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Abstract: To prevail over the irrational use of commercial skin lightening creams, this study assessed the de-pigmenting
efficacy of various branded skin-lightening creams. Four well known branded creams were selected for this purpose and
coded as P-I, P-II, P-IIl and P-IV, respectively. Earlier than In-vivo evaluation of the creams, physicochemical
characterization and /n-vitro stability studies of the creams were carried out to guarantee the quality of the creams. In-vivo
evaluation of the creams was performed in human volunteers. The effects of creams on Erythema, skin melanin, trans-
epidermal water loss (TEWL) and moisture sebum were recorded. Towards the end of the study,” Panel test” was
conducted with volunteers to review their sensory evaluation about the creams. The results of physicochemical
characterization and stability analysis recommended that creams were appropriate for skin application at room
temperature. P-I and P-IV creams demonstrated highest de-pigmenting efficacy and controlled the Erythema and TEWL.
On the other hand, the skin sebum contents were ideally controlled by P-IV cream while skin moisture contents were
increased upto 21.0% by P-lcream. These results concluded that cream P-I was most suitable for skin-lightening with

added advantages of increasing skin hydration and controlling skin sebum contents.
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1. INTRODUCTION

In today’s global world, people are aware oftheir beauty
and well-being. The market share of beauty products used
for skin moisturizing, skin whitening, wrinkle care and anti-
ageing is increasing radically. So, numerous skin-lightening
products are commercially available over the counter (OTC)
to obtain lighter skin complexion. Clinically, such creams
are prescribed to treat hyper pigmentation disorders
including Melasma and Linea nigra [1]. Even in the
cosmetics market, many functional products such as those
developed for skin moisturizing, skin whitening, wrinkle
care and anti-ageing skin have been launched over last two
decades [2]. The misleading advertisement and irrational use
of such creams may result in severe adverse consequences to
human skin. Thus, it is the need of time to generate
awareness among masses about the causes of skin darkness
and use of skin lightening creams. Furthermore, the quality,
stability and efficacy of commercially available skin
lightening agents should be evaluated.

To assess a de-pigmenting agent, it is important to be
aware of the mechanism and causes of skin pigmentation.
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Human skin color is primarily dependent on a pigment called
melanin, which is mainly synthesized in organelles of the
neurocrest-derived melanocyte in skin [3]. The foremost role
of melanin is to shield human skin from harmful effects of
UV radiations from sun light [4]. Hyper pigmentation of skin
is generally related to an increased number of melanocytes
and hyperactivity of tyrosinase enzymes involved in melano-
genesis [5]. The biosynthesis of the melanin (melaninoge-
nesis) is improved by over activation of enzyme tyrosinase
upon exposure to UV radiations. Tyrosinase isinvolved in
the first two steps of melaninogenesis (i) the hydroxylation
of L-tyrosine to L-dihydroxyphenylalanine (ii) its subsequent
oxidation to the corresponding quinine [6, 7]. These steps are
the rate-limiting steps in melaninogenesis as rest of synthesis
can proceed spontaneously [4].

Even though melanin plays a vital role in protecting skin
from UV radiation, yet the over production and
accumulation of melanin in specific parts of the skin has
become an esthetic problem. This phenomenon has resulted
in the discovery of several potent depigmenting agents. As
tyrosinase plays a key role in the melaninogenesis, most of
the skin lightening agents reduce melanin production by
inhibiting enzyme activity [8] through different mechanisms:
(i) interference with its transcription and/or glycosylation,
(i1) reduction in by-products (iii) inhibition by different
modalities and (iv) post-transcriptional control [9, 10].
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Table 1. Active Ingredients of the Creams (* as Provided on Product Package) and their Effect on Skin

Code Active Ingredients* Effect on Skin
EthylhexylMethoxycinnamate Sunscreens (absorb UV-A&B radiations)
Aluminium Starch Octenylsuccinate Enhance the sun protection factor
Phenylbenzimidazole Sulfonic Acid Primarily UV-B protecting agent
Benzyl Salicylate Absorb UV
P CL 77891/titanium dioxide Opacifying, UV Absorber, UV Filter
Gentianalautea Extract Antibacterial/Anti-Acne , Anti-Irritant
Sodium citrate Antioxidant
Terephthalylidene Dicamphor
. UV filter
Sulphonic acid
Tetra-sodium EDTA Chelating agent
UV Protecting Agents Sun screening effect
Anti- aging, Sun screening, Improve skin's
P-II Vitamin B3
elasticity, Enhance skin’s barrier functions
Vitamin E Antioxidant, Skin conditioning
Vitamin B3 Anti- aging, Sun screening, Improve skin's
elasticity, Enhance skin’s barrier functions
Sodium Ascorbyl Phosphate
Collagen stimulator, Skin lightener, Antioxidant
Vitamin E Antioxidant, Skin conditioning
P-I1T
Pyridoxine Hydrochloride antibacterial and antioxidant
OctylMethoxy Cinnamate Absorb UV-B and UV-A rays
Butyl Methoxydibenzoylmethane UV absorber, UV filter
Allantoin Natural regenerating, Protecting agent
Disodium EDTA Chelating agent
Herbal Extract As whitening agent
P-IV
Hydroquinones Depigmenting agent
Sun Screen Agents UV protector

In addition to the efficacy of the depigmenting agent, the
stable and safe formulation of skin lightening creams also
plays pivotal role in achieving desired effects. Therefore, the
skin lightening creams and agents should be independent of
safety and stability issues prior to commercialization. These
issues of quality and safety of creams become worse in
developing countries. In such countries lack of education,
poverty, improper storage facilities and insufficiency of
regulatory agencies may lead to the introduction and sale of
substandard creams in the market. The irrational use of such
creams due to misleading advertisements may result in
severe side effects to the human skin. These creams must be
screened by proper in vitro and in vivo testing prior to the
commercialization.

A number of skin-lightening creams are available OTC in
Pakistan. Cream manufacturers attract the consumers by
advertising the skin lightening effect of their products in
social and main stream media. In this study, we conducted
the comparative quality and stability analysis of four

commercially available skin lightening creams. There after,
effects of creams on skin melanin, erythema, moisture,
sebum and trans-epidermal water loss (TEWL) were
evaluated in human volunteers.

2. METHODOLOGY
2.1. Materials

Four Branded skin-lightening creams were purchased
from local market in Pakistan. The creams were coded as P-
I, P-II, P-IIl and P-IV. The brand names of creams are not
mentioned in this manuscript due to legal restrictions.
However, the detail of the ingredients claimed by
manufacturers on product package and their effects on skin
is provided in Table 1.

2.1.1. Instruments

The instruments used in this study includes Cutometer,
Mexameter, Corncometer, Sebumeter and Tewameter MPA
5, MPA 580 (Courage and Khazaka, Deuschland); To
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measure the humidity, Digital Humidity Meter (TES
Electronic Corporation, Taiwan) was used; Cold Incubator
(Sanyo MIR-153, Japan); while hot Incubator (Sanyo MIR-
162, Japan) were used for incubation purpose; Conductivity-
Meter (WTW COND-197i, Germany); homogenizer (Euro-
Star, IKA D 230, Germany) and pH-Meter (WTW pH-197i,
Germany) were used.

2.2. Physicochemical Characterization of Creams

Prior to the application of creams in human volunteers,
physicochemical characterization of creams was done to
ensure the quality of the creams. The types of creams were
assessed by dilution with oil and water separately. The pH
and electrical conductivity values of creams were determined
at 8°C+0.1°C, 25°C+0.1°C, 40°C+0.1°C and 40°C+0.1°C in
incubator at 75% relative humidity (RH).

2.3. Stability Studies

Stability tests of products were acquired under various
conditions in order to record these effects. The stability
parameters were studied carefully by keeping the samples at
8°C + 0.1°C under refrigeration, 25°C £ 0.1°C (in incub-
ation), 40°C + 0.1°C (in incubation) and 40°C + 0.1°C (in
incubation) at 75% relative humidity (RH). All the creams
were observed for color change, phase separation and
liquefaction at various intervals for 60 days.

2.4. In vivo Evaluation of Creams

In vivo evaluation of creams on human skin was
performed in eighteen healthy male volunteers (ages: 20-
40y). Before the test, a skin specialist carefully examined
theskin conditions of the volunteers. Prior to the study,
volunteers were educated about the importance, risks and
protocols of the study. The consents of the volunteers were
obtained prior to study. On first day, burchard test was
performed in order to check any side reaction of the creams.
Mexameter was used to mark a specified area on forearms
and values for melanin and erythema were recorded. Each
sample (1.0 g approx.) was applied to the marked regions
and was covered with the surgical dressing thereafter. After
24 h, the values for melanin and erythema were noted on
both forearms. On second day of the study, each participant
was provided with two creams for application on the cheeks.
Both of the creams were specified for “right” and “left”
cheek. The volunteers were instructed to apply the cream
twice a day for 8 weeks. Skin measurements were taken for
each individual at end of the week 1-6 and 8.

2.4.1. Skin Melanin and Erythema

The skin melanin contents and erythema were measured
prior to the application of any cream by using mexameter
and then after application of creams at the end of the week 1-
6 and 8.

2.4.2. Skin Moisture Contents

Skin moisture contents were measured on both cheeks on
day one and at the end of week 1-6 and 8 of the study with
the help of Corneometer.

2.4.3. Skin Sebum Contents

Sebumeter was used to measure the skin sebum contents
before application of creams and at the end of week 1-6 and
8 of study.
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2.4.4. Trans Epidermal Water Loss (TEWL)

Net TEWL from the skin was measured by the help of a
Tewameter before application of creams and at the end of
week 1-6 and 8 of study.

2.4.5. Panel Test

At the end of 8" week of study, panel test was conducted
with the volunteers to obtain their observations about the
creams. Different parameters of sensory evaluation like ease
of application, shine on skin and sense of softness, sense just
after application, irritation, spread ability, sense in long term,
were recorded from each individual.

2.5. Statistical Analysis

The statistical analysis of different measured parameters
was conducted (sebum, skin moisture, erythema, melanin,
TEWL, elasticity, pH and electrical conductivity by using
software (SPSS 17.0). Two-way ANOVA was applied to
assess the statistical significance of the results.

3. RESULTS
3.1. Physicochemical Characterization of Creams

The results of the physiochemical characterization of the
creams are presented in Table 2. The pH and electrical
conductivity of creams were determined at 8°C+0.1°C,
25°C+0.1°C, 40°C+0.1°C and 40°C+0.1°C in incubator at
75% (RH) to evaluate the effect of these conditions on the
creams. The pH value of the all the creams at tested
conditions ranged from 5 to 7 suggesting that these creams
were suitable for application on skin [11]. The electrical
conductivity of the creams was lowest for P-IV cream
ranging from 124 to 141 whereas the electrical conductivity
of the cream P-I, P-II and P-III ranged from 309 to 352.
However, the electrical conductivity for P-2 at 40°C was
above 400.

3.2. Stability Studies

The results of the stability studies of the creams are
shown in Table 3. All the creams were tested at 8°C + 0.1°C,
25°C £ 0.1°C, 40°C + 0.1°C and 40°C £ 0.1°C at 75%
relative humidity (RH) to observe any change in color, phase
separation and liquefaction. No change in color of the
creams was observed at all the tested conditions as can be
seen in Table 3. Similarly, no liquefaction and phase
separation was observed for creams P-I and P-II. However,
prominent liquefaction and phase separation was seen in P-I
and P-II at 40°C £ 0.1°C and 40°C + 0.1°C at 75%. These
findings indicated that these creams are not suitable for
usage at 40°C.

3.3. In vivo Evaluation of Creams

Prior to in vivo study, Burchard test was performed on
the forearms of each volunteer to determine any possible
reaction to the creams. The results of the Burchard test
showed no reaction (irritation, hypersensitivity) to creams
indicating that the volunteers were fit for study.

3.3.1. Skin Melanin and Erythema

The weekly percent change in the skin melanin contents
as determined by Mexameter are shown in Fig. (1a). It was
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Table 2. Physical Characteristics of the Creams P-1, P-II P-III and P-IV where W Represents White, OW Represents off-White, N
Represent no Change, P Represents Prominent Change and stands for 75% RH

Time Fresh 15 Days 30 Days 45 Days 60 Days
8°C | 25°C | 40°C | "40°C | 8°C | 25°C | 40°C | "40°C | 8°C | 25°C | 40°C | "40°C | 8°C | 25°C | 40°C | "40°C | 8°C | 25°C | 40°C | "40°C
PI 65| 65| 65| 65 |67| 68 |63 | 62 |66| 65|62 | 58 |65|67 |61 | 61 |65| 68 | 61| 65
w (PI61] 61 |6l | 60 |63] 64|53 | 53 |61 60|51 | 50 |63)59 49 | 48 64|60 |48 | 47
= P 67 67 | 67| 66 | 7|68 |63 | 66 |70 66| 62| 64 |69] 70| 61 | 61 70| 71|60 | 59
PIV|61] 61 | 61 | 61 |62] 63 | 61| 62 [62] 60 |59 | 54 |62]58 |57 | 55 |64] 60 | 55| 58
- PI [315| 315 | 315 | 315 |315| 339 | 337 | 313 |318| 335 | 323 | 341 |326| 337 | 312 | 347 |322 327 | 351 | 349
E}ﬁé PII [ 330 | 330 | 330 | 330 |301| 339 | 370 | 348 |311| 347 | 389 | 341 |300| 351 | 470 | 379 |322| 327 | 489 | 401
é‘é PIII | 309 | 309 | 309 | 309 |313| 339 | 331 | 313 |316| 338 | 323 | 347 |324| 335 | 312 | 346 |322| 327 | 351 | 349
SUpiv| 127 127 | 127 | 127 | 126| 128 | 133 | 134 |135| 137 | 141 | 143 |125| 132 | 131 | 133 | 124 126 | 133 | 132

Table 3. The pH and Electrical Conductivity Values of P-I, P-II, P-III and P-IV Creams at Different Storage Conditions where i

Stands for 75% RH

Time Fresh 15 days 30 days 45 days 60 days
P-I | P-II |P-III| P-IV | P-I | P-IT |P-IIT|P-IV | P-I | P-II (P-IIT|P-IV | P-I | P-II \P-III | P-IV | P-I | P-II |P-III| P-IV

8°C w w w w w w w w w w w w w w w w w w w

_5 25°C w w w w w w w w w w w w w w w w w w w
8 40°C w w w w w w w w w w w w w w w w w w w w
40°C | ow | ow | ow | ow | ow | ow | ow | ow | ow | ow | ow | oW | oW | oW | OW | OW | OW | oW | ow ow

o 8°C N N N N N N N N N N N N N N N N N | N N N
‘13 25°C N N N N N N N N N N N N N N N N N | N N N
2%. 40°C N N N N N N N N N N N N N P N N N P N N
= “40°C N N N N N N N N N N N N N P N N N P N N
‘5 08°C N N N N N N N N N N N N N N N N N | N N N
g 25°C N N N N N N N N N N N N N N N N N | N N N
(i): 40°C N N N N N N N N N N N N N P N N N P N N
'ng; “40°C N N N N N N N N N N N N N P N N N P N N

found that cream P-I and P-II were more efficient in
decreasing the skin melanin level than cream P-II and P-II.
The cream P-1 contains broad spectrum sunscreen agents
(Table 1). As production of melanin is induced by UV-
radiation, it can be suggested that skin lightening effect of P-
I might be due to UV protect ants used in its formulation [12,
13]. On the other hand, depigmenting effect of P-IV can be
attributed to the presence of hydroquinone which is one of
the strongest inhibitor, which plays key role in
melaninogenesis [14-16]. The skin attributed to presence of
UV protectants and vitamin B3, C and E in the formulation
[13]. Previous reports also suggest that these vitamins can
play an important role in skin whitening [17, 18].

The trends of percent change in skin erythema are
presented in Fig. (1b) and the net change in erythema at the

end of study is shown in Fig. (2). As evident from the figure
cream P-I showed maximum decrease in skin erythema
(13.26 %). Whereas creams P-I, P-II and P-III showed
8.84%, 8.9% and 9.5% decrease respectively which was
lesser than P-1.

3.3.2. Trans Epidermal Water Loss (TEWL)

Fig. (1c¢) represents the weekly decrease in TEWL from
volunteer’s skin as measured by Tewameter and Fig. (2)
represents the net TEWL at the end of study. The results
revealed that cream P-I and P-II showed highest decrease in
TEWL from the volunteer’s skin. The order of decreasing
TEWL among the creams was found to be P-I> P-II > P-III
>P-IV with 23.48%, 22.33%, 17.95% and 14.83% net
decrease in TEWL, respectively. This greater decrease in
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Fig. (1). The percent weekly change in skin melanin (a), erythema (b) TEWL (¢), sebum (d), and moisture (e). Mean + SEM (n=9).

TEWL by P-1 and P-2 could be due to presence of
humectants in the formulation of the creams.

3.3.3. Skin Sebum Contents

Sebumeter was used to measure the skin sebum contents
and the results are presented in Fig. (1d) and Fig. (2). It was
found that all the creams were good at decreasing skin
sebum contents. However, P-IV and P-II were most efficient
for this purpose with 30.2 and 27.5% decrease in sebum
respectively. These results suggest that these two creams
could be more suitable for persons with oily skin, and could
be beneficial to control acne.

3.3.4. Skin Moisture Contents

Skin moisture contents of volunteers were measured with
corneometer to evaluate the increase in skin hydration after
the use of cream. The increasing weekly trend in skin
moisture contents of the volunteers is presented in Fig. (1e).
Among the creams P-1 and P-IV were most efficient in
hydrating skin (Fig. 2) which might be due to presence of
moisturizing agent in their formulations. These results
indicated that P-I and P-IV could be more suitable for people
with dry skin as they can hydrate their skin better than P-11
and P-III.
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Fig. (2). The net percent change in skin melanin, erythema, TEWL, sebum, and moisture at the end of 8 week study. Mean £ SEM (n=9).

Table 4. Results of Patch Test with Volunteer Where Average Points Represents the Point Scored by creamsP-I, P-11, P-III and P-IV

on Point Scale of 5

Parameter Average Points P-I Average Points P-II Average Points for P-111 Average Points P-IV
Ease of application 4.45 3.93 3.8 4.25
Spreadability 4.4 3.97 3.75 42
Sense after application 4.47 3.76 3.78 43
Irritation 442 3.79 3.77 4.22
Shine on skin 4.44 3.92 391 431
Sense of softness 4.5 3.86 3.88 4.24

3.3.5. Panel Test

Panel test was conducted with the volunteers at the end
of study to get their sensory evaluation about the creams.
The average points scored by creams on scale of 5 are shown
in Table 4. From the test, creams P-I and P-IV scored more
than 4.25 points for all the sensory parameters whereas
cream P-II and P-II1I scored less than 4 points.

CONCLUSION

This study concludes that when /n-vitro stability studies
of P-1, P-2, P-3 and P-4 in different time intervals i.e. at 0 hr
and then after 12 hrs, 24 hrs, 48 hrs, 96 hrs, 8 days, 15days,
30 days, 45 days and 60 days kept at different environmental
conditions i.e. 8°C, 25°C, 40°C and 40°C + 75% RH for a
period of 60 days were done, it was observed that there was
no change in colour of P-1, P-2, P-3 and P-4 throughout
study period. There was no liquefaction observed in samples
of products kept at different conditions except that after 45

days liquefaction was observed in samples of P-2 kept at 40°
C and 40° C + 75% RH which remained same till 60 days.
There was no phase separation observed in samples of
products at all storage conditions except that after 45 days
samples of P-2 kept at 40° C and 40° C + 75% RH was
separated into two different phases which remained same till
60 days. Electrical conductivity values of samples of
products P-1, P-2, P-3 and P-4 at all storage conditions
remained almost same except that electrical conductivity
values of samples of P-2 kept at 40° C and 40° C + 75% RH
were significantly increased. The pH values showed slight
variations during 60 days study period.

In-vivo study was performed by doing dermatological
tests on human skin and volunteers were selected under the
limitation of volunteer protocols and then firstly patch test
was performed to check any irritation after application of any
of products to be used during study period of 8 weeks
according to which only slight increase in skin erythema
level was observed after 24 hrs. There was decrease in skin



Depigmenting Efficacy of Commercially Available

melanin content after application of products but significant
decrease in melanin content of volunteers was observed after
application of P-1 and P-4. P-2 and P-3 also have slight
whitening effects but P-1 and P-4 have prominent whitening
effects. All of products used by volunteers on cheeks
decreased skin erythema content and produced no skin
irritation throughout the study period and by comparing
effects of products on erythema content it was observed that
P-1 decreased erythema content more than other products.
Skin TEWL was decreased after application of all products
being studied and when effect of products was compared it
was observed that only P-4 decreased TEWL in lesser
quantity as compared to P-1, P-2 and P-3. Skin sebum
content was also reduced on application of products in same
pattern.

The moisture content of skin after application of P-1, P-2,
P-3 and P-4 was increased throughout the study period but
prominent effects were produced by P-1 and P-4.

The panel test was also performed in which different
parameters of sensory evaluation (i.e. ease of application,
spread ability, sense just after application, sense in long
term, irritation, shine on skin and sense of softness) were
observed for P-1, P-2, P-3 and P-4 after their application on
the cheeks of human volunteer according to which P-1 and
P-4 got better points by volunteers than P-2 and P-3.
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