology of body. Retinol, ascorbic acid and tocoph-
erol are popular antioxidant agent [71, 72].

11.8 Ascorbic acid

l-Ascorbic acid or vitamin-C is a monosaccharide antioxidant found in animals 
as well as in plants e.g., citrus fruits. Human body is not able to synthesize vitamin-
C, so it is taken in food as regular diet. Inside the cell, it is maintained in its reduced 
form by reacting with glutathione, which further catalyzed by protein disulfide, 
glutaredoxins and isomerase [73].

Actually vitamin-C is a reducing agent and can reduce, thereby neutralize reac-
tive oxygen species, such as hydrogen peroxide [74].

11.9 Tocopherol and tocotrienols

Vitamin E is fat soluble vitamin with antioxidant properties, and a collective set 
of eight related tocopherol and tocotrienols [75]. α-Tocopherol is one of the most 
important lipid soluble antioxidant and it protect the cell membrane from oxidant 
by reacting with lipid radicals which are formed in lipid peroxide chain reaction 
[76]. These free radical intermediates are then removed and prevents the propaga-
tion reaction from continuing. In this reaction oxidized α-tocopherol radicals are 
formed which recycled back to the active reduced form through reduction reaction 
by other antioxidants such as vitamin-A, etc. [77]

11.10 Melatonin

Melatonin is produced by the pineal gland and have bleaching action on skin 
pigment i.e. melanin. Melatonin is used as a protective agent against various pro-
cesses and agents which damage the tissue via free radicals. Melatonin is found in 
all living organism. As we know that melatonin is a naturally occurring hormone 
and chemically is N-acetyl-5-methoxytryptamine [78] and found in animals and 
in algae [79].

Melatonin is highly lipophilic in nature and having an ability to cross vari-
ous barriers like cell membrane as well as highly selective barriers like BBB [80]. 
Melatonin also known as ‘suicidal anti-oxidant’ because it cannot be recycled when 
it reduced to its former state [81].

11.11 External anti-oxidant

As we know that our body is programmed to generate own antioxidants to 
protect life but body is also designed to fight inflammation, disease and toxins 
naturally. In order to support these internal antioxidant systems we also take some 
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external antioxidant in our diet as regular meal. External antioxidant include 
vitamins and some specific food products, etc.

Peoples who eats fresh fruits and vegetables regularly have lower risk of health 
loss. Some heart disease is also prevented by taking tocopherol as nutritional 
supplement [82].

Nutritional supplement include specific antioxidant chemicals like polyphenol, 
resveratrol and some other minerals and vitamins. Spices like turmeric, coriander, 
cumin, fennel also have medicinal properties. Food and part of foods which provide 
medicinal benefit known as “Nutraceuticals”. These nutraceuticals also helpful in 
maintaining normal physiology of body [83] (Table 2).

Sr. 

no.

Antiaging 

agent

Source Mechanism of action Reference

1 Retinol Eggs, dairy products, cod 

liver oil, cheese, liver, 

butter, etc.

Act by inducing the production 

of collagen-1 and collagen-2

[71]

2 Tocopherols Olive oil, almond oil, 

sunflower oil, peanut oil, 

oats, goat’s milk, almonds, 

poppy seed oil, carrots 

and asparagus, etc.

It act by smooth the skin and 

increase the ability of stratum 

corneum to hold humidity 

and increase the process of 

epithelial cell formation

[76]

3 Ascorbic acid Orange, lemon, 

strawberry, apple, 

carrot, pear, grape fruits, 

pine apple, banana and 

avocado, etc.

It act by neutralizing reactive 

oxygen species such as 

hydrogen peroxide

[74]

4 Hydroxy acid Pine apple, lemons, grape 

fruits, papaya, tomato 

and plain yogurt, etc.

It act by removing old dead 

skin and promote formation of 

new skin

[84]

5 Co-enzyme 

(ubiquinone)

Red meat, soybean oils, 

rapaseed oils, sesame oils, 

oily fish like tuna and 

salmon, etc.

Act by neutralizing free 

radicals and increase the 

production of collagen

[85]

6 Tea extract Leaves of green and black 

tea e.g. Camellia sinensis

Polyphenols present in tea act 

by reduce the formation of free 

radicals

[86]

7 Grape seed 

extract

Seeds of grapes Grape seeds contain 

phytochemicals like gallic 

acid, catechin, and epicatechin 

and these phytochemicals are 

useful in the production of 

antioxidative supplements

[87]

8 Niacinamide Sword fish, tuna fish, 

white meat, corn, green 

vegetables, grains, yeast, 

etc.

Maintain moisture content 

in skin as well as regulate cell 

regeneration

[88]

9 N-acetyl 

glucosamine

Shells of crabs, shitake 

mushroom, shark 

cartilage, dumontiaceae 

(red Japanese algae)

Act by improving skin 

moisturization

[89]

10 Peptides Milk, eggs, grain, soybean 

etc.

It act by increasing collagen 

production and inhibit the 

breakdown of collagen

[90]

Table 2. 
Antiaging agents, natural source along with their mechanism of action.
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12. Role of polymers in anti-aging preparations

1. As thickeners

2. As structuring agent

3. In hair products

4. As delivery system

12.1 As thickeners

As we know that some polymers have thickening property and water based 
formulations are fluid in nature and in order to change the rheology of these formu-
lations these polymers are used. These polymers are used to increase the viscosity of 
these formulations.

12.1.1 Natural thickeners

Starch, guar gum, alginates, pectin, gelatin, agar, carrageenan, cellular deriva-
tives are the examples of natural polymer that are used to increase the viscosity of 
water based formulations.

12.1.2 Synthetic thickeners

Polyacrylate derivatives, polyacrylamide are most commonly used synthetic 
polymers in cosmetic industry.

12.1.3 Role of natural polymers as thickening agent in antiaging preparations

Thickening agent or thickener is a substance which are used to increase the 
viscosity of fluid.

12.1.4 Xanthan gum

Xanthan is a polymer and consist of a repeating units of pentasaccharides (two 
d-glucopyranosyl unit, two d-mannopyranosyl unit and one d-glucopyranosylu-
ronic unit). It is a free flowing powder and gives a viscous solution in hot as well as 
in cold water even at low concentration. It is widely used in cosmetic, toothpaste as 
well as in antiaging preparations.

12.1.5 Pectin

Pectin is obtained from various citrus peels like orange peel and other peels of 
various family but citrus peels have highest concentration i.e. 20–30%. In pharma-
ceutical industry pectin is used as binding agent in tablets as well as used to increas-
ing the viscosity of fluids.

12.1.6 Carrageenan

It is obtained from the various species of red seaweed of class Rhodophyceae like 
Chondrus crispus, Eucheuma cottonii.
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Carrageenan is used in the manufacturing of shells of soft and hard gel capsules 
as substitution of gelatin. Carrageenan is also used to increase the viscosity of 
formulations which are liquid in nature.

12.1.7 Guar gum

The botanical source of guar gum is Cyamopsis tetragonoloba. The composition 
of guar gum is sugar galactose and mannose. It is used as stabilizer, thickening 
agent in liquid formulation and as a binder and disintegrant in solid dosage form 
i.e. tablet [1].

12.2 Structuring agent

In order to add rigidity natural and synthetic waxes, lanolin, long-chain fatty 
alcohols and triglycerides are used. Poly α olefin is used in the preparation of lip 
products. Glycol stearates is used as opacifier, which gives a pearlizing  
affect.

12.3 In hair products

Cationic polymers are used in hair products since hair is negatively charged.

12.3.1 Natural polymers in hair product

Polysaccharides (starch and cellular derivatives), natural gums and hydrolyzed 
proteins are used as natural polymer in hair product.

12.3.2 Synthetic polymers in hair product

Silicones, polyurethanes, poly vinyl amides, poly vinyl pyrrolidone and acetate 
polyurethanes are the examples of synthetic polymers.

12.4 Delivery system

Sometime polymers are used as a carrier to deliver active pharmaceutical agent 
i.e. antioxidant. Natural antioxidant include ascorbic acid, tocopherols, grape 
seed extract along with synthetic extract like butylated hydroxyl anisole/butyl 
hydroxyl toluene. E.g. polyanhydride ester is used as a carrier to deliver salicylic 
acid (anti-acne agent) [91, 92] (Table 3).

13. Conclusion

The attitude and lifestyle of society changes from last decades and they are 
more conscious for their health and appearance due to this change various new 
antiaging formulations are introduced in market. Antiaging formulations generally 
contain antioxidants and vitamins like vitamin-E (tocopherol), ascorbic acid, etc. 
The cosmetic industry is one the growing industries in the India, not even in India 
but throughout the world. Various new formulations like creams, face washes, face 
pack, emulsions are introduced day by day. As we know that synthetic chemicals 
show various side effects on human body, due to this peoples prefer polyherbal 
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Sr. 

no.

Work done Formulation Polymer used Author Year Reference

1 Formulation and evaluation of natural 

antioxidants creams comprising methanolic peel 

extract of Dimocarpus longan

Cream Stearic acid Alifah Ilyana et al. 2016 [93]

2 Formulation and characterization of herbal face 

wash/scrubber

Face wash Carbopol 940 D.K. Sanghi et al. 2016 [94]

3 Formulation and evaluation of herbal vanishing 

cream

Cream Stearic acid Dr. Satyanarayan et al. 2016 [95]

4 Formulation and evaluation of polyherbal face 

wash gel

Face wash Carbopol X. Fatima grace et al 2015 [96]

5 Preparation and evaluation of turmeric herbal 

formulation

Cream Stearic acid Ramya Kuber et al. 2015 [97]

6 Formulation and in-vitro evaluation of the topical 

antiaging preparation of the fruit Benincasa 

hispida

Cream Methyl Cellulose Vidya Sabale et al. 2015 [98]

7 Antiaging activities of polysaccharides from 

Athyrium multidentatum (Doll.) Ching

Paste Protein Dongmei Liu et al. 2015 [99]

8 A novel Cassia fistula (L.)-based emulsion elicits 

skin anti-aging benefits in human

Cream Stearic acid Barkat Ali Khan et al. 2015 [100]

9 Development and evaluation of antimicrobial 

herbal cosmetic preparation

Cream Stearic acid Sonika Pandey et al. 2014 [101]

10 Formulation and evaluation of polyherbal 

cosmetic cream

Cream Stearic acid X. Fatima grace et al 2014 [102]

11 Promotion and computation of inhibitory 

effect on tyrosinase activity of herbal cream by 

incorporating indigenous medicinal plant

Cream Stearic acid Amit Roy et al. 2014 [103]
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Work done Formulation Polymer used Author Year Reference

12 Formulation and evaluation of herbal antioxidant 

face cream of nordostachys collected from Indian 

Himalayas region

Face cream Stearic acid Priyanka Tiwari et al. 2014 [104]

13 Formulation and development and compositions 

comprising arbutin, tretinoin and triamcinolone

Cream Stearic acid V. Muruganantham et al. 2014 [105]

14 Formulation and evaluation of antiaging poly 

herbal cream

Cream Methyl cellulose, 

microcrystalline cellulose, 

sodium alginate

Santhosh Aruna et al. 2014 [106]

15 Formulation and evaluation of antiwrinkle activity 

of cream and nano emulsion of Moringa oleifera 

seed oil

Cream and nanoemulsion Stearic acid Asma Shaheda et al. 2014 [107]

16 Development of antiaging cream from chicken 

feather

Cream Keratin Kausar et al. 2014 [108]

17 Preparation of antiaging collagen face mask Face mask Soluble starch, sodium 

carboxy methyl cellulose

Zibin Shu et al. 2014 [107]

18 Preparation and evaluation of polyherbal cosmetic 

cream

Cream Stearic acid Ashish Aswal et al. 2013 [109]

19 Formulation and development of whitening 

polyherbal cream

Cream Stearic acid Sahu R.K. et al. 2012 [110]

20 Formulation and development of face cream 

containing natural products.

Cream Stearic acid Sahu R.K. et al. 2012 [111]

21 Formulation and evaluation of herbal cream 

containing Curcuma longa

Cream Stearic acid Sujith S. Nair et al. 2012 [112]

22 Formulation and evaluation of curcuminoid based 

herbal face cream

Cream Saric acid Sahu Alakh N. et al. 2011 [113]

23 Formulation and evaluation of Cyperus rotundus 

and Cucumis sativus based herbal face cream

Cream Stearic acid Shailini Sharma et al. 2011 [114]
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24 Formulation and evaluation of herbal cosmetic 

preparation using safed musli

Cream Stearic acid V.V. Painthankar et al. 2010 [115]

25 Formulation and evaluation of cream of 

Azadirachta indica leaves extract on skin renewal 

rate

Cream Stearic acid Kamlesh J. et al. 2009 [131]

Table 3. 
Natural antiaging agent reported till date.
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formulations which contain antioxidant along with natural polymers. Polymer in 
antiaging formulations serve as a thickening agent like guar gum, pectin etc. and as 
a structuring agents.

Polymers non-pharmacological agents and used as an ingredient in various 
formulations. Natural and synthetic both polymers are used in pharmaceutical 
industry but because of the side effects of synthetic polymers, the attitude of the 
people changed and they prefer natural polymers containing antiaging formula-
tions. The demand of natural polymer containing antiaging agents increases day by 
day, this change causes change in manufacturer to use herbal polymers instead of 
synthetic polymers.

Author details

Pranati Srivastava* and Syed Abul Kalam
Amity Institute of Pharmacy, Amity University Uttar Pradesh, Lucknow, UP, India

*Address all correspondence to: psrivastava6@lko.amity.edu



19

Natural Polymers as Potential Antiaging Constituents
DOI: http://dx.doi.org/10.5772/intechopen.80808

References

[1] Kaushik K, Sharma RB, Agarwal 
S. Natural polymers and their 
applications. International Journal of 
Pharmaceutical Sciences Review and 
Research. 2016;2:30-31

[2] https://www.acs.org/content/acs/en/
education/whatischemistry/landmarks/
staudingerpolymerscience.html 
[Accessed: 10/09/2017]

[3] Gowariker VR, Viswanathan NV, 
Shreedhar J. Polymer Science. New Delhi: 
New Age International; 2005. pp. 1-15

[4] Pandey R, Khuller GK. Polymer 
based drug delivery systems for 
mycobacterial infections. Current Drug 
Delivery. 2004;1:195-201

[5] Chamarthy SP, Pinal R. Plasticizer 
concentration and the performance of 
a diffusion-controlled polymeric drug 
delivery system. Colloids and Surfaces, 
A: Physiochemical and Engineering 
Aspects. 2008;331:25-30

[6] Alonso-Sande M, Teijeiro 
D, Remuñán-López C, Alonso 
MJ. Glucomannan a promising 
polysaccharide for biopharmaceutical 
purposes. European Journal of 
Pharmaceutics and Biopharmaceutics. 
2009;72(Suppl 2):453-462

[7] Patrick, Sinko J. Physical Chemical 
and Biopharmaceutical Principles in the 
Pharmaceutical Sciences. 6th ed. China: 
Lippincott Williams & Wilkins; 2011. 
pp. 492-515

[8] Chambin DC, Debray C, Rochat-
Gonthier MH, Le MM, Pourcelot 
M. Effects of different cellulose 
derivatives on drug release mechanism 
studied at a pre-formulation stage. 
Journal of Controlled Release. 
2004;95(1):101-108

[9] Obae HI, Imada K. Morphological 
effect of microcrystalline cellulose 

particles on tablet tensile strength. 
International Journal of Pharmaceutics. 
1999;182:155-164

[10] Westermark S, Juppo AM, 
Kervinen L, Yliruusi J. Microcrystalline 
cellulose and its microstructure in 
pharmaceutical processing. European 
Journal of Pharmaceutics and 
Biopharmaceutics. 1999;48: 
199-206

[11] Orawan S, Uracha R, Pitt 
S. Electrospun cellulose acetate fiber 
mats containing asiaticoside or Centella 
asiatica crude extract and the release 
characteristics of asiaticoside. Polymer. 
2008;49(19):4239-4247

[12] Abdelrahman T, Newton H. Wound 
dressings: Principles and practice. Surgery.  
2011;29(2011):491-495

[13] Jani GK, Shah DP, Prajapati 
VD, Jain VC. Gums and mucilages: 
Versatile excipients for pharmaceutical 
formulations. Asian Journal of 
Pharmaceutical Sciences. 2009;4 
(Suppl 5):309-332

[14] Shirwaikar A, Prabu SL, Kumar 
GA. Herbal excipients in novel 
drug delivery systems. Indian 
Journal of Pharmaceutical Sciences. 
2008;70:415-422

[15] Kokate CK, Purohit AP, Gokhale 
SB. Pharmacognosy. 22nd ed. India: 
Nirali Prakashan; 2003. pp. 133-166

[16] Te-Wierik GH, Eissens AC, 
Bergsma J, Arends-Scholte AW, 
Bolhuis GK, A new generation starch 
product as excipient in pharmaceutical 
tablets, III: Parameters affecting 
controlled drug release from 
tablets based on high surface area 
retrograded pregelatinized potato 
starch, International Journal of 
Pharmaceutics. 1997 157, 181-187



Pharmacognosy - Medicinal Plants

20

[17] Kaushik K, Sharma RB, Agarwal S. 
Natural polymers and their applications. 
International Journal of Pharmaceutical 
Sciences Review and Research. 
2016;2:30-37

[18] Doyle JP, Lyons G, 
Morris ER. New proposals 
on hyperentanglement of 
galactomannans: Solution viscosity 
of fenugreek gum under neutral 
and alkaline conditions. Food 
Hydrocolloids. 2008;23:1501-1510

[19] Coviello T, Alhaique F, Dorigo 
A, Matricardi P, Grassi M. Two 
galactomannans and scleroglucan as 
matrices for drug delivery: Preparation 
and release studies. European Journal of 
Pharmaceutics and Biopharmaceutics. 
2007;66:200-209

[20] Sharma RL. Synthesis and 
characterization of graft copolymers 
of N-vinyl-2-pyrrolidone onto 
guar gum for sorption of Fe2+ and 
Cr6+ions. Carbohydrate Polymers. 
2011;83:1929-1936

[21] Murthy S, Hiremath S, Paranjothy 
K. Evaluation of carboxymethyl 
guar films for the formulation of 
transdermal therapeutic systems. 
International Journal of Pharmaceutics. 
2004;272:11-18

[22] Dürig T, Fassihi R. Guar-based 
monolithic matrix systems: Effect of 
ionizable and nonionizable substances 
and excipients on gel dynamics and 
release kinetics. Journal of Controlled 
Release. 2002;80:45-56

[23] Haug A, Larsen B, Smidsrod 
O. Studies on the sequence of uronic 
acid residues in alginic acid. Acta 
Chemica Scandinavica. 1967;21: 
691-704

[24] Haug A, Larsen B. Quantitative 
determination of the uronic acid 
composition of alginates. Acta Chemica 
Scandinavica. 1962;16:1908-1918

[25] Tuğcu-Demiröz F, Acartürk F, 
Takka S, Konuş-Boyunağa O. Evaluation 
of alginate based mesalazine tablets 
for intestinal drug delivery. European 
Journal of Pharmaceutics and 
Biopharmaceutics. 2007;67:491-497

[26] Moebus K, Siepmann J, Bodmeier 
R. Alginate–poloxamer microparticles 
for controlled drug delivery to 
mucosal tissue. European Journal of 
Pharmaceutics and Biopharmaceutics. 
2009;72:42-53

[27] Davidovich-Pinhas M, Harari 
O, Bianco-Peled H. Evaluating the 
mucoadhesive properties of drug 
delivery systems based on hydrated 
thiolated alginate. Journal of Controlled 
Release. 2009;136:38-40

[28] Mohnen D. Pectin structure and 
biosynthesis. Current Opinion in Plant 
Biology. 2008;11:266-277

[29] Fry SC. Primary cell wall 
metabolism, tracking the careers of wall 
polymers in living plant cells. The New 
Phytologist. 2004;161:641-675

[30] Sriamornsak P, Thirawong 
N, Weerapol Y, Nunthanid J, 
Sungthongjeen S. Swelling and erosion 
of pectin matrix tablets and their 
impact on drug release behavior. 
European Journal of Pharmaceutics and 
Biopharmaceutics. 2007;67:211-219

[31] Cárdenas A, Goycoolea FM, 
Rinaudo M. On the gelling behaviour 
of ‘nopal’ (Opuntia ficus indica) low 
metholoxyl pectin. Carbohydrate 
Polymers. 2008;73:212-222

[32] Vervoort L, Kinget R. In vitro 
degradation by colonic bacteria of 
inulinhp incorporated in Eudragit 
RS films. International Journal of 
Pharmaceutics. 1996;129:185-190

[33] Vervoort L, Van den Mooter G, 
Augustijns P, Kinget R. Inulin hydrogels 
I. Dynamic and equilibrium swelling 



21

Natural Polymers as Potential Antiaging Constituents
DOI: http://dx.doi.org/10.5772/intechopen.80808

properties. International Journal of 
Pharmaceutics. 1998;172:127-135

[34] Sudhakar Y, Kuotsu K, 
Bandyopadhyay AK. Buccal 
bioadhesive drug delivery—A 
promising option for orally less 
efficient drugs. Journal of Controlled 
Release. 2006;114:15-40

[35] Sarmento B, Ribeiro A, Veiga 
F, Sampaio P, Neufeld R, Ferreira 
D. Alginate/chitosan nanoparticles 
are effective for oral insulin 
delivery. Pharmaceutical Research. 
2007;24:2198-2206

[36] Ching AL, Liew CV, Heng PWS, 
Chan LW. Impact of cross-linker on 
alginate matrix integrity and drug 
release. International Journal of 
Pharmaceutics. 2008;355:259-268

[37] Nerurkar J, Jun HW, Price 
JC, Park MO. Controlledrelease 
matrix tablets of ibuprofen using 
cellulose ethers and carrageenans: 
Effect of formulation factors on 
dissolution rates. European Journal of 
Pharmaceutics and Biopharmaceutics. 
2005;61:56-68

[38] Trease GE, Evans WC. Text Book 
of Pharmacognosy. 15th ed. London: 
Balliere, Tindall; 2002. pp. 200-201

[39] Mohamadnia Z, Zohuriaan-Mehr 
MJ, Kabiri K, Jamshidi A, Mobedi 
H. Ionically cross-linked carrageenan-
alginate hydrogel beads. Journal of 
Biomaterials Science, Polymer Edition. 
2008;19:47-59

[40] Varshosaz J, Tavakoli N, Eram 
SA. Use of natural gums and cellulose 
derivatives in production of sustained 
release Metoprolol tablets. Drug 
Delivery. 2006;13:113-119

[41] Mythri G. Novel mucoadhesive 
polymers—A review. Journal of 
Applied Pharmaceutical Science. 
2011;01(08):37-42

[42] Ghayempour S, Montazer M, 
Mahmoudi RM. Tragacanth gum as a 
natural polymeric wall for producing 
antimicrobial nanocapsules loaded 
with plant extract. International 
Journal of Biological Macromolecules. 
2015;81:514-520. DOI: 10.1016/j.
ijbiomac.2015.08.041 Epub 2015 Aug 24

[43] Nishiyama Y, Langan P, Chanzy 
H. Crystal structure and hydrogen-
bonding system in cellulose Iβ from 
synchrotron X-ray and neutron fiber 
diffraction. Journal of the American 
Chemical Society. 2002;124(Suppl 31):  
9074-9082

[44] Scheller HV, Jensen JK, Sørensen 
SO, Harholt J, Geshi N. Biosynthesis 
of pectin. Physiologia Plantarum. 
2007;129:283-295

[45] Hon DN-S. Cellulose and its 
derivatives: Structures, reactions 
and medical uses. In: Dumitriu S, 
editor. Polysaccharides in Medicinal 
Applications. New York, NY, USA: 
Marcel Dekker, Inc; 1996. pp. 87-106

[46] Kulkarni GT, Gowthamrajan K, Rao 
BG, Suresh B. Evaluation of binding 
properties of plantago ovata and 
Trigonella foenum graecum mucilages. 
Indian Drugs. 2002;38:422-468

[47] Chavanpatil MD, Jain P, Chaudhari 
S, Shear R, Vavia PR. Novel sustained 
release, swellable and bioadhesive 
gastroretentive drug delivery system 
for ofloxacin. International Journal of 
Pharmaceutics. 2006;316:86-92

[48] https://www.nuskin.com/en_ZA/
corporate/company/science/skin_care_
science/the_process_of_aging.html

[49] Prakash L. Natural ingredients 
nurture skin health from theinside and 
out. Nutracos. 2008;4:6-9

[50] https://www.afar.org/docs/
migrated/111121_infoaging_guide_
theories_of_agingfr.pdf



Pharmacognosy - Medicinal Plants

22

[51] Bissett DL, Miyamoto K, Sun P, 
Li J, Berge CA. Topical niacinamide 
reduces yellowing, wrinkling, red 
blotchiness, and hyperpigmented 
spots in aging facial skin. International 
Journal of Cosmetic Science. 2004;26: 
231-238; PMID:18492135. DOI: 
10.1111/j.1467-2494.2004.00228.x

[52] Haftek M, Mac-Mary S, Le 
Bitoux MA, Creidi P, Seité S, Rougier 
A, et al. Clinical, biometric and 
structural evaluation of the long-term 
effects of a topical treatment with 
ascorbic acid and madecassoside in 
photoaged human skin. Experimental 
Dermatology. 2008;17:946-952. DOI: 
10.1111/j.1600-0625.2008.00732.x

[53] Nusgens BV, Humbert P, Rougier 
A, Colige AC, Haftek M, Lambert 
CA, et al. Topically applied vitamin C 
enhances the mrna level of collagens 
I and III, their processing enzymes 
and tissue inhibitor of matrix 
metalloproteinase 1 in the human 
dermis. The Journal of Investigative 
Dermatology. 2001;116:853-859. DOI: 
10.1046/j.0022-202x.2001.01362.x

[54] http://www.nutrex-hawaii.com/
types-of-antioxidants [Accessed: 
1/10/2017]

[55] Cadenas E. Basic mechanisms 
of antioxidant activity. BioFactors. 
1997;6:391-397

[56] Niki E. Antioxidant defences in 
eukaryotic cells. In: Poli G, Albano E, 
Dianzani MU, editors. Free Radicals: 
From Basic Science to Medicine. Basel, 
Switzerland: Birkhauser, Verlag; 1993. 
pp. 365-373

[57] Sies H. Oxidative stress: Oxidants 
and antioxidants. Experimental 
Physiology. 1997;82:291-295

[58] Prior RL, Cao G, Martin A, Sofic E, 
Mcewen J, O’Brien C, et al. Antioxidant 

capacity as influenced by total phenolic 
and anthocyanin content, maturity and 
variety of vaccinium species. Journal 
of Agricultural and Food Chemistry. 
1998;46(7):2686-2693

[59] Zelko I, Mariani T, Foln 
R. Superoxide dismutase multigene 
family: A comparison of the Cuzn–
SOD (SOD1), Mn-SOD (SOD2) and 
EC-SOD (SOD3) gene structures, 
evolution, and expression. Free Radical 
Biology & Medicine. 2002;33: 
337-349

[60] Banniste J, Bannister W, Ratilio 
G. Aspects of the structure, function 
and application of superoxide dismutase 
CRC. Critical Reviews in Biochemistry. 
1987;22:111-180

[61] Johnson F, Giulin C. Superoxide 
dismutases and their impact upon 
human health. Molecular Aspects of 
Medicine. 2005;26:340-352

[62] Wuereges J, Lee JW, Yim YI, 
Yim HS, Kang SO, Djinovic Carugo 
K. Crystal structure of nickel  
containing superoxide dismutase  
reveals another type of active site. 
Proceedings of the National  
Academy of Sciences. 
2004;101:8569-8574

[63] Corpas FJ, Barroso JB, del Rio 
LA. Peroxisomes as a source of reactive 
oxygen species and nitric oxides signal 
molecules in plant cells. Trends in Plant 
Science. 2001;6:145-150

[64] Corpas FJ, Fernandez–Ocana A, 
Carreras A, Valderrama R, Luque F, 
Esteban FJ, et al. The expression of 
different superoxide dismutase forms 
in cell type dependant in olive (Olea 
europaea L.) Leaves. Plant & Cell 
Physiology. 2006;47:984-994

[65] Chelikani P, Fita I, Loewen 
PC. Diversity of structures and 



23

Natural Polymers as Potential Antiaging Constituents
DOI: http://dx.doi.org/10.5772/intechopen.80808

properties among catalases. Cellular 
and Molecular Life Sciences. 
2004;61:192-208

[66] Meister A, Anderson A. 
Glutathione. Annual Review of 
Biochemistry. 1983;52:711-716

[67] Matill HA. Antioxidants. 
Annual Review of Biochemistry. 
1947;16:177-192

[68] Khanam S, Shivprasad HN, Devi K.  
Invitro antioxidant screening 
models: A review. Indian Journal 
of Pharmaceutical Education and 
Research. 2004;38(4):180-183

[69] Blosis MS. Antioxidant 
determinations by the use of a stable 
free radical. Nature. 1958;181:1199-1200

[70] Shirwairkar A, Rajendran K, Kumar 
CD. In vitro antioxidant studies of Annona 
squamosa Linn. leaves. Indian Journal of 
Experimental Biology. 2004;42:80

[71] Fogliano V, Verde V, Randazzo 
G, Ritieni A. Method for measuring 
antioxidant activity and its application 
to monitoring the antioxidant capacity 
of wines. Journal of Agricultural and 
Food Chemistry. 1999;47:1035-1040

[72] Mantena SK, Jagdish Badduri 
SR, Siripurapu KB, Unikrishnan 
MK. In vitro evaluation of antioxidant 
properties of Cocos nucifera Linn. water. 
Nahrung Food. 2003;2:12-131

[73] Meister A. Glutathione-ascorbic 
acid antioxidant system in animals. 
The Journal of Biological Chemistry. 
1994;269:9397-9400

[74] Padayatty S, Katz A, Wang Y, 
Eck P, Kwon O, Lee J, et al. Vitamin 
C as an antioxidant: Evaluation of its 
role in disease prevention. Journal of 
the American College of Nutrition. 
2003;22:18-35

[75] Herrera E, Barbas C. Vitamin E: 
Action, metabolism and perspectives. 
Journal of Physiology and Biochemistry. 
2001;57:43-56

[76] Traber MG, Atkinson J. Vitamin 
E, antioxidant and nothing more. Free 
Radical Biology & Medicine. 2007;43:4-15

[77] Wang X, Quinn P. Vitamin E and 
its function in membranes. Progress in 
Lipid Research. 1999;38:309-336

[78] Nassar E, Mulligan C, Taylor L, 
Kerksick C, Galbreath M, Greenwood M, 
et al. Effects of a single dose of N-acetyl-
5-methoxytryptamus (Melatonin) 
and resistance exercise on the growth 
harmone/IGF—1 axis in young males 
and females. Journal of the International 
Society of Sports Nutrition. 2007;4:14

[79] Caniato R, Filippini R, Piovan A, 
Puricelli L, Borsarini A, Cappeletti 
E. Melatonin in plants. Advances in 
Experimental Medicine and Biology. 
2003;527:593-597

[80] Reiter RJ, Carneiro RC, Oh 
CS. Melatonin in relation to cellular 
antioxidative defence mechanisms. 
Hormone and Metabolic Research. 
1997;29:363-372

[81] Tan DX, Manchestor LC, Reiter 
RJ, Qi WB, Karbownik M, Calvo 
JR. Significance of melatonin in 
antioxidative defence system: Reactions 
and products. Biological Signals and 
Receptors. 2000;9:137-159

[82] Stanner SA, Hughes J, Kellyc 
N, Buttriss J. A review of the 
epidemiological evidence for the 
antioxidant hypothesis. Public Health 
Nutrition. 2004;7(3):407-422. DOI: 
10.1079/PHN2003543

[83] Defelice SL. Nutraceuticals: 
Oppurtunities in an emerging market. 
Scrip Magazine. 1992;9:14-15



Pharmacognosy - Medicinal Plants

24

[84] http://www.stylecraze.com/articles/
amazing-benefits-of-alpha-hydroxy-
acid-for-your-skin/#gref

[85] https://www.drugs.com/npc/
ubiquinone.html

[86] https://skincareclub.
wordpress.com/2011/03/20/
skin-benefits-green-tea-extract/

[87] https://nccih.nih.gov/health/
grapeseed/ataglance.htm

[88] WHO Model Formulary 2008 
(PDF). World Health Organization. 
2009. pp. 496, 500. ISBN: 978-924-
154765-9 [Retrieved December 8, 2016]

[89] Wertz PW, van der Bergh B. The 
physical, chemical and functional 
properties of lipid in the skin and 
other biological barrier. Chemistry and 
Physics of Lipids. 1998;91:85-96

[90] Kadajji VG, Betageri GV. Water 
soluble polymers for pharmaceutical 
applications. Polymer. 2011;3: 
1972-2009. DOI: 10.3390/polym3041972

[91] https://www.polymersolutions.
com/blog/polymers-and-cosmetics/

[92] Ravindran M, Alifah I, Fithriyaani 
N‘A, Najihah NA, Asyiqin N, Sekar 
M. Formulation and evaluation of 
natural antioxidant cream comprising 
methanolic peel extract of Dimocarpus 
longan. International Journal of 
Pharmaceutical and Clinical Research. 
2016;8(9):1305-1309

[93] Sanghi DK, Tiwle R. Formulation 
and characterization of herbal face 
wash/scruber. ejpmr. 2016;3(11): 
274-278

[94] Nirmala kumari D, Satyanarayana 
DT, Sai Kumar CH, Moulabi SK, 
Pullarao B, Gavamma A, et al. 
Formulation and evaluation of 
herbal vanishing cream containing 
Punica granatum. Indo American 

Journal of Pharmaceutical Research. 
2016;6(03):1-3

[95] Sowmya KV, Darsika C, 
Fatima Grace X, Shanmuganathan 
S. Formulation and evaluation of a 
polyherbal face wash gel. World Journal 
of Pharmacy and Pharmaceutical. 
2016;4(06):585-588

[96] Ramya Kuber B, Hema Latha D, 
Chetash CH, Lakshmi M. Preparation 
and evaluation of turmeric herbal 
formulations. Journal of Scientific and 
Innovative Research. 2015;4(3): 
286-295

[97] Vidya S, Harish K, Prafulla 
S. Formulation and in vitro evaluation 
of the topical antiageing preparation of 
the fruit of Benincasa hispida. Journal 
of Ayurveda and Integrative Medicine. 
2015;2(3):1-4

[98] Liu D, Sheng J, Qi H, Zhang 
W. Anti-aging activities of 
polysaccharides from Athyrium 
multidentatum (Doll.) Ching. Journal of 
Chemical and Pharmaceutical Research. 
2015;7(1):386-389

[99] Khana BA, Akhtar N, Menaa A, 
Menaa F. Novel Cassia fistula (L.)-based 
emulsion elicits skin anti-aging benefits 
in humans. Cosmetics. 2015;2:368-383

[100] Pandey S, Seth A, Tiwari R, Singh 
S, Behl HM, Singh S. Development 
and evaluation of antimicrobial herbal 
cosmetic preparation. African Journal 
of Pharmacy and Pharmacology. 
2014;8(20):514-528, 529

[101] Fatima Grace X, Joan Vijetha R, 
Shanmuganathan S, Chamundeeswari 
D. Formulation and evaluation of 
polyherbal cosmetic cream. 2014;3:14-17

[102] Ram KS, Amit R, Jaya D, Amit 
KJ. Promotion and computation of 
inhibitory effect on tyrosinase activity 
of herbal cream by incorporating 
indigenous medicinal plant. Pakistan 



25

Natural Polymers as Potential Antiaging Constituents
DOI: http://dx.doi.org/10.5772/intechopen.80808

Journal of Biological Sciences: PJBS. 
2014;17(1):1-5

[103] Mishra AP, Saklani S, Milella L, 
Tiwari P. Formulation and evaluation 
of herbal antioxidant face cream of 
Nardostachys jatamansi collected 
from Indian Himalayan region. Asian 
Pacific Journal of Tropical Biomedicine. 
2014:1-4

[104] Muruganantham V, Sreedharan 
NKK, Jaykar B, Palanisamy P. 
formulation development and 
evaluation of topical compositions 
comprising Arbutin. Tretinoin and 
Triamcinolone Acetonide Cream. 
2014;8(10):1480-1490

[105] Surya PM, Santhosh A, Mamidi 
G, Raghavamma STV, Rama Rao 
N. Formulation and evaluation 
of anti aging poly herbal cream. 
International Journal of Pharmaceutical 
Sciences Review and Research. 
2014;24(2):133-136

[106] Duraivel S, Shaheda A, Rabbani 
Basha S, Eesaf Pasha S, Jilani 
S. Formulation and evaluation of 
antiwrinkle activity of cream and 
nano emulsion of Moringa oleifera 
seed oil. IOSR Journal of Pharm acy 
and Biological Sciences (IOSR-JPBS). 
2014;9(4):58-73

[107] Aswal A, Kalra M, Rout 
A. Preparation and evaluation of 
polyherbal cosmetic cream. Der 
Pharmacia Lettre. 2013;5(1): 
83-88

[108] Shu Z, Zou S, Yang H. Preparation 
of anti-aging collagen face mask. 
Journal of Chemical and Pharmaceutical 
Research. 2014;6(8):97-101

[109] Sahu RK, Roy A, Kushwah P, 
Khare M, Mudotiya R. Formulation and 
development of whitening polyherbal 
face cream. Research Journal of Topical 
and Cosmetic Science. 2012;3(1): 
23-27

[110] Sahu RK, Roy A, Kushwah P, 
Khare M, Mudotiya R. Formulation and 
development of whitening polyherbal 
face cream. Research Journal of Topical 
and Cosmetic Science. 2012;3(1):22-28

[111] Nair SS, Mathew M, Sreena 
K. Formulation and evaluation of 
herbal cream containing Curcuma longa. 
International Journal of Pharmaceutical 
and Chemical Sciences. 2012;1(4):1-4

[112] Sahu AN, And JS, Dubey 
SD. Formulation & evaluation of 
curcuminoid based herbal face cream. 
Indo-Global Journal of Pharmaceutical 
Sciences. 2011;1(1):77-84

[113] Rajvanshi A, Sharma S, Khokra 
SL, Sahu RK, Jangde R. Formulation 
and evaluation of Cyperus rotudus 
and cucumis sativus based herbal 
face cream. Pharmacologyonline. 
2011;2-8:1238-1244

[114] Paithankar VV. Formulation 
and evaluation of herbal cosmetic 
preparation using Safed musli. 
International Journal of PharmTech 
Research. 2010;2(4):2261-2264

[115] Wadher KJ, Lakhotia CL, Umekar 
MJ. Formulation and evaluation 
of cream of Azadirachta indica 
leaves extracts on skin renewal rate. 
International Journal of ChemTech 
Research. 2009;1(1):88-95


