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Abstract

The benzophenones present in Garcinia indica, are known for their anti-proliferative activities against cancerous
cells. However, little literature is available on the cosmetic utilization of Garcinia indica benzophenones hence it is
a mandate to check the safety of these extracts as raw materials and in the finished products. In the current study,
two different solvents methanol (ME) and ethyl acetate (EAE) were used to extract benzophenones from G. indica
fruit rinds. A third extract was made by fractionating EAE with water to give a garcinol-enriched extract (TEAE).
All three extracts were tested for their toxicity on mice fibroblast cell lines (NIH/3T3). Our previous research data
reveals that TEAE extract showed the highest garcinol content, antioxidant and SPF activity, thus a standardized SPF
formulation was prepared using TEAE. The IC,, value of ME, EAE, and TEAE was 400ug/ml, 80ug/ml, and 63.32ug/
ml respectively. TEAE showed the highest toxicity in cosmetic formulations as well. Hence, kokum butter with cell
proliferative and migratory potential was used to ameliorate these toxic effects. Additionally, in our previous findings,
the cream formulations were also tested for SPF activity with 3% OMC and 2.5% TEAE as per the COLIPA guidelines
and it showed a synergistic SPF of 14 in comparison when OMC and TEAE were used alone i.e. 8.05 and 3.68
respectively. The cytotoxicity induced by OMC and/or TEAE was also controlled using Kokum butter. The formulations
were tested for irritation on the mice fibroblast cells and found to be practically non-irritant according to the Japanese
Ministry of Healthcare and welfare guidelines for manufacturing cosmetics and quasi-drugs. To conclude, the ethyl
acetate extract and kokum butter-containing formulations can pose severe skin benefits when put together and can be
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further explored for their non-SPF potentials such as MMPase inhibition and cell-based antioxidant potential.
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Introduction

Cosmetic preparation using natural extracts requires scientific
backup concerning toxicity evaluation and efficacy determination.
With increasing awareness, it has become extremely important to
access the cytotoxicity of such cosmetic actives before their utilization
in cosmetic formulations. In our institution work has been undertaken
to study the ability of natural benzophenones in UV absorption. The
research work is focused on dried fruit rinds of the indigenous species,
Garcinia indica; commonly known as Kokum. In the purview of this,
different extracts have been screened for UV-absorbing ability [1,2]
and it was found that the fruit rinds when treated with non-polar
solvents like butanol or ethyl acetate were much more effective in
UV absorption. When the extracts were incorporated into cosmetic
cream, they showed excellent sun protective factor (SPF). The Garcinia
benzophenones also behaved synergistically very well with commercial
UV protectants like Uvinul A plus, and TiO, [2]. In our previous study,
the authors attempted to develop a sunscreen formulation that is based
on natural benzophenones, bioactive extracted from fruit rinds of
Garcinia indica, a 62.6% garcinol-enriched fraction. The SPF of a cream
formulation containing 3% Octyl methyl cinnamate (OMC) was found
to be 8.05 and it was increased to 14 in the presence of 2.5% Garcinia
extracts (3.68) with an improvement in the UVA protection [3]. OMC
and the Garcinia indica extract acted synergistically.

Polyisoprenylated benzophenones extract from Garcinia is
known to possess anti-proliferative activity against cancerous cells
such as lung cancer [4, 5], hepatic cancer [6], prostate cancer [7], oral
cancer [8], breast cancer [9], colon cancer [10], pancreatic cancer
[11], and leukemic cells [12]. Garcinol is one such poly-isoprenylated
benzophenones that has exhibited high anticancer potential at
extremely low concentrations i.e., the IC,, value on HT29 was found

to bel0 uM [13], for the human leukemia cell line, HL60, it was 9.42
1M [14], gall bladder carcinoma cells, GBD SD, 10.14 ug, and for NOZ
cells it was 10.77 uM [15]. In a particular study, it was documented
that garcinol showed toxic effects against tumorigenic MCF-7 breast
cancer cells but exhibited no effect on non-tumorigenic MCF-10A cells
suggesting specificity against cancerous cells versus normal cells [16].

However, little information is available on the effect of G. indica
on normal cells. Hence the current study was undertaken to analyze
the toxicity of Garcinia benzophenones on mice fibroblast cells
to determine safe non-toxic concentrations suitable for cosmetic
application. The creams formulated with the treated ethyl acetate
extract with the highest garcinol percentage and in-vitro activities such
as anti-oxidant, and UV-absorption [3] were then tested for toxicity.
Since the extract alone and along with OMC exhibited toxic effects, the
cell rejuvenating ability of kokum butter or cocoa butter was exploited
to ameliorate the toxicity. Kokum butter showed better wound healing
potential than cocoa butter. Thus, the resulting formulation containing
OMC, TEAE, and kokum butter thus exhibits enhanced SPF potential,
antioxidant activity, and skin rejuvenating potential.
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Methods and Materials

Mice embryo fibroblast cell line NIH 3T3 ATCC 1640 was procured
from NCCS, Pune. Dulbecco's Modified Eagle's Media DMEM was
purchased from Himedia Laboratories, Mumbai, India, Fetal Bovine
Serum, FBS was procured from Gibco, Thermo Fischer, USA, 100 IU/
mL Penicillin and 100pg/mL Streptomycin, Sodium Lauryl Sulfate,
Sulforhodamine B Dye were purchased from Himedia Laboratories,
Mumbai, India. T25 Flask was taken from Nunc, Nalgene Nunc,
International, Rochester, NY, USA) and 1X trypsin-EDTA 0.25% from
Gibco, Thermo Fischer, USA. The dried kokum rinds were obtained as a
gift from Yojak Foods and beverages Pvt. Ltd., Ratnagiri, Maharashtra,
India. The samples were crushed using a Philips mechanical blender to
give a particle size of 0.5 - 0.7 mm.

Extraction of Garcinia benzophenones in different polar and
nonpolar solvents

The extraction was done via maceration of dried fruit rinds in the
respective solvents in the system of 200g of rinds each in 1L of methanol
(ME) and ethyl acetate (EAE) respectively in a 2.5L flask. The flasks
were given intermittent shaking for 2 days at room temperature and
the extracts were collected, concentrated in a rotary evaporator, kept in
an oven at 60°C for drying, weighed, and stored at RT for further use.

Extractions of high purity Benzophenone fraction from Ethyl
acetate extract TEAE

The ethyl acetate extraction was carried out as described in the
previous section. EAE showed a pH of 1-2, and hence it was washed
with water till the pH of water-treated ethyl acetate extract (TEAE)
reached to 6. The TEAE extracts were further concentrated in a rotary
evaporator, kept in an oven at 60°C for drying, weighed, and stored at
RT for further use.

Cell Culture and Maintenance

The cells were maintained in a T25 flask in DMEM with 10% FBS
and 1% PenStrep. The media was changed thrice a week. The cells were
sub cultured using 1.5ml of 1X Trypsin for 2 mins. The cells were then
centrifuged at 1500 rpm for 5 min in 5mL DMEM and 10% FBS. The
cells were sub cultured in a ratio of 1:3 per T-25 flask. The cells were
used for 10 passages.

Sample Preparation

Different concentrations ranging from 20, 30, 40, 50, 60, 70, and 80
ug/ml were prepared in DMEM after preparing 10 mg/ml of TEAE and
EAE in DMSO. The sample ME was prepared in DMEM at dilutions 25,
50, 100, 200, 300, and 400 pg/ml.

Cell Viability and Proliferation Assay

The methodology for performing cytotoxicity was adopted from
by Kakodkar et al., 2019, to study the cytotoxicity of ME, EAE, and
TEAE extracts. Cells were trypsinized as mentioned earlier and seeded
with a density of 0.5 x 10* cells/ well in a 96-well plate with DMEM
with 10% FBS and 1 % PenStrep. The cells were incubated at 37°C for
24 hours in a CO, incubator with 5% CO,. After 24 hours, the media
was removed and 100 pL extract at varying concentrations in media
without serum was added to the well. 1% IPM was used as solvent
control and 1% SLS was used as a negative control. Media alone was
used as 100% cell control. The cells were again incubated for 22-24
hours. Following incubation, SRB staining mentioned by Orellana and
Kasinski 2016 was utilized to estimate the cell viability. Cell viability
was calculated using the formula Abs (sample)*100/Abs (control),

where Abs (sample) is the absorbance at 530 nm of cells treated with
samples and Abs (control) is media control [17, 18].

Synergistic Effect of Kokum Butter and G. indica extract
(TEAE) on Cell viability

The synergistic effect of Kokum butter and TEAE was evaluated
on the 3T3/NIH fibroblast cell line. As mentioned above the cell
cytotoxicity assay was set up. To the wells, 100 uL of 50 ug/mL of
TEAE and 100, 200, 300, and 400 pg/mL of Kokum butter alone and in
combination were added and cell cytotoxicity and proliferative effect of
kokum butter were estimated in absence of the growth factors.

Formulation of oil-in-water SPF creams

All the materials used for cosmetic formulation were of analytical
Grade. The oil phase and water phase mentioned in table 1 were weighed
in different beakers. Both phases were heated at 65°C in a boiling water
bath. The water phase was kept for stirring in a mechanical top stirrer at
100rpm. When the temperature of both phases came down to 55°C, the
oil phase was added to the water phase to give an oil-in-water emulsion.
The cream was stirred for another 20 mins to ensure complete mixing.
The final weight was measured to be 10.005g. The creams were stored
at RT until further use.

Toxicity of Cosmetic Formulations

The cosmetic formulations mentioned in Table 1 were tested for
toxicity on 3T3/NIH fibroblast cells. The cream formulations were
dissolved in IPM at 100 mg/ml and dilutions were prepared in DMEM
with 10% FBS and 1% PenStrep. The concentrations prepared were
0.0625, 0.125, 0.25, 0.5, and 1.0 mg/ml in DMEM media with 10% FBS.
The toxicity analysis was done as mentioned before [17, 18].

Cell proliferation and Migration Assay (Scratch test)

The wound healing assay was performed using a scratch test
method on the 3T3/HIH fibroblast cell line. 4 x 10* cells /well were
seeded into a 24-well plate in DMEM with 10% FBS and 1% PenStrep.
The cells were allowed to adhere and proliferate till the well was 80%
confluent. A scratch was made using a micropipette tip (200uL) and the
dead cells were removed using media DMEM with 10% FBS and 1%
PenStrep. Samples (0.1mg/ml of the base alone, base with 1% Kokum
Butter, base with 1% Cocoa Butter, base with 2.5% TEAE, and base
with1% KB with 2.5% TEAE) were added to the wells and further
incubated for 24 hours. The area of the scratch at 0 hours and 24 hours
was calculated using Image J Software. Percent wound healing activity
was calculated [19].

Statistical Analysis

All the measurements are expressed as mean + standard deviations.
Analysis of Variance, ANOVA, was calculated using Tukey's multiple
comparison tests to analyze differences, and p<0.05 was an indication
of statistical significance.

Results and Discussions

Toxicity of ME, EAE, and TEAE

In our previous research study, the garcinol content increased as
the non-polar components of the extracts increased. It was found that
ME showed the least amount of garcinol followed by EAE, and TEAE
showed the highest garcinol content up to 62.6% when tested by HPLC
[3]. The effect of garcinol on in-vitro cytotoxicity was evaluated in the
current study. A correlation was obtained between garcinol content
and the cytotoxicity of the extracts.
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Table 1: Cosmetic formulation for SPF creams.

Component Base 1% Kokum | 1% Cocoa | 1% TEAE @ 1% TEAE + @ 2.5% TEAE 2.5% TEAE + 3% OMC 3% OMC + | 3% OMC + 2.5%
Butter (KB) | Butter (CB) 1% KB 1% KB 2.5% TEAE = TEAE + 1% KB
Oil Phase (g)
CCTG 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
IPM 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Cetostearyl 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Alcohol
Stearic Acid 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Propy! Paraben 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Kokum Butter - 0.1 - - 0.1 - 0.1 - - 0.1
Cocoa Butter - - 0.1 - - - - - - -

TEAE - - - 0.1 0.1 0.25 0.25 - 0.25 0.25
OoMC - - - - - - - 0.3 0.3 0.3
Water Phase (g)

EDTA 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Glycerin 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
TEA 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042
Methyl Paraben 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
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Figure 1: Percent Viability of 3T3 mice fibroblast cells against different concentrations for ME.

Toxicity of ME on 3T3 Mice Fibroblast Cell line

As depicted in (Figure 1), at 25 ug/ml of methanol extract the cell
viability slightly decreased (98.92%) to control cells in which viability
was regarded as 100%. But this decrease was insignificant when
analyzed by one-way ANOV A at p-value <0.05. With supplementation
of 50 pg/ml of methanolic extract, the viability increased significantly
to 105.13%. When the concentration of ME was increased from 50 g/
ml to 100 pg/ml also, there was a significant increase in cell viability. It
was 109.85 + 0.006%. Further increase in ME concentration to 200 ug/
ml did not cause much change in cell viability. It was 107.22 + 0.006%.
Concentrations of ME beyond 200 pg/ml caused significant reduction
in cell viability i.e., at 300 pg/ml the cell viability was found to be 95.85
+0.008. At 400 pg/ml the viability was close to 50% beyond which the
extract was toxic. SLS at 1% showed almost complete cell death with
cell viability 15.01 £ 0.006. IPM showed no effect on cell viability with
96.62 £ 0.036%.

Toxicity of EAE and TEAE on 3T3 Mice Fibroblast Cell line

For ethyl acetate extract EAE and fractionated extract (TEAE),
various concentrations from 20 to 80 pg/ml were tested for cytotoxicity

to mice fibroblasts. A standard curve (Figure 2) was plotted for EAE
and TEAE by using values of percent viability obtained on the Y-axis
versus concentrations in pg/ml on the X-axis. A dose-dependent
decrease in percent viability was observed when cells were treated with
EAE and TEAE. The R? value revealed a very strong negative correlation
between the increasing concentrations of EAE (R?=0.9633) and TEAE
(R*=0.9924) in pg/ml and the percent viability.

As seen in Figure 2, the ethyl acetate extract EAE at lower
concentration of 20 pg/ml was not atall cytotoxic but rather proliferative.
At 20 pg/ml the increase in viability of cells was significantly higher
over control when tested by One-Way ANOVA (P< 0.01). Further
increase in concentration from 20 pg/ml to 30 pg/ml and 40 pg/ml,
brought about a decrease in the cell viability i.e., 99.28% =+ 0.023 at 30
pg/ml and 87.42% =+ 0.026 at 40 pg/ml. At 60 pg/ml and 70 pg/ml the
viability was above 50% suggesting the non-toxic concentrations of the
EAEi.e., 62.69 + 0.015% and 54.94 + 0.008% respectively (P<0.01). The
IC,, was at achieved at 80 ug/ml of EAE (Figure 2).

The ethyl acetate extract was also containing HCA and was very
acidic with pH as low as 1-2. So, it was not suitable for cosmetic
formulations and to remove acidic HCA the extracts were fractionated
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Figure 2: Percent viability of 3T3 Mice fibroblast cells upon treatment with EAE and TEAE.

with water. TEAE was also tested for cytotoxicity. The concentrations
20 and 30 pg/ml showed no statistically significant effect on the cell
viability with percent viabilities as 98.50 + 0.050 (p>0.01) and 86.90 +
0.045 (p>0.01). However, there was a significant difference observed at
concentrations 40, 50 and 60 pg/ml, showing cell viability above 50%,
77.57 +£0.033, 60.47 + 0.050 and 52.73 + 0.010 (p <0.01 using One-Way
ANOVA). At 70 pg/ml the cell viability dropped below 50 i.e., 42.50 +
0.018 (p<0.01), at and above which the extract was toxic.

Standard curve was plotted for TEAE (Figure 2) by using values of
percent viability obtained on the Y-axis versus concentrations in pg/
ml on the X-axis. The regression line equation thus obtained was used
to detect the IC_ value of the extracts by substituting 50 in the place of
Y in the equation y = -1.0973x + 119.49. The IC, value was found to
be 63.32 pug/ml for TEAE which was lower in comparison to EAE for
which IC_ was achieved at 80 ug/ml. And for methanolic extract IC 50
was beyond 400ug/ml

Many of the studies conducted on the polyisoprenylated
benzophenone, Garcinol, isolated from Garcinia indica, are concerning
the anti-proliferative and very little literature is available on the effect
of G. indica fruit rinds extract on normal cells.

Recently Ramachandran, et al.,, 2021 used ethanolic extracts of
Garcinia indica on the proliferation of 3T3 preadipocytes. Their study
intended to check whether HCA containing ethyl acetate extract could
inhibit the differentiation of preadipocytes to adipocytes. The 50% cell
death of adipocytes was observed at 141 pg/ml concentration of ethyl
acetate extract of G. indica. The extract could inhibit the adipocyte
differentiation significantly and dose-dependent inhibition was quite
visible with the extract. Differentiation was inhibited to an extent of 20-
25% in 50-100 pg extract-treated cells compared to untreated control
cells. In the present study also for mouse embryo 3T3 fibroblast, with
methanolic extracts the 50% cell death was not achieved up to 400 g/
ml suggesting for normal fibroblast cells the extracts are not cytotoxic
up to 400 ug/ml [20]. For EAE and TEAE, the IC_ values were found to
be 80pg/ml and 63.3 pg/ml respectively (Figure 2).

As compared to G. indica, more data of toxicity evaluation is
present for benzophenones extracted from G. mangostana. In a
research study conducted by Ngawhirunpat el al., 2010, two extracts
of G. mangostana, aqueous methanolic and hexane, was tested for
their cytotoxic effect on human keratinocytes. The methanolic extract

displayed less cytotoxic effects i.e., IC , was more than 200 pg/ml
in contrast to the hexane extract (IC,) = 30 pg/ml). A correlation
was studied between the toxicity of extracts and the presence of the
Garcinia benzophenone, alpha mangosteen. It was evident that higher
toxicity was related to a higher amount of alpha mangosteen present in
the hexane extract up to 28.7%, in contrast to methanolic extract with
15.5% of alpha mangosteen [21]. Similar results were obtained in the
current study.

A patent published by Deodhar et al., 2022, and the previous work
done revealed the percentage of garcinol present in each of these three
extracts (ME, EAE, and TEAE) [3]. It was evidently seen that the
garcinol content increases in decreasing polarity of the solvents. The
correlation between garcinol content and solvents used is also reflected
in the toxicity analysis. There was a negative correlation between
garcinol content and IC, value for toxicity of the extracts i.e., -0.652
using Pearson’s Correlation statistic method (Figure 3).

Toxicity of cream formulations containing TEAE

Before testing the products for their efficiency, it is crucial to
determine the safety of the cosmetic products involving a new chemical
entity (NCE). Since water-treated ethyl acetate extract of G. indica fruit
rind is not been used as a cosmetic ingredient before, it was important
to achieve its toxic profile in-vitro. The use of animal models for
testing the safety of cosmetics is banned and hence cell culture tests
have become vital in testing the safety of these products. In order to
determine the irritation potential and toxicity of the cosmetic products
on skin cells, 3T3/NIH mice fibroblast cells were utilized. The toxic
dose of the cosmetic formulation is the concentration above which the
cell viability is below 50%, also called as IC,, value.

As seen in fig 4, the base formulation without any active ingredient
showed cell proliferation at concentrations of 0.03125, 0.0625 and
0.125 mg/ml with percentage viabilities of 106.99, 104.78, and 103.32%.
The cell viability declined below 100% after concentrations of 0.25 mg/
ml. At 0.25 mg/ml the cell viability was found to be 88.85%, at 0.5 mg/
ml it was 83.91% and 1 mg/ml the cell viability was 75.72%. As the cell
viability at 1 mg/ml was higher than 50%, the IC, value of the base
formulation can be considered to be above 1mg/ml.

The formulation prepared by adding the active ingredient TEAE
at 1% and 2.5% was also tested for safety profiling. The formulation
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Figure 4: Toxicity of cream formulations on the mice fibroblast cell line.

containing 1% TEAE at the lower range of concentration up to 0.25
mg/ml looks to be more effective compared to the usual cream base.
At 0.0625 mg/ml the cell viability was 108.00% whereas the viability
of cream base at the same concentration was 104.78%. At 0.25 mg/ml
the viability of TEAE-containing cream was 100.87% whereas for the
cream base it was only 88.85%. But as the concentration of TEAE was
increased to 1mg/ml the cell viability drastically reduced to 68.41%
whereas for the cream base it was 75.72%. But for both creams, it was
above 50% cell death. When the formulation contained 2.5% TEAE 1
mg/ml concentration the cell viability drastically decreased to 10.44%.

Toxicity of Cream Formulations containing Natural Butters

The viability of the base formulation at Img/ml concentration was
itself showing only 75.72% cells. To increase the cell viability of base
cream formulations rejuvenating adjuvants like cocoa butter or kokum
butter were screened (Figure 4).

When 1% cocoa butter cream formulation was also tested for
its proliferative ability, it was observed that both the formulation

containing cocoa butter and the base formulation showed the same
pattern for cell viability up to Img/ml. At lower concentrations such
as 0.03125 and 0.0625 mg/ml in the cocoa butter formulation cell
viabilities were slightly higher in comparison to the base formulation.
At0.0625 mg/ml, the cell viability in cocoa butter was 111.11% whereas
in cream base it was 104.78%. However, from 0.125mg/ml onwards
the cell viability was almost the same indicating no effect of the butter
added on cell viability. At 0.5mg/ml the cell viability in the cocoa butter
formulation was 88.13% and that of the base formulation it was 83.91%.
And at 1 mg/ml concentration, viability in cocoa butter formulation
was 74.27% and in base cream formulation it was 75.72%.

However, when the base was enriched with 1% kokum butter
showed a statistically significant increase in cell viabilities at all the
tested concentrations in comparison to the base formulation. The 1%
kokum butter-fortified formulation was found to be proliferating till
0.5 mg/ml. Also, at 1.0 mg/ml, the cell viability was found to be 98.53%.
This formulation can be considered to be highly rejuvenating in nature
due to its cell-proliferating capacity. At 0.03125 mg/ml the cell viability
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was found to be 121.82mg/ml, followed by 112.68% at 0.0625mg/ml,
111.88% at 0.125mg/ml, 110.36 at 0.25mg/ml and 109.39% at 0.5mg/
ml.

Fortification of TEAE with kokum butter

Kokum butter is known in Ayurveda as vrukshamala Beeja Taila
and is used in the management of cracked heels [22]. Traditionally it
is used to treat dry and dead skin, stretch marks, sores and stomach
ulcers. But until now there are no systematic reports validating the
regenerative ability of kokum butter. Hence this study was undertaken.

Cell proliferative ability of Kokum butter

Kokum butter was tested at 4 different concentrations (100, 200,
300, and 400 pg/ml) on the 3T3 cell line. The entire experiment was
conducted in serum-deprived conditions. In Media with FBS, the
viability was regarded as 100% while serum-deprived medium viability
was reduced to 90.47%, kokum butter was replaced by serum and cell
viability was assessed. Though 100 pg /ml of kokum butter was not
enough to nullify serum deprivation where the viability was reduced to
88.9% the higher concentrations of kokum butter replenished the cells
from serum deprivation

The concentrations of 200 ug/mL, 300 pug/mL, and 400 pg/mL gave
cell viability as 102.77%, 102.47, and 110. 961% respectively. Since the
cell viability was above 90% the concentrations of 200 ug/mL, 300 pg/
mL, and 400 pg/mL of kokum butter were considered proliferative.

Synergistic Effect of TEAE and Kokum Butter

The concentration of TEAE extract used was 50pg/ml and the
cell viability found at the concentration of TEAE was 63.39%. TEAE
at 50 pg/ml was tested with different concentrations of Kokum Butter
(100-400 pg/ml) (Table 2). The TEAE was incubated along with these
concentrations there was an increase in cell number in comparison
with plant extract used alone. TEAE along with 100 ug/mL did not give
any increase in cell number. TEAE along with 100 pg/mL of Kokum
butter gave 67.34% cell viability similar to TEAE when used alone
i.e. 69.39%. However, when the concentration of kokum butter was
increased, it could decrease the toxic effect of TEAE and there was an
increase in cell numbers. The 50 ug/mL of TEAE along with 200 ug/mL,
300 pg/mL, and 400 pg/mL gave results as 97.44%, 95.15% and 102.02%
cell viability with p<0.01 (Students T-Test).

Incorporation of various concentrations of TEAE in cosmetic
formulation fortified with kokum butter

The cell toxicity of the formulations containing TEAE (1% and 2.5%)

Table 2: Effect of TEAE and kokum butter alone and in Combination.

Sample Percent Effect of KB
viability on PE
TEAE 50 ug /mL 60.36# N/Ap
KB 100 pg/mL 88.96
KB 200 pg/mL 102.77
KB 300 ug/mL 102.47
KB 400 ug/mL 110.96
TEAE 50 pg/mL and KB 100 pg/mL 67.34 6.88
TEAE 50 pg/mL and KB 200 pg/mL 97.44 37.07**
TEAE 50 pg/mL and KB 300 pg/mL 95.19 34.82**
TEAE 50 pg/mL and KB 400 pg/mL 102.02 41.65*

Media only 100 N/Ap
Media 10% FBS 109.53

* or ** indicates the combinations significant at p-value <0.05 Or <0.001 respectively
using Student’s T-Test.

alone and in combination with 1% kokum butter were also tested for
cell proliferation and rejuvenating capacity. The tested concentrations
were 0.25, 0.5 and 1 mg/ml as these were non-proliferative and/or
cytotoxic concentration of 1% and 2.5% TEAE cream formulations. It
was found that at all the tested concentrations, the presence of kokum
butter effectively increased the cell viability of TEAE formulation in
comparison to when TEAE was present alone (p<0.01).

The 1% TEAE formulation at 0.25mg/ml showed cell viability of
100.87%. When the 1% TEAE cream sample was enriched with 1%
kokum butter, the cream sample showed a cell viability of 106.56%
at 0.25 mg/ml. Similarly, at 0.5mg/ml, the cell viability of 1% TEAE
cream alone was found to be 80.92, whereas, in presence of 1% kokum
butter, the viability was found to be 103.37%. At 1mg/ml as well, the
cell viability of the 1% TEAE cream formulation was found to be
68.41%. However, cell viability at 1mg/ml of 1% TEAE went up 87.17%
in presence of 1% kokum butter.

A similar proliferating effect of kokum butter was evidently seen
when the concentration of TEAE was increased from 1% to 2.5%. At
0.25mg/ml the cell viability was 88.30% in presence of only 2.5% TEAE
and viability were increased to 94.48% in the formulation fortified with
1% kokum butter along with 2.5% TEAE. The same effect was seen
at concentrations higher concentrations. At 0.5 and 1 mg/ml of 2.5%
TEAE as the viability increased by 24.29% and 40.79% respectively.
There was an increase in cell viability from 10.44% to 51.23% at a
concentration of Img/ml of 2.5% TEAE in the absence and presence of
1% kokum butter respectively (Figure 5).

Cell proliferation and cell migration capacity of Kokum
Butter

The in-vitro cell migration assay involves creating a “scratch” in a
monolayer of cells and capturing images before and after the application
of the product at regular time intervals. This test is conducted to mimic
wound healing or cell rejuvenation in-vivo. Since kokum butter had
shown cell proliferation capacity, the formulations made include a
base without any actives, a base with Kokum butter, a base with Cocoa
butter, a base with TEAE, and a TEAE cream fortified with Kokum
butter were tested for cell migration capacity. The cell rejuvenating
capacity of the cream formulations can be attributed to their cell
migration capacity in-vitro.

In the current study, the decrease in the area of the scratch due to
cell movement was considered to be cell migration, and an increase in
cell numbers was considered to be cell proliferation. Both these actions
are equally important for healing wounds.

For media control without any samples added, migration was
observed. The area of the scratch decreased at the end of 24 hours.
However, the cell proliferation was not evidently seen as the in-vitro
wound healing ability of the control was found to be 39.80%. The
samples were dissolved in DMSO and the wound healing and/or cell
migration was completely absent in DMSO control as the area at 0 hours
and 24 hours was found to be 1343154 and 1473026 units respectively.
The base formulation was also tested for wound healing ability. There
was cell migration observed however, no effect on wound healing was
documented. At the end of 0 hours and 24 hours, the area of the scratch
reduced from 1815878 units to 1658787 to give 8.65% scratch healing.
Also, at 0.1 mg/ml the base formulation had cell viability of 103%
explaining no effect of base formulation i.e., neither proliferating nor
toxic, the absence of cell migration, or inability of base formulation to
heal the scratch may be attributed to the presence of DMSO.

However, both the butter Cocoa and Kokum showed a significant
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Figure 5: Cell proliferating effect of Kokum Butter in cosmetic formulations containing TEAE.

(p<0.01) cell migration and scratch healing capacity at 0.1 mg/ml as
compared to media control. The area of the scratch at 0 hours and
24 hours in presence of 1% Cocoa butter significantly reduced from
1958082 to 718584 to give a percent scratch healing of 63.24%. There
was visible cell migration and cell proliferation that was seen due to the
presence of cocoa butter in the base formulation.

When the base was supplemented with 1% Kokum butter,
complete wound healing was found at the end of 24 hours. The scratch
area was reduced to 83565 units at 24 hours from 2090754 at 0 hours.
The percent scratch healing ability of 0.1 mg/ml of 1% Kokum butter
in the base formulation was found to be 96.00%. From the pictures, the
density of cells was also found to be highest when treated with Kokum
butter in comparison to Cocoa butter. 1% Kokum butter in the base
formulation was found to be 1.5X more significantly effective (p<0.01,
Independent T-Test) than 1% Cocoa butter (Figure 6).

Since the Kokum butter effectively increased cell proliferation,
showed cell migration, and was capable of fully healing the scratch, it
was selected to increase the cell rejuvenation capacity of formulation
with 2.5% TEAE. Further, both the formulations, base with 2.5% TEAE
and base with 2.5% TEAE fortified with 1% Kokum butter were tested
for cell migration and scratch healing ability in-vitro on 3T3/NIH mice
fibroblast cell line.

In order to increase the cell rejuvenating potential of 2.5% TEAE
skin cream, kokum butter was added at a 1% concentration. From the
cell proliferation assay, it was found that kokum butter was able to pacify
the detrimental effect of TEAE extract in-vitro on 3T3 mice fibroblast
cell lines. This cell proliferating ability was extended to check the cell
rejuvenation ability of Kokum butter in presence of TEAE extract.

The TEAE extract when added to a cream formulation was unable
to heal the scratch. Cell migration was found to be completely absent;
cell proliferation was seen though was not effective enough to heal
the wound. The area of the scratch at the end of 24 hours reduced to
1682282 units from 2090754 units at 0 hours. The area of scratch at
the end of 24 hours was only reduced by 19% which was significantly
lower than the media control (p<0.01, Students T-test) explaining the
absence of cell rejuvenation capacity of TEAE extract.

However, in presence of Kokum butter, it was found that when the
TEAE formulation was fortified with 1% Kokum butter cell migration
improved and cell proliferation was evident and led to scratch healing
ability. The area of the scratch was 2162972 and 1035099 units at the
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Figure 6: Cell migratory effects of kokum butter-containing formulations on mice
fibroblast cell line.

end of 0 hours and 24 hours. This resulted in scratch closure higher
than media control from 39.80% to 52.14% at the end of 24 hours
(Figure 7).

Effect of OMC and TEAE cream formulation fortified with
Kokum butter on 3T3 cell lines

As stated earlier the authors attempted to boost the SPF of the
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Figure 8: Proliferative effect of Kokum butter on formulations containing OMC and TEAE.

formulation containing octyl methoxycinnamate (OMC) with TEAE.
The SPF of the formulation with 3% OMC was found to be 8.05.
However, supplementation with TEAE boosted the SPF to 13.93 and
there was also an improvement in UVAPF which improved from
1.09 to 1.94 [3]. The development of sunscreens containing a reduced
concentration of chemical UV filters, even though, possesses broad-
spectrum effectiveness with the use of natural raw materials that
improve and infer UV absorption is of great interest. Due to the
structural similarities between polyphenolic compounds and organic
UV filters, they might exert photo protection activity [23].

However, when the SPF formulations containing OMC were tested
for cytotoxicity, it was found that there was a significant decrease in
the viability of the fibroblast cells at higher concentrations (Figure
8). At 1 mg/ml concentration the viable cell count of 3T3 dermal
fibroblasts of the base formulation was 75.72%. When 3% OMC was
added to the formulation the cell viability was decreased to 52.48%. An

addition of 2.5 % TEAE extract to the above formulation decreased the
viability further to 15.94% at 1 mg/ml. To overcome this difficulty the
adjuvants like algal polysaccharides or kokum butter were added to the
formulation (Patent). As seen in Figure 8 when 1% Kokum butter was
added to the cream containing 3% OMC and 2.5% TEAE the cell viability
increased to 74.80% i.e., the cream is not at all toxic but proliferative.
The addition of 1.5% algal polysaccharides not only improved the cell
viability to 68.51% but there was also an improvement in SPF which
was increased to 14.19 and UV A-PF was improved to 2.52 [24].

Skin irritation test for cream formulation

Certain ingredients such as tween 20, sodium lauryl sulfate,
and triton X-100 are used to classify cosmetic formulations as mild,
moderate, or extreme irritants. If the IC,, value of the formulation
is above tween 20, then the product is a non-irritant. If the product
shows an IC,, value between the IC,, values of Tween 20 and SLS, then
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Table 3: Summary of cytotoxicity of the cosmetic cream formulations.

Formulations Toxicity Index Irritation Profile
IC 50 Value

Base >1 mg/ml Practically NOT an Irritant
1% Cocoa Butter (CB) >1 mg/ml Practically NOT an Irritant
1% Kokum Butter (KB) >1 mg/ml Practically NOT an Irritant
1% TEAE >1 mg/ml Practically NOT an Irritant
1% TEAE + 1% KB >1 mg/ml Practically NOT an Irritant
2.5% TEAE 0.42 mg/ml Practically NOT an Irritant
2.5% TEAE + 1% KB >1 mg/ml Practically NOT an Irritant
3% OMC >1 mg/ml Practically NOT an Irritant
3% OMC + 2.5% TEAE 0.6 mg/ml Practically NOT an Irritant
3% OMC + 2.5% TEAE + 1% KB >1 mg/ml Practically NOT an Irritant

the product is a mild irritant. The formulation is a moderate irritant is
the IC_; value of the product falls between SLS and triton X-100. And
finally, the product is an extreme irritant if the IC, value of the product
is less than the IC,_ value of triton X-100 [25, 26].

The toxicity profile and irritation of the cream formulations in
the current study were tested on 3T3/NIH fibroblast cell line using
standard reference materials known to cause mild (tween 20), moderate
(SLS), and extreme irritation (triton X-100). The IC_; value of each of
the formulations was calculated using a graph plotted for cell viability
of 3T3/NIH fibroblast cells on the Y-axis versus the concentration of
individual products on the X-axis. The IC, value of tween 20 was found
to be 0.342 mg/ml, SLS was 0.07 mg/ml and triton X-100 was 0.02 mg/
ml. As mentioned earlier, since the IC,, value of all the formulations was
above the IC,, values of the irritants used in the study, all the samples
were considered to be practically safe with p-value <0.01 (Table 3).

As per the Japanese Ministry of Healthcare and welfare guidelines
for manufacturing cosmetics and quasi-drugs, if the IC_| value of the
cream formulation is higher than the reference standards (Tween 20,
SLS, and Triton X 100), the cream formulation can be concluded to
be a practically non-irritant sample [27]. The data also suggests that
incorporating the formulation containing 2.5% TEAE with Kokum
butter in the absence or presence of OMC has increased the IC,_ value
from 0.42 mg/ml and 0.6 mg/ml respectively, to 1 mg/ml explaining the
regenerative effect of Kokum butter (Figure 9).

Conclusion

As per our previous research, sunscreen formulation with 2.5%
TEAE and 3% OMC showed higher SPF and increased critical
wavelength offering protection in the UVA region as compared to
OMC cream alone. However, the formulation was found to show
detrimental effects on the cells. Hence in the current study, the
fortification of Kokum butter in the cream was done to substantially
reduce the toxicity making it regenerative.
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