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ORIGINAL ARTICLE

Increased Skin Irritation by Hydroquinone and 
Rsetinoic Acid Used in Combination

Gwang Hoon Kim, Kyung Ah Cheong, Ai-Young Lee

Department of Dermatology, Dongguk University Ilsan Hospital, Goyang, Korea

Background: Hydroquinone (HQ) is frequently combined 
with retinoic acid (RA) to enhance lightening efficacy, which 
may also affect skin irritancy. Although skin irritation leads to 
postinflammatory hyperpigmentation, little research has 
been performed to compare skin irritancy between each 
component and the combination. Objective: This study was 
done to examine whether HQ-RA combination increased 
skin irritation induced by HQ or RA alone. Methods: Patch 
testing was performed using maximum therapeutic and high-
er concentrations of HQ and RA in 10 volunteers, and then, 
it was performed using their popular therapeutic concen-
trations and combination in the other 20 volunteers. In vitro 
irritation was also assessed in primary cultured normal hu-
man keratinocytes treated with 80% and 50% cell survival 
doses of HQ, 80% cell survival dose of RA, and their 
combination. Results: The combination in patch testing in-
duced stronger erythema than the corresponding concen-
trations of HQ and RA, which was remarkable with use of 
combination of higher concentrations. In cultured keratino-
cytes, the RA combination significantly decreased cell via-
bility, but increased cytotoxicity and extracellular inter-
leukin 1 alpha release with corresponding doses of HQ. 
Conclusion: The results of patch tests and in vitro irritation as-
sessment tests suggested that HQ and RA increased skin irri-

tation when used in combination. (Ann Dermatol 29(6) 715∼
721, 2017)
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INTRODUCTION

Hydroquinone (HQ) is frequently used in combination 
with retinoic acid (RA) to enhance skin lightening efficacy 
in hyperpigmentation skin conditions, and a triple combi-
nation of HQ, RA and steroid is popular for the treatment 
of hyperpigmentation skin disorders including melasma. 
On the other hand, HQ and RA can cause skin irritation1,2. 
Skin irritation develops frequently after use of the triple 
combination, although the inhibitory effect of steroid is 
expected. Because skin irritation could lead to postin-
flammatory hyperpigmentation (PIH), attention is required 
to assess whether the combination may increase skin irri-
tation, particularly in pigmentary disorder-prone Latin 
Americans, Hispanics, and Asians with Fitzpatrick skin 
type III∼V3,4. However, little research has been con-
ducted to examine and compare skin irritation between 
the HQ-RA combination and each component.
Skin irritation can be induced by different mechanisms, 
and a multiparametric approach is recommended for the 
evaluation of cutaneous irritancy5,6. Although patch testing 
is a standard diagnostic method to identify the causative 
allergens in allergic contact dermatitis, it has also been 
considered as an in vivo standard method for assessing 
skin irritation7. There is no standardized protocol to assess 
irritation in vitro. However, cell viability, cytotoxicity, and 
extracellular release of interleukin 1 alpha (IL-1α) from 
cultured human skin cells, particularly keratinocytes, have 
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Table 1. Results of patch testing at day 2 with maximum therapeutic and higher concentrations of HQ, RA, and their combination
in 10 volunteers

Volunteer Patch test result

No. Gender Age (yr)
HQ (%) RA (%)

10 5 0.5 0.1

1 F 27 ++ + − −
2 F 24 ++ ++ + +/−
3 F 24 + +/− +/− +/−
4 F 23 − − − −
5 M 29 − − − −
6 M 27 + + +/− +/−
7 M 25 ++ ++ + +
8 M 25 + + +/− +/−
9 M 25 ++ + + +
10 M 24 + +/− − −

HQ: hydroquinone, RA: retinoic acid, F: female, M: male, +/−: mild erythema without uniformity, +1: mild erythema with uniformity,
+2: moderate erythema with uniformity, +3: severe erythema with uniformity with/without edema.

been considered as the endpoints for in vitro assessment 
of skin irritation8-11.
In this study, to examine whether HQ and RA increased 
skin irritation when used in combination, in vivo patch 
testing along with in vitro assessments of cell viability, ex-
tracellular IL-1α release, and cytotoxicity were performed 
with various concentrations of HQ, RA, and the combination. 
The result of patch testing suggested that skin irritation in-
duced by HQ and RA was increased by use of the combi-
nation, and the in vitro assessment result supported the 
patch testing result. 

MATERIALS AND METHODS
Patch testing

Thirty volunteers (21 males and 9 females), who have nev-
er experienced irritation and/or allergic contact dermatitis 
to HQ and/or RA, were included in the study. Their ages 
ranged from 23 to 50 years, with the average age being 
28.8 years (Table 1, 2). This study was approved by the 
Institutional Review Board of the Dongguk University 
Ilsan Hospital and conducted according to the Declaration 
of Helsinki Ethical Principles for Medical Research after 
obtaining written informed consent from each volunteer 
(IRB no. 2013-15). 
HQ is used up to a concentration of 5%12,13. RA is com-
mercially available up to a concentration of 0.1%. Initially, 
patch testing was performed to identify the concentration 
of HQ and RA that induces skin irritation. For this pur-
pose, maximum therapeutic and higher concentrations of 
HQ (5% and 10% in petrolatum; Sigma-Aldrich, St. Louis, 
MO, USA) and RA (0.1% and 0.5% in pet, Tretinoin; 

Sigma-Aldrich) were applied with petrolatum control on 
the back of 10 volunteers using the IQ Chamber (IQ UltraTM; 
Chemotechnique MB Diagnostics AB, Vellinge, Sweden). 
The result was evaluated by visual scoring at day 2 after 
patch testing. Based on the report which suggested that uni-
formity of erythema across the test site has been found to 
be more closely linked to the actual intensity of response14 
and that skin irritation reactions including erythema have 
been rated on a simple scale15, patch test reactions in this 
study were rated on a scale as +/− (mild erythema with-
out uniformity), +1 (mild erythema with uniformity), +2 
(moderate erythema with uniformity), and +3 (severe er-
ythema with uniformity with/without edema). 
Next time, after referring to the first patch test results, 
patch testing was performed using therapeutic concen-
trations of HQ (2%, 4%, and 5% pet), RA (0.01%, 0.025%, 
and 0.05% pet), and their combination (HQ 2%-RA 
0.01%, HQ 2%-RA 0.025%, HQ 2%-RA 0.05%, HQ 
4%-RA 0.01%, HQ 4%-RA 0.025%, HQ 4%-RA 0.05%, 
HQ 5%-RA 0.01%, HQ 5%-RA 0.025%, and HQ 5%-RA 
0.05% pet) in the other 20 volunteers and evaluated by 
using the same visual scoring scale. 

In vitro irritation assessment

Monolayer keratinocyte cultures were done using adult 
human skin specimens obtained from Caesarean-section 
scars and circumcision. Individual epidermal cells were 
suspended in EpiLife Medium (Thermo Fisher Scientific, 
Rockford, IL, USA) supplemented with bovine pituitary ex-
tract, bovine insulin, hydrocortisone, human epidermal 
growth factor, and bovine transferrin (HKGS; Thermo Fisher 
Scientific). The keratinocytes were seeded at 1.5×105 



HQ+RA Increases Skin Irritation

Vol. 29, No. 6, 2017 717

Table 2. Results of patch testing in the other 20 volunteers with therapeutic concentrations of HQ, RA, and their combination

Volunteer Patch test result

No. Gender
Age 
(yr)

HQ (%) RA (%) Combination (HQ/RA, %)

5 4 2 0.05 0.025 0.01
5/

0.05
5/

0.025
5/

0.01
4/

0.05
4/

0.025
4/

0.01
2/

0.05
2/

0.025
2/

0.01

1 F 40 +/− +/− +/− +/− +/− +/− ++ ++ +/− +/− + +/− + +/− +/−
2 F 38 +/− − − − − +/− +/− +/− +/− + + + +/− + +/−
3 F 33 − +/− − − − − + + +/− +/− + − + − −
4 F 25 ++ ++ − − − − ++ ++ − + + +/− +/− + +/−
5 F 23 +/− +/− +/− − − − + + + +/− + + + +/− +/−
6 M 50 +/− − − +/− − − +/− − − − − − − +/− −
7 M 46 +/− − − − − − ++ ++ +/− ++ ++ +/− + +/− −
8 M 38 + + + +/− − +/− ++ ++ ++ ++ ++ + + +/− +
9 M 38 − − − − − − + + − − − − − − −
10 M 32 + + +/− + − − ++ ++ ++ + ++ ++ ++ +/− +/−
11 M 28 +/− +/− +/− − +/− +/− ++ ++ ++ ++ ++ ++ + + +
12 M 28 +/− +/− +/− − − − + ++ ++ + ++ ++ + − +
13 M 27 +/− + +/− − − − ++ ++ ++ ++ ++ ++ +/− +/− +
14 M 25 + + + − − +/− ++ ++ ++ ++ ++ ++ + + +
15 M 24 + + + + + + ++ ++ ++ ++ ++ ++ ++ ++ ++
16 M 24 +/− +/− − − − − + + + + + + − + −
17 M 24 + + − +/− +/− − + + − +/− − +/− − − −
18 M 23 − − − − − − + +/− − − + − − − −
19 M 23 − − − − − − − + +/− + + +/− +/− +/− −
20 M 23 +/− +/− − − − − ++ ++ + ++ ++ + +/− +/− −
HQ: hydroquinone, RA: retinoic acid, F: female, M: male, +/−: mild erythema without uniformity, +1: mild erythema with uniformity,
+2: moderate erythema with uniformity, +3: severe erythema with uniformity with/without edema.

Fig. 1. Results of patch testing with maximum therapeutic and 
higher concentrations of hydroquinone (HQ), retinoic acid (RA), 
and their combination. Representative patch test reactions 
induced by different concentrations of HQ and RA at day 2 in 
three of the 10 volunteers. 1: RA 0.1% pet, 2: RA 0.5% pet, 
3: HQ 5% pet, 4: HQ 10% pet, F: female, M: male. 

cells/well in 6-well plates for 1 day and were treated with 
various concentrations of HQ (Sigma-Aldrich), RA (Sig-
ma-Aldrich) or HQ-RA combination dissolved in dime-
thylsulfoxide (DMSO; Sigma-Aldrich) for 2∼3 days. 
The cultured cells were stained with 3-(4,5-dimethylthia-
zol-2yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Al-
drich) for 4 hours in order to assess cell viability. The pre-
cipitated formazan was dissolved in DMSO (Sigma-Aldrich) 
and optical density was measured using a spectropho-
tometer at 570 nm, with background subtraction at 630 
nm. Cell viability was calculated as the ratio of cell growth 
induced by RA, HQ or their combination to that induced 
by solvent. The culture supernatants were harvested and 
were assayed by tests for cytotoxicity using the lactate de-
hydrogenase (LDH; Roche, Penzberg, Germany) release 
method and for extracellular levels of IL-1α release using 
ELISA kit (R&D Systems, Minneapolis, MN, USA). All ex-
periments were repeated at least three times.

Statistical analysis

Statistical analysis of experimental data was performed us-
ing the Student’s t-test. The results were expressed as the 
mean±standard deviation. A p-value ＜0.05 was consid-



GH Kim, et al

718 Ann Dermatol

Fig. 2. Results of patch testing with popular therapeutic concentrations of hydroquinone (HQ), retinoic acid (RA), and their combination. 
(A) Representative patch test reactions induced by different concentrations of HQ, RA, and HQ-RA combination at day 2 in two 
of the 20 volunteers. Each number points to its horizontal and vertical coordinates (1: HQ 5% pet, 2: HQ 4% pet, 3: HQ 2% pet, 
4: RA 0.05% pet, 5: RA 0.025% pet, 6: RA 0.01% pet, 7: HQ 5%-RA 0.05% pet, 8: HQ 5%-RA 0.025% pet, 9: HQ 5%-RA 0.01% 
pet, 10: HQ 4%-RA 0.05% pet, 11: HQ 4%-RA 0.025% pet, 12: HQ 4%-RA 0.01% pet, 13: HQ 2%-RA 0.05% pet, 14: HQ 2%-RA 
0.025% pet, 15: HQ 2%-RA 0.01% pet). (B) The number of volunteers who increased the patch test reaction scores by the combination 
of corresponding concentrations. M: male.

ered statistically significant.

RESULTS
Result of patch testing with maximum therapeutic and 
higher concentrations of HQ and RA 

In 10 volunteers who were patch tested with HQ (5% and 
10% pet) and RA (0.1% and 0.5% pet), RA did not induce 
uniform erythema across the patch test sites (scale ≥+1) 
at 0.1% and 0.5% concentrations in 8 and 7 of the 10 vol-
unteers, respectively, whereas HQ induced uniform eryth-
ema across the patch test sites in 6 and 8 volunteers at 5% 
and 10% concentrations, respectively. No reaction devel-
oped in 4 volunteers in patch testing with RA 0.1% and 
0.5% and in 2 volunteers in testing with HQ 5% and 10% 
(Table 1, Fig. 1).

Patch test result using popular therapeutic concentrations 
of HQ, RA, and their combination

From a practical viewpoint, it was necessary to examine 
skin irritancy caused by the therapeutic concentrations of 
HQ (2%, 4%, and 5%) and/or RA (0.01%, 0.025%, and 
0.05%), and these concentrations were chosen for patch 
testing, which was performed in the other 20 volunteers. 
As expected from the result of no erythematous reactions 
in half of the volunteers patch tested with RA even at 
0.5% concentration (Table 1, Fig. 1), which suggested that 
there was less possibility of irritation in patch testing with 
popular therapeutic concentrations of RA, RA 0.05% as 
well as 0.025% and 0.01% did not induce erythematous 
patch test reactions in 14, 16, and 14 of the 20 volunteers, 
respectively. The erythematous reaction showed uniformity 
only in 1 to 2 volunteers (Table 2). On the other hand, no 
significant difference was observed between patch test re-
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Fig. 3. Effect of retinoic acid (RA) combination on cell viability, cytotoxicity, and extracellular interleukin 1 alpha (IL-1α) release 
induced by hydroquinone (HQ) in primary cultured human keratinocytes. (A) MTT assay in cultured keratinocytes treated with two 
different doses (80% and 50% survival doses determined by MTT assay at 48 hours) of HQ, a fixed dose (50% survival dose) of 
RA, and their combination for 48 hours and 72 hours (B) lactate dehydrogenase (LDH) release and (C) ELISA for IL-1α release in 
the culture supernatants. Data in the graph represent mean±standard deviation of relative values compared to solvent-treated control 
for starting point or absolute values from 4 independent experiments. *p＜0.05 vs. solvent-treated control, #p＜0.05 vs. HQ-treated 
cells for the corresponding dose, §p＜0.05 vs. RA-treated cell. 
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actions with use of 5% concentration and patch test re-
actions with use of 4% concentration in case of HQ (Table 
2, Fig. 2). The combination induced higher erythematous 
reaction scores than summing up of each score with use of 
HQ 5%, 4% and 2% and RA 0.05% in 13, 15, and 11 of 
the 20 volunteers, respectively. On the other hand, an in-
crease in the patch test reaction scores with use of the 
combination was observed in 3 of the 20 volunteers tested 
with HQ 2% and RA 0.01% combination (Table 2, Fig. 2). 

Result of in vitro irritation assessment tests in primary 
cultured human keratinocytes treated with HQ, RA, 
and their combination 

For in vitro irritation assessment, primary cultured normal 
human keratinocytes were treated with 80% and 50% cell 
survival doses of HQ and 80% cell survival dose of RA, 
which were determined by MTT assay at 48 hours 
post-treatment, and with their combination, and then test-
ed for MTT assay, LDH release, and IL-1α release 48 
hours and 72 hours after the treatment. MTT assay showed 
that the combination of either dose of HQ with RA com-
pared to each component significantly decreased the num-
ber of viable keratinocytes at 48 hours and 72 hours 
post-treatment (p＜0.05, Fig. 3A). In LDH release cytotox-
icity assay, the combination of 50% cell survival dose of 
HQ with RA increased the level (p＜0.05), although the 
combination of 80% cell survival dose of HQ with RA did 
not increase the level (Fig. 3B). In addition, the combina-
tion of either dose of HQ and RA increased extracellular 
release of IL-1α (p＜0.05, Fig. 3C).

DISCUSSION

This study examined whether therapeutic concentrations 
of HQ increased skin irritation when used in combination 
with therapeutic concentrations of RA. For the diagnosis of 
allergic contact dermatitis induced by HQ and RA, which 
is rare12,16, patch test concentration and vehicle have been 
recommended as 1% pet and 0.005% alc, respectively17. 
Although accurate reliable methods for patch testing to as-
sess skin irritation have not been established, different 
concentrations from those that cause allergic contact der-
matitis were considered necessary for testing. In this study, 
therapeutic concentrations of HQ, RA, and the combina-
tion were used, considering that the skin-lightening agents 
containing the HQ and RA combination are supposed to 
be used for a long duration to treat or control hyper-
pigmented lesions, particularly on the face. A repeated 
open application test (ROAT) could be more reasonable 
than patch testing to identify irritation, and there are a 
couple of reports that compared ROAT with patch testing 

with respect to skin irritation. Regarding the occlusion du-
ration of patch testing, 4-hour patch test has been pro-
posed to evaluate the skin irritation potential18. However, 
the report which identified the correlation between ROAT 
and patch testing using topical drugs suggests that there is 
no difference between occlusion for 24 hours and occlu-
sion for 48 hours19. In the report showing no correlation 
between ROAT and patch testing, different occlusion du-
rations of patch testing, such as 4 hours, 24 hours, and 48 
hours, had no impact on the result20. Therefore, it was rea-
sonable to apply 48-hour occlusion for patch testing in 
this study. 
HQ was used at a concentration of 2% up to 5%12,13. RA 
is commercially available from 0.01% to 0.1%, and it has 
been used at an approximate concentration of 0.05% for 
management of skin hyperpigmentation. The patch test re-
sult using maximum therapeutic and higher concen-
trations of HQ showed that erythema of various intensities 
was induced with 5% concentration without a remarkable 
difference between 5% and 10% concentrations (Table 1, 
Fig. 1). No difference in the reaction was observed in patch 
testing using 5% and 4% concentrations of HQ (Table 2). 
These results suggested that therapeutic concentrations of 
HQ could induce irritant patch test reactions. As expected 
from the result of the first patch testing using maximum 
therapeutic and higher concentrations of RA (Table 1, Fig. 
1), 0.05% or lower concentrations of RA induced skin irri-
tation in a small number of volunteers (Table 2). Enhanced 
erythematous reaction induced by the HQ-RA combina-
tion compared to the corresponding concentrations of HQ 
could be easily detected, if RA was combined at concen-
trations that induced no irritant reactions. Even if RA and 
HQ induced erythematous patch test reactions, the re-
action intensities could be judged by the score of patch 
test reactions. Considering that higher scores indicated 
more skin irritation, the combination induced higher 
scores than summing up of scores with use of HQ and RA 
in a higher number of volunteers, when higher concen-
trations of HQ and RA were used in combination (Table 2, 
Fig. 2). The result suggested that the combination of high-
er concentrations of HQ and RA, as in commercialized 
topical agents with triple combination which contain 4% 
or higher concentrations of HQ and 0.03% or higher of 
RA, could induce more skin irritation. To minimize skin ir-
ritation induced by the HQ-RA combination, particularly 
in pigmentary disorder-prone individuals, it might be bet-
ter to use 4% or higher concentrations of HQ alone. For 
combination, reducing the concentrations of each in-
gredient might be another way to reduce skin irritation.
MTT assay, LDH assay, and IL-1α release have been con-
sidered as reliable in vitro tests for assessing skin irrita-
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tion8-11. Although the exact percentage of cell survival or 
cytotoxicity, which is indicative of the irritation in vivo, 
has not been defined, doses that inhibit cell viability by 
50% have been used as the threshold dose that causes irri-
tation of human skin21. Therefore, choosing a 80% cell 
survival dose of RA, which is supposed to be a non-irritat-
ing dose, may be reasonable to support the in vivo patch 
testing result. The irritant reactions lasted for more than 4 
days after patch removal following use of HQ and the 
combination, whereas the reactions regardless of the se-
verity did not last for 4 days following use of RA (data not 
shown), suggesting the role of different irritation mecha-
nisms between HQ and RA. Although the in vitro results 
suggested that the combination of a non-irritating dose of 
RA significantly decreased cell survival with either a 
non-irritating or a irritating dose of HQ, whereas it sig-
nificantly increased cytotoxicity and extracellular IL-1α 

release induced by either dose of HQ (Fig. 3) may not pro-
vide any clue for the mechanism, the in vitro results sup-
ported the claim that the combination could increase skin 
irritation.
Collectively, the in vivo result of patch testing and the in 
vitro result of cell viability, cytotoxicity, and IL-1α release 
suggested that HQ and RA increased skin irritation when 
used in combination. 
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