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Abstract

Hydroquinone (HQ) is a whitening or therapeutic constituent in many
cosmetic products, but only allowable at a very low concentration. The
abuse of HQ via frequent and prolonged usage can lead to health issues
such as damage to skin and the sensitive area on the face. In Nigeria,
National Agency for Food and Drug Administration and Control (NAFDAC)
on its cosmetic products prohibition of bleaching agents regulations
2019, stated that no cosmetic products should contain more than 2 %
of HQ alone or 1 % in combination with other lightening ingredients.
This study aimed at qualitative and quantitative determination of HQ content
in selected skin whitening cosmetics sold in Lafia. Atotal of twenty-four (24)
various skin bleaching cosmetics were sampled from Lafia modern market.
Thin Layer Chromatography (TLC) and uv/visible spectrophotometry
were used for qualitative (identification) and quantitative (quantitation)
determination of their HQ concentration, respectively. Ethanol (96 %) was
used to extract HQ, and then TLC analysis at two different laboratories.
At the two laboratories,nine samples (same) out of 24 were found to contain
hydroquinone. The uv/visible spectrophotometric analysis indicated that
the concentration of hydroquinone ranged from 0.99 % to 1.47 % in the
cosmetic products studied.This study revealed that some of the products
were labelled free from HQ or not labelled, and yet contained HQ, unknown
to the consumers. In general, percentage hydroquinone in all the samples
was less than 2 % maximum permissible limit recommended by US FDA
and NAFDAC.
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Introduction

Melanocytes cells are present at the base of the
epidermis, which produces melanin; an essential
dark pigment of macro molecules, which is made
through series of chemical reactions catalyzed by
enzymes." This process is called melanogenesis and
it increase after exposing skin to UV light, making it
to physically(visibly) tan.? Melanogenesis to protect
the hypodermis from the DNA photo damage,
and the initial step of this process is the oxidation
of tyrosine to dopaquinone; a step catalyzed by
tyrosinase.? A chronic skin disorders that result in
brownish facial pigmentation known as melasina
is said to occur due to abnormal accumulation
of melanin on the skin.® Tyrosinase is an enzyme
that is instrumental for melanin synthesis, therefore,
tyrosinase inhibitors applied as whitening or anti-
hyper pigment agents are capable of suppressing
dermal melanin production.*

Body care products are those various health and
hygiene products ranging from dental care products,
moisturizers, essential oil, shaving products, body
creams, body lotions, face gels, body oils to body
cleansing products.® The use of such products
could be an alarming time bomb which demands an
appropriate attention towards its application on the
human skin.® A series of skin lightening (bleaching)
cosmetics and toiletries are currently in use by
various members of the community with an intention
to bleach the colour of skin that is darker; a practice
brought about by racial prejudice; arising from the
misunderstanding that fair skin is superior to dark,
and that an individual with dark skin is less attractive
or fair skin favoured over those with dark skin.”

Hydroquinone being an aromatic organic compound
of the phenol, stands as a derivative of benzene with
the chemical formula CH, (OH),: (benzene-1,4-diol).

HO OH

Fig. 1: Chemical Structure
of Hydroquinone

Hydroquinone naturally exists in various forms.
It occurs in the leaves and barks of some berries
such as blueberries and cranberries.” Some coffee

beans also contain HQ. Tea and coffee made
from these berries and coffee beans, respectively
will contain HQ.® Hydroquinone can as well be
extracted from different fruits, vegetables, and
wheat. As a result it forms part of some wines and
bears.® Industrially, HQ is manufactured in many
countries for various purposes. It was immensely
used for various purposes for example, apart from
its application in agrochemicals and polymers;
hydroquinone also serves as important reducing
agent, as a photographic developer, as an anti-
oxidation or stabilizer for certain materials that
polymerize in the presence of free radicals, and as
a chemical intermediate for the production of anti-
oxidants.'®"" Hydroquinone is also used in cosmetics
and medical pharmaceutical products; it prevents
melanin synthesis by acting as a depigmenting
agent of skin, and stops the transformation of L-3,
4- dihydroxyphenylalanine (L-DOPA) to melanin by
inhibiting tyrosinase due to its structural similarity to
an analog of melanin precursors.'?

Hydroquinone is applied as a skin bleaching
agent with a view to whiten the colour of skin.™
Hyper-pigmentation as a skin disorder could be
cured with HQ products; this inhibits the activity
of tyrosinase enzymes which is responsible for the
initial reaction that results to melanin production.
As aresult, the content of melanin on skin decreases
and skin becomes depigmented. It is conceived
that HQ is the most conventional skin bleaching
agent, however, chemical preparation having 2 to
4 % HQ are prescribed for the treatment of hyper-
pigmentation such as melisma, chloasma and senile
lentigines as well as freckles.® However, various
studies of HQ showed that it has many unfavorable
side effects usually occurring due to long duration
of usage. These include irritative dermatitis,
melanocyte destruction, contact dermatitis and
ochronosis.14 Due to its harmful side effects, the ban
for the use of hydroquinone in cosmetics has been
recommended.™ Even though, numerous studies
point out hydroquinone as a likely carcinogenic,
due its association with a high occurrence of
tumors in rats which had been subjected to doses
of hydroquinone, including thyroid follicular cell
hyperplasia, anisokaryosis, mononuclear cell/
leukemia, hepatocellular adenomas, as well as renal
tubule cell adenomas, it is obvious that hydroquinone
is still being used in developing countries as
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components of some skin-lightening cosmetics.
Hydroquinone toxicity can cause serious side effects
such as kidney and liver damage, nausea, abdominal
pains, blood poisoning, convulsion and can even
lead to coma.’® All of these potentially toxic effects
are possibilities with the plenty application and long
term usage of HQ."”

Major adverse effects of hydroquinone include
irritation in which some users may experience minor
and temporary skin irritation including mild itching or
stinging and reddening of the skin (irritant contact
dermatitis),’® and xeroderma which is a genetic
disorder in which there is a decreased ability to repair
DNA damage that is caused by ultra violet (UV) light.
Symptoms may include a severe sun burn after few
minutes’ exposure to the sun, dry skin and changing
in skin pigmentation'® as well as ochronosis, a blue-
black or gray-blue discoloration. It is rare and more
commonly observed in patients that use a high
concentration of hydroquinone over a long period
on large areas of the body. Studies also proved that
hydroquinone can falsely elevate capillary glucose
when measured with a glucometer.?°

The formulations of hydroquinone (4 %), topical
steroid and other skin lightening agents such as
tretinoin (0.1 %), a zelaic acid (20 %) and kojic acid,
are dermatologically used to cure acne and other
pigmentary disorders such as post inflammatory
hyper pigmentation and hypo pigmentation, vitiligo
or melasma.'” Lightening agents act mainly
by inhibiting the biosynthesis of melanin.® The
mechanism of hydroquinone and mercury is
based on the breakdown of melanin formation by
competitively blocking the activity of tyrosinase
molecule.’

Hydroquinone leads to contact dermatitis, exogenous
ochronosis, and dyschromia.?'All products meant to
lighten the skin are illegal when outside the WHO's
safety regulations. These include mercury and
hydroquinone which with too much and prolonged
application results to poisoning, skin damage, liver
and kidney malfunction. National Agency for Food
and Drug Administration and Control (NAFDAC)
on its cosmetic products prohibition of bleaching
agents regulations 2019, stated that no person shall

import, manufacture, distribute, sell, display for sale
or offer for sale any cosmeticproduct in Nigeria which
contains more than 2 % of hydroguinone alone or 1
% in combination with other lightening ingredients.?

Many whitening cosmetics are sold in Lafia town
without the sellers and the buyers having the
full knowledge of their hydroquinone content
and the effects. Therefore, the aim of this study
was to qualitatively and quantitatively determine
hydroquinone content in some skin whitening
cosmetics sold in Lafia town of Nasarawa State. And
to the best of knowledge of data availability has no
data on literature in Lafia.

Materials and Methods

Study Area

The investigation in this report was conducted
in Lafia Modern Market. Lafia, the capital city of
Nasarawa State as indicated in Figure 3.1 lies
between latitude of 80° 21’ 30” N and longitude of
89° 30’ 20” E. Nasarawa state is located centrally in
the middle belt region and lies between latitude 70°
45° and 90° 25N of equator and between longitude
70° and 90° 37E of the Greenwich meridian. It shares
boundary with Kaduna State in the north, Plateau
State in the east, Taraba and Benue States in south,
while Kogi and Federal Capital Territory flank it in
the west.*

The choice of cosmetic products (creams, lotions
and tubes) selected from Lafia Modern market in
Lafia town, Nasarawa state was informed based
on market survey within the Lafia main-market.
The selected samples were said to be fast selling,
commonly purchased brands and most used for
skin lightening.*

Sample Collection

Twenty four (24) cosmetic products which include:
8 creams, 8 lotions and 8 tubes (gel/creams) were
randomly purchased from cosmetics shops at
Lafia Modern Market and were transported to the
laboratory for analysis. Required information about
each product was noted. These include the product
name, manufacturers and their locations, batch
numbers as well as productions and expiry dates.
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Fig. 1: Lafia map, showing the locations where the samples were collected

Table 1: Samples Designation

S/IN Cosmetic Products Country
Sample Codes Produced

1. Cream A Cote d’lvoire

2. Cream B Cote d’lvoire

3. Cream C Cote d’lvoire

4. Cream D Cote d’lvoire

5. Cream E Togo

6. Cream F Cote d’lvoire

7. Cream G Cote d’lvoire

8. Cream H Nigeria

9. Lotion A Togo

10. Lotion B Togo

11. Lotion C Togo

12. Lotion D Togo

13. Lotion E Cote d’lvoire

14. Lotion F Togo

15. Lotion G Nigeria

16. Lotion H Togo

17. Tube A (gel) Togo

18. Tube B(gel) Cote d’lvoire

19. Tube C(gel) Nigeria

20. Tube D(gel) Nigeria

21. Tube E (cream) Togo

22. Tube F (cream) Nigeria

23. Tube G (cream) Nigeria

24, Tube H (cream) Nigeria

Apparatus and Reagents

Apparatus

Volumetric flask (1000 mL), Chromatographic plate
(20 x 20 cm), UV/VIS spectrophotometer- model:
UV-160A, analytical weighing balance, weighing
dish, spatula, and desiccator.

Reagents

Distilled water, standard hydroquinone, silica gel,
ethanol, methanol, chloroform, sulphuric acid,
acetone and hexane. All reagents used were
of analytical grade (BDH Chemicals Ltd, Poole,
England) with no further purification.

Thin Layer Chromatography (TLC) Analysis
Preparation of sample solution for TLC

Each of the skin whitening cosmetic sample was
prepared by a method used by Ketkomol et al.
(2019). Two grams of each sample was weighed into
a 25 mL beaker. Fifteen mL of 96 % (v/v) ethanol
was added and mixed on the water bath at 60 °C for
10 minutes. The mixture was cooled in an ice bath
until the separation of fats took place. This was then
filtered by using Whatman Filter Paper No.1. The
filtrate was collected for TLC. This same procedure
was used for all samples.
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Preparation of standard solution

The standard solution was prepared by dissolving
0.50 g of HQ Reference Standard (RS) in small
volume of 96 % (v/v) ethanol in 25 mL volumetric
flask and the resulting volume was made up to the
mark.??

Chromatographic Method

Thin layer chromatographic plates (20 x 20 cm)
were made on 0.25 mm thick silica gel (90 g, Merck,
Germany). A mixture of chloroform: ethyl acetate
(3:1) was used as mobile phase at Chemistry
Laboratory of Federal University of Lafia, while
n-hexane/acetone (3:1) and n-hexane/ethyl acetate
(3:1) mobile phases were used at Pharmacognosy
and Herbal Medicine Laboratory, Bayero University,
Kano. The standard and duplicate of each sample
solution were spotted onto the start line of the TLC
plate. This was then placed into the separating jar
containing mobile phase. Twenty micro litres of
each sample and standard solution were deposited
on plates and developed at room temperature to
the height of approximate 16 cm from the start
line. After drying or spraying with 0.2 % ethanolic
dichlorofluorescein, the plate was visually examined
under UV light at 254 nm and 366 nm, respectively.?
The Retention factor (R/) value were calculated using
the following equation:

Rf — Distancemovedbythecompound
f= Distancemovedbythesolvent

Identification of the hydroquinone in each sample
was done by comparison of its Rf value with that of
the standard.

Spectrophotometric Analysis of Hydroquinone
Concentration (Quantitative Analysis)

The Uv/vis spectrophotometric analysis of hydro-
quinone concentration was conducted at Federal
University of Lafia.

A1.00 g (M.W. =110.112 g) standard hydroquinone
was dissolved in 1000 mL of 0.05 M sulphuric acid to
make 1000 ppm. The concentration of hydroquinone
was determined as described by Smith et al. (2009)
to analyze the exact concentration of hydroquinone.

A 1.0 g of each sample was dissolved in 20 cm?® of
0.05 M sulphuric acid in a water bath. This solution
was then transferred into 25 cm? standard volumetric
flask and made up to the mark with the 0.05 M

sulphuric acid. The solution was then filtered with a
filter paper then discarded the first 5 cm?®. The filter
paperwas then rinsed with additional 5 cm?® of sulphuric
acid to remove any retained sample. The concen-
tration of hydroquinone was determined using a UV
spectrophotometer at a wavelength of 320 nm, using
quartz cuvette.

Estimation of A__ (maximum absorption of
hydroquinone)

The standard solution of the prepared hydroquinone
solution was scanned from 302-460 nm using
Shimadzu UV-160A spectrophotometer in order to
determine the maximum absorption. Wave length
with the highest absorbance value was noted. The
maximum wavelength (A ) was used for further
quantitative spectrophotometric measurements.
The absorbance of the blank (using sulphuric acid)
was also taken.

Calibration Curve

After determination of the maximum absorption
of hydroquinone using spectrophotometer, the
absorbance was then traced on the calibration
curve to give the concentration of hydroquinone in
each sample. The calibration curve was obtained
from hydroquinone standard by serial dilutions
of concentrations 10, 20, 30, 40 and 50 pg/mL.
Under the optimum experimental conditions, a good
linear correlation was obtained between the absor-
bance and hydroquinone concentration in the
range from 10 to 50 pg/mL(Table 2 and Figure 1).
The measurements were carried out in triplicate
to obtain a Beer Lambert’s plot. The absorbance
readings of the solutions of the twenty four (24)
samples were also taken at the same wavelength
and the concentrations were determined from the
calibration curve.

Table 2: Calibration Curve Data
for Hydroquinone

Concentration of Absorbance
Hydroquinone (pg/mL) (302 nm)
10.0 0.20

20.0 0.50

30.0 0.60

40.0 0.70

50.0 0.90
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Fig. 1:Standard Hydroquinone Calibration Curve (10 — 50 pg/ mL)
in 0.05 M H,SO, solution at 302 nm. The linear equation is
A =0.017C+0.05 (R? = 0.9897)

Statistical Analysis

A descriptive statistics encompassing means and
standard deviation were computed using Microsoft
Office Excel 2019.

Quality Control

Samples were handled carefully to avoid
contamination. This is a part of quality control
measure to ensure reliability of results. Accuracy was
also ensured in performing the spectrophotometric
procedures and conducted in triplicate.

Results and Discussion

The results of the qualitative and quantitative
determination of HQ content in selected skin
whitening cosmetics sold in Lafia town, Nasarawa
State are as presented in Tables 3-4 and Figure 2,
respectively.

Results of Qualitative Analysis of Cosmetic
Products using Chloroform and Ethyl Acetate
as Developing Solvents

The presence of hydroquinone content was
determined using Thin Layer Chromatography
(TLC),and chloroform/ethyl acetate as developing
solvent as shown in Table 1. The R, value was
compared with Rf value of the standard hydroquinone
(reference hydroquinone solution) which was 0.50.
When 0.2 % ethanolic dichlorofluorescein was
sprayed, various spots, some of which coincided
with that of the reference solution were shown.

The occurrence of more than one spot in a sample
indicated the presence of more than one substance
in the sample. More confirmation was made by
comparing the Rf values of the reference hydrogquinone
(0.50) with the Rf values of sample spots,
which confirms the presence of hydroquinone in nine
of the sampled cosmetic products and fifteen were
found not to contain hydroquinone.

Based on the results obtained, Nine of the cosmetic
products coded as creams A, B, C and D, lotions
A, B, C and D, and tube A (gel) coincided with
the Rf value of the standard hydroquinone (0.50).
Rest of the fifteen sampled cosmetic products
did not coincide with the Rf value of the standard
hydroquinone (0.50). The results of this study were
in line with the findings of Siddique et al** and
Mastore et al.’!

Results of Qualitative Analysis of Cosmetic
Products using n-hexane/acetone and n-hexane/
ethyl acetateas Developing Solvents

The results obtained fromPharmacognosy and
Herbal Medicine Laboratory, Bayero University,
Kano using n-hexane/acetone and n-hexane/ethyl
acetate as mobile phases were in agreement with
those of Chemistry Laboratory, Federal University
of Lafia. The R, value of the standard hydroquinone
(referencehydroquinone solution) from Bayero
University was 0.51, almost the same with thatof
Federal University of Lafia (0.50) with a negligible
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difference of 0.01.The Rf values of the reference  tube A(gel) obtained from Federal University of Lafia.
hydroquinone (0.51) also coincided with the Rf  Thisis a further confirmation that those nine samples
values of sample spots of the same nine samples;  contained hydroquinone.

creams A, B, C and D, lotions A, B, C and D, and

Table 3: Results of Qualitative Analysis of Cosmetic ProductsUsing Chloroform and Ethyl
Acetateas Developing Solvents (Chemistry laboratory, Federal university of Lafia)

S/N. Cosmetic Products Country R, Rf Value for Standard
Sample Codes Produced Value Hydroquinone

1 Cream A Cote d’lvoire 0.5 0.5

2 Cream B Cote d’lvoire 0.5

3 Cream C Cote d’'lvoire 0.5

4 Cream D Cote d’lvoire 0.5

5 Cream E Togo 0.6

6 Cream F Cote d’lvoire 0.88

7 Cream G Cote d’lvoire 0.67

8 CreamH Nigeria 0.7

9 Lotion A Togo 0.5

10 Lotion B Togo 0.5

11 Lotion C Togo 0.5

12 Lotion D Togo 0.5

13 Lotion E Cote d’lvoire 0.75

14 Lotion F Togo 0.98

15 Lotion G Nigeria 0.67

16 Lotion H Togo 0.77

17 Tube A (gel) Togo 0.5

18 Tube B(gel) Cote d’lvoire 0.87

19 Tube C (gel) Nigeria 0.94

20 Tube D (gel) Nigeria 0.88

21 Tube E (cream) Togo 0.75

22 Tube F (cream) Nigeria 0.68

23 Tube G (cream) Nigeria 0.76

24 Tube H (cream) Nigeria 0.95

Table 4: Results of Qualitative Analysis of Cosmetic Products Using n-hexane/acetone
and n-hexane/ethyl acetate as Solvents (Pharmacognosy and Herbal Medicine
Laboratory, Bayero University, Kano)

S/N. Cosmetic Products Country R, R, Value for Standard
Sample Codes Produced Value Hydroquinone

1. Cream A Cote d’lvoire 0.51 0.51

2. Cream B Cote d’lvoire 0.51

3. Cream C Cote d’lvoire 0.51

4. Cream D Cote d’lvoire 0.51

5. Cream E Togo 0.61

6. Cream F Cote d’lvoire 0.83
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7. Cream G Cote d’lvoire
8. CreamH Nigeria

9. Lotion A Togo

10. Lotion B Togo

11. Lotion C Togo

12. Lotion D Togo

13. Lotion E Cote d’lvoire
14. Lotion F Togo

15. Lotion G Nigeria

16. Lotion H Togo

17. Tube A (gel) Togo

18. Tube B(gel) Cote d’lvoire
19. Tube C (gel) Nigeria

20. Tube D (gel) Nigeria

21. Tube E (cream) Togo

22. Tube F (cream) Nigeria

23. Tube G (cream) Nigeria

24. Tube H (cream) Nigeria

69

0.67
0.72
0.51
0.51
0.51
0.51
0.65
0.92
0.76
0.79
0.51
0.85
0.91
0.83
0.77
0.65
0.74
0.98

Cream D
Cream B
Lotion C
Cream C
Lotion B

Cream A

Cosmetic products

Lotion D
Tube A
Lotion A

0.99 1.33

% Hydroquinone

1.44

1.38

1.34 1.37

Fig. 2: A graph of Percentage Hydroquinone against Cosmetic Products

Concentration of Hydroquinone

The results of the quantitative uv/visible spectro-
photometric hydroquinone determination in this
study for twenty-four skin whitening cosmetics
sampled from various retail shops in Lafia Modern
Market, which are commonly used in Lafia,
Nasarawa State were reported in Figure 2. Some of
the packages of the cosmetic products were labelled
2 % of hydroquinone which included creams A, B, C
and lotion C, while others were not labelled. In the
creams the concentration ranged from 1.33 — 1.47
%. Cream A had the least concentration of 1.33%
while cream D recorded the highest value of 1.47 %.
Percentageconcentration ofhydroquinone in lotions
ranged from 0.99 — 1.38 % with lotion C having
the highest value (1.38 %), and lotion A with the

lowest value(0.99 %).Only tube A (gel) with 1.31 %
had hydroquinone out of the tubes sampled. It was
revealed from this study that some of the cosmetics
products were not labelled of hydroquinone on
their packages, and yet contained hydroquinone.
These include cream D, lotions A, B, D and Tube A.
Percentage concentration of hydroquinone on the
cosmetic products were of the following decreasing
order: cream D > cream B > lotion C > cream C >
lotion B > cream A = lotion D > tube A > lotion A.
Absence of hydroquinoneon fifteen out of twenty-
four of the samples suggests that the cosmetic
formulations may be safely applied on the skin.

The content of HQ in all the studied samples was
less than 2 %, the upper limit permitted by NAFDAC?
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and US FDA.?" Lee et al.' had previously reported a
concentration of 2.65 % in creams which was higher
than the result obtained in this study. Lin et al.?®
had also reported hydroquinone concentration
of 2.65 % for skin whitening body lotions which was
also higher than the one of present study. As earlier
mentioned, some cosmetic products sampled in this
study claimed no concentration of hydroquinone in
their formulation (as it was not displayed on their
product label), however, the findings in this study
revealed that such products contained appreciable
concentration of hydroquinone. In general, cream
D had the highest percentage concentration of
hydroquinone but the label claimed to be free
from hydroquinone. Even though the percentage
concentration of hydroquinone of the samples of this
study were less than maximum permissible limit of
US FDA and NAFDAC of 2 %, their continuous and
prolonged usage may cause some bad health issues
such as permanent skin damage, disfigurement,
irritation, bleaching or skin cancer and so on. It is
therefore necessary for regulatory agencies like
NAFDAC to regularly monitor cosmetic products
to ascertain their level of hydroquinone whether
labelled on the products or not. The regulatory
agencies should also ensure that warnings of the
health effects of frequent and prolonged usage of
such products (hydroquinone content-labelled) are
indicated on their packages. This is because some
of the products meant for moisturizing, soothing and
softening of skin that are not hydroquinone-labelled
or written free from hydroquinone may contain
hydroquinone unknown to the consumers. Again, the
cosmetic products containing hydroquinone that are
labelled meant for therapeutic purposes are abused
by consumers, and used for skin lightening instead
of the treatment purpose. And unfortunately, most
users do not know the health hazards of frequent
and prolonged use of cosmetic products that contain
hydroquinone.

Conclusion Andrecommendations

Conclusion

The sampled skin whitening cosmetics in this
study are commonly used by ladies in Lafia. The
result obtained from the qualitative and quantitative
analysis revealed that some of the skin whitening

cosmetics (creams, lotions and tubes) sold in Lafia,
Nasarawa State contained hydroquinone (HQ).
Even though, it was below US FDA and NAFDAC
maximum permissible limit of 2 %, the danger in
this case is that some products were labelled free
from HQ or not labelled, unknown to users. And
frequent and long term usage of such skin whitening
cosmetics has been associated with acute and
chronic toxicity to health.

Recommendations

Based on the findings of this study and the harmful
effects caused by HQ, it is of high recommendation
that there should be a regular monitoring and
evaluation of its content on cosmetic products by
US FDA and NAFDAC, and the embargo on the
use of hydroquinone in skin whitening cosmetics in
Nigeria should be enforced. NAFDAC should also
enforce the labelling of the health hazards of long
term usage of cosmetics containing HQ, and educate
the populace on same issue.

A long term research work should be should be
carried out to ascertain the effects of exposure to
cosmetic products containing hydroquinone and
other benzene metabolites.
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