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Cosmetics comprising either natural or synthetic components are used almost regularly and universally in different forms 
to enhance the beauty. The utmost disclosure of human membrane to sunlight and environmental pollution results in the 
exhibition of free radical, that react with deoxyribonucleic acid, proteins and fatty acids, causation oxidative destruction 
dysfunction of the antioxidant system. In skin, the formation of reactive oxygen species leads to skin diseases, predominantly 
cutaneous malignancies, immunosuppression, wrinkles, aging, etc., The human organism fosters a barrier practice against 
the destructive action of free radicals, comprising mostly of vitamins, carotenoids and enzymes. Cosmetic products are 
the best option to reduce skin disorders such as hyper pigmentation, skin aging, skin wrinkling and rough skin texture, 
etc., Hence in this review, we conferred various in vitro methods that are used for the development of novel cosmetic 
formulation. There is an expanding fascinate employing in vitro techniques because they are less time consuming, more 
cost‑effective and lessen the participation of human volunteers.
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INTRODUCTION

In our body, skin is the biggest organ. The skin performs 
an excessively important role, providing a massive physical 
rampart against mechanical,[1] chemical, thermal, and 
microbial factors. Otherwise, all these factors may affect 
the physiological status of the body.[2‑4] The ultraviolet (UV) 
radiation arrived to earth surface due to environmental 
pollution inceptions fade of the protective stratospheric 
ozone layer. Moreover, the consequent increases in UV 
radiation induced skin disorders, predominantly cutaneous 
malignancies, immunosuppression, wrinkles, aging, etc.[5] The 
UV radiation emitted by the sun is divided into Ultraviolet C 
(270‑290 nm), Ultraviolet B (290‑320 nm), and Ultraviolet A 

(320‑400 nm), is subdivided into UVA2 (320‑340 nm) and 
UVA1 (340‑400 nm). The UVB and UVA radiation extent 
the earth surface in significant amounts and are able to incite 
biological effects. The ozone in the stratosphere captivated 
UVC and hence it does not spread to earth’s surface.[6]

The UV radiation readily affected human skin, because it is the 
very perceptive organ. The UV radiation entered distinctive 
chromophore in the skin, such as melanin, deoxyribonucleic 
acid (DNA), Ribonucleic acid, proteins, lipids, water, aromatic 
amino acids, such as tyrosine and tryptophan, trans‑urocanic 
acid, etc., The incorporation of UV radiation by these 
chromophore leads to distinct photochemical reactions and 
provokes reactive oxygen species (ROS), over exposure of UV 
radiation causes harmful effects.[7] The UV radiation generated 
ROS and this lead to histochemical changes of altering 
severity, thickening of the stratum spinosum, and flattening 
of dermoepidermal junction.[8] The destructive action of free 
radicals to the skin is controlled by vitamins, carotenoids, and 
enzymes present in the body. In human skin, approximately, 
70% of carotenoids are β‑carotene and lycopene, which can 
serve as markers for the whole antioxidative potential.[9,10] 
Antioxidant enzymes such as superoxide dismutase  (SOD), 
catalase (CAT), and glutathione peroxidase (GPX) comprise a 
cellular defense system against ROS toxicity. However, when 
skin is irradiation with solar UV rays provokes a reduction in 
the levels of antioxidants, deactivation of antioxidant enzymes 
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and an upsurge in the markers of lipid peroxidation in skin, 
meanwhile skin suffers from skin disorders.[11,12]

The skin is the reflection of an individual’s physical appearance 
and to take care of perfect is very decisive due to successively 
exposure of the skin to UV radiation. The exposure of the 
body to UV radiation, this lead to skin evoked to produce 
ROS and free radicals. These oxidative agents’ results to induce 
skin disorders such as hyper pigmentation, wrinkling, rough 
texture, and aging, etc., The imperfections of skin make it one 
of the most attractive subjects for skin research workers.[5,7]

The skins are protected from exogenous and endogenous 
harmful agents by applying cosmetic products and it reinforce 
the beauty and attractiveness of skin.[13] The cosmetic products 
not only improve the external appearance of skin; however, 
it also increases the longevity of decent health by discounting 
skin disorders. The skin care formulation nourish the health, 
texture and integrity of skin, moisturizing, maintaining 
elasticity of skin by reduction of type  I collagen and 
photoprotection, etc., These characteristics of cosmetic are 
due to the presence of synthetic or natural ingredients in skin 
care formulation, because it helps to diminish the exhibition 
of free radicals in skin and manage the skin properties for a 
long time. The cosmetic products are the best choice to reduce 
skin disorders such as hyper pigmentation, skin aging, skin 
wrinkling and rough skin texture, etc., The development 
of novel skin care formulation constrained to assessment 
the potency of ingredients presents in formulations. The 
different in vivo models are used for computation of safety 
and efficacy of cosmetic formulation, but in maximum models 
human volunteers are used.[14‑16] To perform in vivo assessment 
of cosmetic products on human volunteers has several 
inconveniences such as being overpriced, time‑consuming, and 
is potentially perilous to human clinical subjects.[17] Moreover, 
to get human ethical clearance approval is a very difficult 
assignment. Consequently, there is an enlarging interest using 
in vitro methods because they are less time consuming, more 
cost‑effective and lessen the participation of human volunteers. 
The assessment of effectiveness of skin care formulation by 
in vitro model may also help in reducing the cost of products.

This report precises how pigmentation, wrinkle and aging 
are produced in skin, and how the action of cosmetics can be 
evaluated to eradicate or minimize the skin ailments. Here, 
the recent advance experimental methods are discussed, 
which are used in the evaluation and to check the efficacy 
of skin care cosmetics formulations. This review will help 
the researcher working in the development of new skin care 
cosmetic formulations.

SKIN DISORDERS

Hyper pigmentation
The melanin plays a prominent role for color production 

over human skin.[18] The melanin is produced by melanocyte 
cells build in the stratum basale of the skin epidermis, 
and it is main defensive pigment in arresting of UV 
induced skin damage.[19,20] The melanocyte cells present 
in the human body produced two patterns of melanin 
namely Pheomelanin and Eumelanin.[21] The Pheomelanin 
originates the yellow to reddish‑brown color in the body 
while eumelanin yield light brown to black color in the 
body.[22] Over disclosure of the body to UV radiation can 
persuade the generation of melanin in the skin. The hyper 
pigmentation in epidermal skin outcomes from enhanced 
activity of tyrosinase and effects in several dermatological 
disorders, such as melasma, post inflammatory melanoderma 
and solar lentigo. Tyrosinase oxidize the conversion of 
L‑tyrosine to 3,4‑dihydroxyphenylalanine (DOPA) and of 
DOPA to DOPA quinone, both reactions being the first two 
rate‑limiting steps in the melanin synthesis pathway.[23] UV 
radiation intensifies the formation ROS in the skin and these 
ROS boost melanin biosynthesis, damage DNA, and may 
induce proliferation of melanocytes.[24] In the human skin, the 
over formation and cumulation of melanin pigment produces 
a change in skin color, skin wrinkling and skin aging.[25] This 
hyper pigmentation could develop a serious problem in 
skin resultant in a great number of skin diseases, including 
chloasoma dermatitis, freckles, and geriatric pigment spots. 
Melanin biosynthesis can be inhibited by evading UV 
exposure, by inhibition of melanocyte metabolism and 
proliferation, by inhibition of tyrosinase.[20] Moreover, the 
hyperpigmentation can also be reduced by ROS scavengers or 
inhibitors such as antioxidants might suppress melanogenesis 
in the epidermal layer of skin. Hence, different whitening 
cosmetics and medicines are being developed to check 
melanogenesis.

Aging
The aging development is the cumulation of oxidative 
destruction to cells and tissues, integrated with an imperfect 
multiply in the chance of morbidity and mortality.[26‑28] 
The long‑term exposure of skin to solar UV radiation is 
a serious environmental threat that creates to acute and 
chronic effects in the human skin. The UV radiation causes 
comprehensive generation of ROS and reactive nitrogen 
species can outcome in the structural and functional alteration 
of cutaneous proteins, for example collagen, elastin and 
glycosaminoglycans,[29] which may contribute to photoaging. 
The increased ROS causes oxidative stress and oxidative 
photodamage of macromolecules and plasma membrane 
components in the skin. This further lead to immature 
aging of the skin that is marked by the rough skin textures, 
wrinkles, laxity, atrophy, pigmentary changes or blotchy 
dyspigmentation, elastosis, telangiectasia, and pre‑cancerous 
lesions such as actinic keratosis and malignant tumors.
[30‑33] These all are the fundamental causative agent for the 
evolvement of a wrinkle on the face and parts of the body. 
The early sign of skin aging is due to periorbital wrinkle 
formation. The type  I collagen is the main component of 
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the skin dermis, and its reduction result in aging of the skin. 
The collagen is the chief structural unit of the extracellular 
matrix (ECM). The type I collagen help in the maintenance 
of the skin dermis structure.[32] The enzyme such as SOD, 
CAT, and GPX as well as the peptides with thiol groups 
as glutathione, present in skin cells help in formation of 
antioxidants. Whereas, additional antioxidants are acquired 
from nature through nutrition, as vitamin C, vitamin  E, 
and carotenoids, afforded protection against UV‑induced 
photoaging.[33,26]

Wrinkle
The formation of a wrinkle in human skin has been 
integrated with marked decreases in skin elasticity and 
is identified by dry and flaky rough skin, both fine and 
coarse wrinkles, poor elastic recoil, solar lentigines, sallow 
color, and impaired wound healing.[34,35] The prolonged 
disclosure of human skin to sun or UV irradiation excels 
to variations in the constitution of skin.[29] Hence, this 
persuades to be diminished of skin flexibility as an outcome 
of the degeneration of the three‑dimensional structure of 
resilient fibers, that is closely connected with a consequent 
lowering in the resilient properties of the skin. In human 
skin, two types of elastases are present, neutrophil elastase 
and skin fibroblast elastase both are mainly responsible for 
the deterioration of springy fibers associated with wrinkle 
formation. Neutrophil elastase is a serine proteinase, whereas 
skin fibroblast elastase is in the family of metalloproteinases 
and thus they differ significantly in substrate specificity. 
Neutrophil elastase can debase all types of elastic fibers with 
a high susceptibility to elaunin fibers and mature elastic 
fibers. Although fibroblast elastase acts on oxytalan fibers 
and elaunin fibers, but has limited effects on mature elastic 
fibers.[36‑39] The exposure of UV radiation in skin surges the 
origination of ROS; it overwhelmed antioxidant defence 
mechanisms, resulting in oxidative stress and oxidative 
photodamage of proteins and other macromolecules in 
the skin. These ROS leads to overproduction of elastases, 
a reduction and degeneration of collagen and deposition 
of glycosaminoglycans, induced by UV irradiation affect 
the elastic‑fiber network.[40‑42] Such devastation to the skin 
is conceived to create to perceivable alterations such as 
wrinkling and sagging.

IN VITRO DETERMINATIONS OF SKIN CARE 
FORMULATIONS

Determination of sun protection factor (SPF) 
determination
The SPF is characterized as the UV energy required to 
produce a minimal erythema dose (MED) on protected skin, 
divided by the UV energy required producing a MED on 
unprotected skin. The SPF indicates the effectiveness of a 
sunscreen cream:

SPF = 
Minimal erthema dose in sunscreen Protected skin

Mi
  −

nnimal erthema dose in non sunscreen  Protected skin−

The lowest time interval or dosage of UV light irradiation 
sufficient to produce a smallest, perceptible erythema on 
unprotected skin is known as the MED. The higher value 
of SPF indicates the product is more effective in preventing 
sunburn.

The in vitro screening method was examined by Kaur and 
Saraf 2011 and Ashawat and Saraf 2006. Prepare 200 μg ml−1 
of the sample and determine absorbance values of the aliquot 
from 290 nm to 320 nm, at 5 nm intervals, using UV‑Visible 
spectrophotometer.[56‑58]

The observed absorbance values at 5 nm intervals (290‑320 nm) 
were calculated by using the formula:

SPF CF EE Abs (Spectrophotometr = × × ×∑ 290

320
( ) ( ) )λ λ λ

Where, CF is a correction Factor, EE (λ) is erythmogenic 
effect of radiation with wavelength λ and Abs  (λ) is 
spectrophotometric absorbance values at wavelength λ. The 
values of EE (λ) × I (λ) are constants.

Discussion on SPF action
The exposure of UV solar radiation to Human body fabricates 
harmful effects on the skin, including sunburn, photoaging,[46] 
cutaneous malignancies,[47] local immunosuppression[48] and 
damage DNA.[49,50] Although there are few methods are 
available by which persons protected themselves against the 
sun, evidence from paintings counsels that clothes to cover the 
body; veils and large brim hats were used by ancient Greeks, 
and umbrellas were used in aged Egypt, Mesopotamia, China 
and India.[51] The sun rays continuously reaches to earth with 
approximately 50% visible light, 40% infrared radiation, and 
10% UV radiation.[52] UV A  (320‑400 nm) wavelengths is 
mainly responsible for photoaging because it pierce deeper 
into the skin. The shorter wavelengths (UV B) are 30‑40 times 
more energetic, and penetrate mostly into the epidermis. 
Further this may lead to skin photocarcinogenesis and 
immunosuppression.[53‑55] The sunscreen products are applied 
to prevent sunburn and other skin damage. The sunscreen 
products available in the market contain UV absorbers that 
have been chiefly controlled at protecting against UV induced 
sunburn and DNA damage. Since, the biological endpoint 
for the determination of the SPF is the UV erythema. The 
SPF label is the indicator only for a protection against 
erythemally effective solar UV, largely confined to the UVB 
and partially short‑wavelength UVA radiation.[52,56] Hence, 
there is a continuous need of quantitative determination 
of different parameters, such as SPF, protection against 
UV radiations, to support the efficacy and safety of the 
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products.[57] For economical, practical and ethical reasons, 
there is an increasing curiosity employing in vitro methods 
because they are less time consuming, more cost‑effective 
and give the additional information, for example critical 
wavelength and photostability.[58] The in vitro method for 
SPF determination is arrogant to in vivo methods because 
this can minimize risks related to UV exposure of human 
subjects during a sunscreen product development.

Determination of tyrosinase inhibitory activity
The mushroom tyrosinase and L‑DOPA used for the 
tyrosinase inhibitory bioassay as discussed by Sharma et al. 
2004 and Leu et al. 2008. Dissolve test substances in 0.1 ml 
of 10% dimethyl sulfoxide (DMSO) in an aqueous solution 
and incubated with 0.1  ml of mushroom tyrosinase (135 
U/ml phosphate buffered solution [PBS], pH 6.8) at 25°C 
for 10 min, and then add 0.1 ml of 0.5 mM L‑DOPA in 
a (PBS, pH 6.8). Incubate the reaction mixture for 5 min. 
The amount of dopachrome in the mixture is determined 
by the optical density (OD) at 475 nm and Kojic acid use as 
the standard agent. The inhibitory percentage of tyrosinase 
is calculated as follows:

Percent Inhibition = 
A B C D

A B
[( ) ( )]

( )
− − −

−








× 100

Where A is the OD at 475 nm without test substance, B 
is the OD at 475 nm without the test substance but with 
tyrosinase, C is the OD at 475 nm with the test substance 
and D is the OD at 475 nm with the test substance, but 
without tyrosinase.[59‑61]

Determination of melanin content
Culture melanoma cell lines  (B16  cells) in Dulbecco’s 
modified Eagle’s medium  (DMEM)  (13.4 mg/ml DMEM, 
10 mM 4‑(2‑hydroxyethyl)‑1‑piperazineethanesulfonic 
acid  (HEPES), 143 U/ml benzylpenicillin potassium, 
100  µg/ml streptomycin sulfate, 24 mM NaHCO3, 
pH  7.1) with 10% fetal bovine serum  (and penicillin/
streptomycin (100 IU/50 mg/ml) in a humidified atmosphere 
containing 5% CO2 in the air at 37°C. Culture the B16 cells 
in 24‑well plates for the melanin quantification and 
determination of enzyme activity. This assay was previously 
conversed by Tada et al. 1986, Ha et al. 2007, Kim et al. 2006 
and Hoshino et al. 2010.[62‑65]

Discussion on melanin action
The extent and distribution of melanin pigmentation in 
human skin play a vital role for production of color in 
the skin.[66] The melanocytes cell producing pigment are 
present in the outermost layer of the skin to originate 
melanin. The human skin is protected from the destructive 
effects of UV sun radiation by melanin. Further, melanin 
participate in scavenging toxic drugs and chemicals.[67] The 
synthesis of melanin is mostly monitored by tyrosinase, 

a copper‑containing enzyme and is found exclusively in 
melanocytes.[59,68] Tyrosinase catalyses three distinctive 
reactions in the biosynthetic pathway of melanin 
in melanocytes: The hydroxylation of tyrosine to 
L‑DOPA and the oxidation of L‑DOPA to dopaquinone; 
furthermore, in humans, dopaquinone is altered by a 
series of complex reactions to melanin.[69‑71] The control of 
melanin synthesis is a prominent strategy in the treatment 
of abnormal skin pigmentation for cosmetic purposes. The 
above mentioned bioassay can be used to ascertain the 
inhibition property of melanin of sample.

Determination of elastase inhibition
Porcine pancreatic elastase was assayed spectrophotometrically 
using N‑Succ‑(Ala) 3‑nitroanilide (SANA) as the substrate by 
Sahasrabudhe and Deodhar, 2010. The release of p‑nitroaniline 
for 15 min at 25°C is monitored by measuring the absorbance 
at 410 nm. The reaction mixture contained 800 μl of 0.2 M 
Tris buffer (pH 8.0), 100 μl of enzyme elastase and 100 μl 
of 0.8 mM SANA as substrate and different concentrations 
of the test sample in Tris‑HCl buffer. Preincubated the test 
sample with the enzyme for 20 min at 25°C and the reaction 
is started with the addition of substrate. The buffer is used 
as control.[72] The change in absorbance is monitored at 
410 nm using UV spectrophotometer. Inhibitory effect of 
the samples on the Elastase activity calculated as:

Inhibition (%) = 
A B)

A
( −

× 100

Where A, is the absorbance at 410 nm without test sample, 
and B is the change in absorbance at 410 nm with the test 
sample.

Discussion on elastase action
Elastin is an ECM protein and most abundant in organs 
providing elasticity to the connective tissues. It forms elastic 
fiber in the skin dermis and this may increase the skin 
elasticity. Damage to the elastin fibers leads to the declined 
skin resilience. The proteinase enzyme produced elastase, and 
this enzyme able to erode elastin.[73,74] Therefore, inhibition 
of the elastase activity ingredients could be used in cosmetic 
formulation to protect against skin aging and wrinkles.

Determination of collagenase assay
The assay employed was based on spectrophotometric 
methods reported by Thring et  al. 2009, with some 
modifications for use in a microplate reader. The assay 
was performed in 50  mM Tricine buffer  (pH  7.5 with 
400 mM NaCl and 10 mM CaCl2). Dissolved collagenase 
from Clostridium histolyticum in the buffer for use at 
an initial concentration of 0.8 units/mL according to the 
supplier’s activity data. The synthetic substrate N‑[3‑(2‑furyl) 
acryloyl]‑Leu‑Gly‑Pro‑Ala  (FALGPA) was dissolved in 
Tricine buffer to 2 mM. Incubate the sample with the 
enzyme in the buffer for 15 min before adding substrate to 
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start the reaction. The final reaction mixture (150 μl total 
volumes) contained Tricine buffer, 0.8 mM FALGPA, 0.1 
units Clostridium histolyticum and 25 μg test samples. 
Absorbance at 335 nm is measured immediately after adding 
substrate and then continuously for 20 min using a Cary 
50 Microplate Reader in Nunc 96 well microtitre plates. 
Epigallocatechin‑3‑gallate, 250 μM (0.114 mg/ml) used as a 
positive control.[75]

Discussion on collagenase action
The collagen present in eighty percent of human skin, 
that is responsible for the tensile strength of the skin.[75] 
ROS leads to distinct changes in skin collagenous tissues 
by the breakdown of collagen, a major in the ECM. These 
modifications in the ECM most probable mediated by matrix 
metalloproteinases (MMP) are known to be an origin of the 
skin wrinkling ascertained in premature skin aging as well as 
in aged skin.[76‑79] Collagen fibrils and elastin are responsible 
for strength and resiliency of skin. Aging and irradiation 
accelerate the degradation of the ECM, resulting in a decrease 
in dermal collagen and an increase in the level of the matrix 
MMP‑1, which cleaves interstitial collagen leads the skin 
appear to be aged.[80‑83] Furthermore, collagenase activity has 
been required to inhibit for retention of skin elasticity and 
tensile strength of the skin.

Determination of antiglycation activity
Prepared  r eac t ion  mix ture s  conta in ing  5   mg 
bovine serum albumin, 25 mM threose and 1 mM 
diethylenetriaminepentaacetic acid in 1.0  ml of 0.1 M 
phosphate buffer (pH 7.4) containing 0.02% sodium azide, 
and incubated at 37°C. Each reaction mixture is placed into 
a 2 ml cryogenic vial and sealed and following the incubation 
for 7  days in an incubator and remove 100 μl aliquots. 
Measure the fluorescence intensity at an excitation of 370 nm 
and an emission of 440 nm with a spectrofluorometer. The 
activity of each blank (without threose) is subtracted from 
the activity of each sample.[84]

Percent Inhibition = 
Percent Inhibition fluorescent i= −100 [ nntensity 
sample flourescent intensity blank of sample( ) ( )− ]]

( )
×

−

100
[fluorescent intensity control

flourescent intensitty blank of control( )]

Discussion on antiglycation action
One of the causes of aging is the appearance of the 
Advanced Glycosylation End Products (AGE) during life. 
In our skin, oxidative stress causes damage to skin cell 
membrane by acceleration of protein glycation and AGE 
formation. Protein glycation occurs when blood sugar 
reacts with protein such as collagen, an essential component 
of skin, to form AGE, which leads to the degradation 
of collagen.[85,86] Damage to and loss of collagen  (which 
provides skin firmness), elastin (which supplies skin elasticity 

and rebound) and glycosaminoglycans  (which keep the 
skin hydrated), result in the appearance of roughness, 
uneven tone, brown patches, thin skin and deep wrinkles. 
Accelerated skin aging is expressly apparent in diabetic 
patients, where glycation is increased because of high serum 
glucose levels. This inspection has developed as a screening 
tool for searching of glycation inhibitors from a natural 
product samples that often contain interfering substances 
such as fluorescence and quencher materials.[87] Therefore, 
by incorporating substances containing glycation inhibitory 
effect in cosmetic preparation is a strategy for the prevention 
of aging and wrinkle.

Determination of hyaluronidase inhibition
Hyaluronidase inhibition was determined by measuring 
the amount of N‑acetylglucosamine splited from sodium 
hyaluronate, this method was described by Sahasrabudhe 
and Deodhar, 2010. Fifty microliter of bovine hyaluronidase 
(7900 units ml−1) dissolved in 0.1 M acetate buffer (pH 3.6) 
and mixed with 50 μl of designated concentrations of sample 
dissolved in 5% DMSO. The control group is treated with 50 
μl of 5% DMSO instead of samples and is incubated for 20 min 
at 37°C. After 20 min add 50 μl of calcium chloride (12.5 
mM) to the reaction mixture and again incubated for 20 min 
at 37°C. This Ca2+ activated hyaluronidase is treated with 
250 μl sodium hyaluronate (1.2 mg ml−1) and incubated at 
37°C for 40 min. After incubation 50 μl of 0.4 M sodium 
hydroxide and 100 μl of 0.2 M sodium borate are added to 
the reaction mixture and then incubated in the boiling water 
bath for 3 min. After cooling to room temperature add 1.5 ml 
of p-Dimethylaminobenzaldehyde solution  (4  g PDMAB 
dissolved in 50 mL of 10 N HCL and 350 ml of glacial acetic 
acid) to the reaction mixture and incubated in a water bath 
at 37°C for 20 min till color developed. The absorbance is 
measured at 585 nm on UV spectrophotometer.[72] Inhibitory 
effect is expressed as follows:

Inhibition 
OD  of Control  OD  of sample

OD  of sam
(%)

. . . .
. .

=
−

pple






× 100

Discussion on hyaluronidase action
The almost every tissue of all vertebrates containing 
hyaluronic acid, but is most abundant in the ECM of soft 
connective tissues.[19] Hyaluronic acid play vital role in 
keeping the body smooth, moist and lubricated due to its 
water holding property.[1] Enzyme hyaluronidase lowers 
hyaluronic acid by decreases the viscosity of body fluids and 
increases the permeability of connective tissues lowering its 
viscosity and increasing the permeability and is also involved 
in bacterial pathogenesis.[88‑90] Hyaluronidase inhibitors 
are potent, ubiquitous regulating agents who are involved 
in maintaining the balance between the anabolism and 
catabolism of Hyaluronic acid, and this keep skin moist as 
well as smooth.[91]
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DETERMINATION OF IN VITRO ANTIOXIDANT 
USED FOR SKIN CARE FORMULATION

Determination of total polyphenol content
The total polyphenol content is determined using 
Folin‑Ciocalteu reagent. The reaction mixture contained: 
2.0  ml of the sample, 400 μl of freshly prepared diluted 
Folin‑Ciocalteu reagent and then sodium carbonate solution 
(75  g/l) added to the reaction mixture to reach a 10.0 ml 
volume. The above solution is incubated at room temperature 
for 10 min, and measure absorption at 760 nm wavelength. 
The amount of total polyphenol is calculated using the gallic 
acid calibration curve. The results are expressed as gallic acid 
equivalent mg/100 ml of the sample.[92‑94]

Determination of total flavone and flavonol content
The total flavones and flavonols contents are determined 
using aluminum chloride (AlCl3). Mix 9.8 ml of the prepared 
sample with a 10% solution of AlCl3 (200 μl). After 30 min, 
absorption is measured at a 425 nm wavelength. The amount 
of total flavone is calculated using quercetin calibration curve. 
The results are expressed as the quercetin equivalent (QE) 
mg/100 ml of the sample.[92‑94]

Determination of 2,2‑diphenyl‑1‑picrylhydrazyl 
phosphate reduction
The free radical scavenging ability is investigated using stable 
DPPH radical. The prepared sample (400 µl) is replenished 
up to 2.0  ml with 0.1 mM of DPPH methanol solution. 
Prepared control without test compound in an identical 
manner. The reaction is allowed to be completed in the dark 
for about 30 min. Take absorption of sample at a 517 nm 
wavelength. DPPH reduction is calculated when taking into 
account the absorption of the control investigation, and the 
observed activity is compared to quercetin calibration curve. 

The results are expressed as quercetin antioxidant activity 
equivalent (QE) μmol/100 ml of the solution.[95‑97]

DPPH radical scavenging activity (%) =

AControl ASample
ACont

−
rrol

×100





Where, Asample and Acontrol are absorbance of sample and 
control.

Determination of total carotenoid content
Mix 6.0 g of the sample and 20 ml of petroleum ether, and 
the resulting mixture is agitated for 5 min. Filter the solution 
into a 25 ml measuring flask and diluted up to the mark. The 
extinction value of the resulting yellow‑colored solution is 
measured spectrophotometrically at a 440 nm. Measure the 
extinction value of standard potassium bichromate solution 
contained 0.0900 g of potassium bichromate in 250 ml of 
purified water.[98,99] Total carotenoid content is expressed 
as ß‑carotene (mg/100 g of cream), and calculated using the 
following formula:

X A
A a

=
× × ×

×
0 00208 25 100

1
.

X = Total carotenoid
A = Extinction value of the studied solution
A1 = Extinction value of the standard solution
a = Amount of the cream, g

Discussion on antioxidant activity
Antioxidants are compounds competent of either interruption 
or inhibit the oxidation progressions which occur under the 
impact of atmospheric oxygen or ROS. Antioxidant entities 
can rummage ROS, inhibit the generation of liberated radicals, 

Table 1: Comparative data of in vitro and in vivo model
Activity In vivo model In vitro model Efficiency Advantages Disadvantages Remarks
SPF Human Spectrophotometric 

method
Comparatively 
both produces 
similar effects

In vitro method 
are less time 
consuming

In vivo required one 
month to complete 
study, hances to 
develop cancer in 
human skin

In vitro method 
is more 
suitable

Melanin Human Spectrophotometric 
method

In vitro produces 
satisfactorily 
result

In vitro is one 
day model, cost 
effective

In vivo required 
one month study, 
produces lot of side 
effects

In vitro is more 
suitable as per 
cost and result

Elastase 
inhibition

Human/animals Spectrophotometric 
method

Comparatively 
both produces 
similar effects

In vitro is one 
day model, cost 
effective

Biopsy of skin 
required

In vitro method 
is more 
convenient

Collagenase 
and 
antiglycation 
activity

Human/animals Spectrophotometric 
method

In vitro produces 
highly efficient 
result

In vitro is cost 
effective, required 
less time to 
complete study

Biopsy of skin 
required

In vitro method 
is more 
acceptable

Hyaluronidase 
activity

Human/animals Spectrophotometric 
method

In vitro produces 
extremely 
competent result

In vitro is cost 
effective

One month 
required to 
complete study

In vitro is more 
suitable as per 
cost and result

SPF=Sun protection factor
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chain breaking activity and metal chelation. Antioxidants 
are implicated in the defense mechanism of the organism 
against the pathologies associated with the attack of released 
radicals.[92,93] When endogenous factors cannot ensure a 
stringent control and a complete protection of the organism 
against the ROS, the need for exogenous antioxidants arises, 
as nutritional additives or pharmaceutical/cosmetics products, 
which contain as the active principle an antioxidant compound. 
The antioxidant assays calculated the oxidative outputs at 
the primitive and concluding stages of oxidation. Phenolic 
compounds possess anti‑inflammatory, anti‑carcinogenic, 
anti‑atherosclerotic, and other properties that may be related 
to skin disorders.[17] Polyphenolic compositions might have a 
repressive effect on mutagenesis and carcinogenesis in humans. 
Flavonoids and flavonols are two polyphenolic supplements 
that perform a significant part in stabilizing lipid oxidation and 
are accompanying with antioxidant activity.[93‑95,99]

ß‑carotene is the most copious and mainly efficient precursor 
of vitamin A. ß‑carotene is a radical scavenger, quenching 
singlet oxygen and free radicals without damage to cells 
and tissue. This property of ß‑carotene makes it applicable 
for UV protection of skin. The increase cell turn‑over and 
regeneration in the outer layers of the skin are regulated 
by ß‑carotene, making it effective for diseases and skin 
conditions related to epithelium damage. It also intensifies 
the appearance of dry or damaged skin by reducing, flaking 
and restoring suppleness. In skin‑care products, beta‑carotene 
is used for its antioxidant properties, its capacity to screen 
the skin from sun damage, and its endowment to help even 
the skin tone, deeming it an active anti‑aging ingredient. 
Furthermore it is used in anti‑aging products for its sun 
damage protection capabilities.[94,99,100]

CONCLUSION

The increasing fascinate acquired by in vitro approach for 
evaluation of skin care formulation is due to the less time 
consuming, more cost‑effective and reduce the participation of 
human volunteers. In this review, plenty of in vitro methods 
are notified they differ from each other in terms of skin 
disorders. Exposure to UV radiation results in skin ailments 
like hyperpigmentation, wrinkle, aging, photodamage, etc., 
The antioxidant activity and SPF assay can be used to curb 
skin from photodamage. The tyrosinase inhibitory activity 
and melanin assay used to reduce the hyperpigmentation and 
marks from skin. The elastase inhibition assay can be used 
for determination of skin elasticity; furthermore, collagenase 
has been required to inhibit for retention of skin elasticity 
and tensile strength of the skin. Moreover, antiglycation 
assay checks the devastation and loss of collagen, and hence 
it reduces wrinkle and aging from skin. Hyaluronic acid 
holds the water together and keeps the body smooth, watery 
and lubricated, so that hyaluronidase inhibition assay can 
check the moisture present in the body. This article would 

be helpful for the development of safety and efficacy skin 
care cosmetic formulations. In vitro, screening techniques 
may represent a fast and rational tool reducing the number 
of in vivo experiments and risks related to human subjects; 
hence this can reduce the Research and Development 
expenses. Furthermore, it substantiates to slash the cost of 
cosmetic products [Table 1].

The in vitro method mentioned in this review are very useful 
for the scientist those who are working in the cosmetic 
discipline. This is the incomparable and initial article which 
produces utter in vitro techniques used for determination of 
efficacy of novel products of cosmetic in a unique platform. 
Moreover, until the date, no individual article produces all these 
in vitro techniques in a single step. The researchers expend their 
lot of time during the literature survey of research work; we 
hope this review will produce utmost methodology in unshared 
steps and economize their expensive time.
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