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Abstract

Background and Design: Acitretin is widely used on many dermatological diseases. No adequate studies have evaluated its effects on ovarian 
reserve. Thus, this experimental study aimed to investigate the possible effects of acitretin on ovarian reserve by examining ovarian follicle 
counts and serum anti-Mullerian hormone (AMH) values.
Materials and Methods: This study randomly distributed 31 female Wistar albino rats into 3 groups including one control group (group 1) 
and two equal experimental groups. Acitretin was given at doses of 0 mg/kg/day (group 1, n=11), 1 mg/kg/day (group 2, n=10), and 5 mg/
kg/day (group 3, n=10) for 4 weeks. All the rats in three groups were kept drug-free for 4 weeks before being sacrificed. The blood samples 
and both ovarian tissues were obtained from the rats. Serum values of AMH were assessed and the number of ovarian follicles was counted 
by histopathological examination.
Results: The AMH levels were lower in both acitretin groups (groups 2 and 3) than group 1. However, no significant difference was found 
between the groups in terms of AMH values (p=0.338). Primordial, secondary, tertiary, and total follicle numbers in group 3 were statistically 
lower than that of groups 1 and 2. The number of primary follicles in group 1 was statistically higher than that of groups 2 and 3. Additionally, 
the number of secondary follicles in group 2 was statistically higher than that of group 1.
Conclusion: This study showed that ovarian reserve can be affected by acitretin treatment. Particularly, high doses of acitretin may reduce 
ovarian reserve. Further experimental and clinical studies are needed to clarify the effect of acitretin on ovarian reserve.
Keywords: Acitretin, anti-Mullerian hormone, ovarian reserve

Öz

Amaç: Birçok dermatolojik hastalıkta kullanılmakta olan asitretinin over rezervi üzerine etkisi ile ilgili yeterli çalışma bulunmamaktadır. Bu 
çalışmada, ratların over rezervi üzerine asitretinin olası etkilerini serum anti-Müllerian hormon (AMH) ve over folikül sayılarını değerlendirerek 
araştırmayı amaçladık.
Gereç ve Yöntem: Otuz bir dişi Wistar albino sıçan rastgele olarak 3 gruba ayrıldı. Grup 1 (kontrol, n=11) 0 mg/kg/gün, (grup 2, n=10) 1 mg/
kg/gün, (grup 3, n=10) 5 mg/kg/gün dozlarında 4 hafta boyunca asitretin verildi. Her 3 gruptaki sıçanlar, 4 haftalık ilaçsız bir dönemi takiben 
sakrifiye edildi. Sıçanların kan örnekleri ve bilateral over dokuları alındı. Serum AMH değerleri ölçüldü ve histopatolojik olarak over foliküllerinin 
sayımı yapıldı.
Bulgular: AMH değerleri asitretin gruplarında (grup 2 ve grup 3), grup 1’e göre daha düşük bulundu. Ancak, AMH değerleri açısından gruplar 
arasında istatistiksel anlamlı fark yoktu (p=0,338). Grup 3’ün primordial folikül, sekonder folikül, tersiyer folikül ve total folikül sayıları, grup 
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1 ve grup 2’ye göre istatistiksel olarak daha düşüktü. Grup 1’deki primer folikül sayısı hem grup 2’den hem de grup 3’den daha yüksekti ve fark istatistiksel olarak 
anlamlıydı. Ayrıca, grup 2’nin sekonder folikül sayısının grup 1’den anlamlı düzeyde yüksek olduğu saptandı.
Sonuç: Bu çalışma, over rezervinin asitretin tedavisinden etkilenebileceğini göstermektedir. Özellikle asitretin yüksek dozları over rezervinin azalmasına neden olabilir. 
Asitretinin over rezervi üzerindeki etkisini açıklığa kavuşturmak için daha fazla deneysel ve klinik çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Asitretin, anti-Müllerian hormon, over rezervi

Introduction

Acitretin is a second-generation retinoid and a pharmacologically 
active metabolite of etretinate1,2. It replaced etretinate due to its more 
favorable pharmacokinetic profile. Its mechanism of action is not well 
known; however, acitretin has a wide variety of biological functions1,3.
Acitretin is widely used in various dermatological diseases, such as 
psoriasis, lichen planus, Darier’s disease, hidradenitis suppurativa, 
pityriasis rubra pilaris, ichthyosis, and keratodermas. The main side 
effects of acitretin are well known. Additionally, acitretin is also 
known as teratogenic regardless of dosage or treatment duration. 
Therefore, the use of two effective forms of contraceptives is 
recommended during the treatment period and for 3 years after 
therapy discontinuation1. Studies did not show any negative effects 
of acitretin on spermatogenesis, sperm morphology, sperm motility, 
or reproductive hormones4-6. However, a study that explores the 
effects of acitretin on ovarian reserve after therapy cessation has not 
been previously reported. Such that, female patients who will take 
acitretin may worry about infertility and ovarian reserve after acitretin 
cessation.
Anti-Mullerian hormone (AMH) reflects ovarian function better than 
serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), 
inhibin B, and estradiol (E

2
). Therefore, AMH has recently been used 

to determine ovarian reserve, which is associated with the fertility 
potential of females. Serum AMH values were more strongly correlated 
with antral follicle count (AFC)7,8. Although it is not an excellent test for 
ovarian reserve evaluation, both AFC and AMH have well predictive 
value9.
The potential side effects of acitretin on ovarian reserve are unknown. 
Thus this study aimed to experimentally determine the effect of 
acitretin on ovarian reserve by evaluating ovarian follicle counts and 
serum AMH values.

Materials and Methods

Animals and experimental design

Study approval was obtained from Aydın Adnan Menderes University 
Animal Experiments Local Ethics Committee for this animal experiment 
(approval number: 64583101/2016/009). From the Experimental 
Animal Production and Research Laboratory of Aydın Adnan Menderes 
University, 4-6-month-old 31 female Wistar rats were taken. All 
experiments were conducted following the principles and guidelines 
approved by the Aydın Adnan Menderes University Animal Ethical 
Committee.
All animals were provided with commercial rat feed and water. They 
were maintained in a 12-hour light/dark cycle at a temperature of 
24±2 °C.
Thirty-one female Wistar albino rats were randomly distributed 
into 3 groups including one control group (group 1) and two equal 
experimental groups. The groups were explained as follows:

Group 1 (n=11) was designed as a control group, wherein the rats 
were not administered any medication.
The rats in group 2 (n=10) were administered 1 mg/kg/day of oral 
acitretin for 4 weeks. The rats in group 3 (n=10) were administered 5 
mg/kg/day of oral acitretin for 4 weeks.
Higher doses of acitretin were preferred to use in rats compared to 
the doses used in humans since the drug metabolism in rats is higher 
than in humans. Additionally, acitretin has been used in high doses in 
previous experimental rat studies4,10,11.
Every Monday, all rats were weighed to adjust the doses of acitretin. The 
capsule form of acitretin (Neotigason® 10 mg capsule, Actavis, İstanbul, 
Turkey) was diluted with 1 mL of distilled water and administered 
daily to the rats in experimental groups according to their weight. All 
dilutions were prepared daily for 4 weeks. Thereafter, neither the rats 
in the experiment groups nor the rats in the control group received any 
treatment for 4 weeks (drug-free period).
At the end of 8 weeks, the blood samples of all rats were obtained 
by cardiac puncture under the anesthesia of xylazine (5 mg/kg) and 
ketamine (50 mg/kg). Then, the rats were sacrificed, and bilateral 
ovariectomy was performed. Both ovarian tissues were fixed in 10% 
formalin solution. Additionally, blood samples were centrifuged at 
3000 rpm. Then the sera were stored at -80 °C for AMH measurement.

Histopathological follicle evaluation and counting

Ovarian tissue samples were fixed in formaldehyde (10%) solution. 
After 1 day, the tissues were fixed in paraffin. Subsequently, samples 
were cut in 5 μm sections with a microtome and placed on the slides. 
After deparaffinization and rehydration, the slides were stained with 
hematoxylin and eosin. All slides were inspected by a pathologist who is 
blind to the groups. All sections were analyzed using a light microscope. 
Five sections at various levels were taken from both ovaries. Follicles 
containing oocytes were classified according to their developmental 
stages based on previous studies12,13. Later, follicles were identified as 
primordial, primary, secondary, or tertiary (antral). Primordial follicle is 
defined with the monolayer squamous (flat) granulosa cells that partially 
or completely surround the oocyte. The primary follicle is defined with 
a central oocyte surrounded by single-layer cuboidal granulosa cells. 
The secondary follicle contains an oocyte surrounded by a multilayer of 
granulosa cells without antrum formation. Finally, the tertiary (antral) 
follicle includes an oocyte surrounded by multilayers of granulosa cells 
with antrum formation.

Measurement of serum AMH

AMH serum values of the rats were measured using a commercial 
enzyme-linked immunoabsorbent assay kit (rat ELISA kit, Sunred, 
Baoshan District, Shanghai, China). For AMH, the kit sensitivity was 
0.101 ng/mL with a coefficient of variation of <5%. Procedures were 
conducted following the manufacturer’s instructions. AMH serum 
levels of 8 serum samples that are randomly selected from each group 
were measured.
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Statistical Analysis

The Statistical Package for the Social Sciences version 20 software 
program was used for statistical analysis. The mean ± standard 
deviation, frequency, and percentage values were used for the variables. 
Additionally, homogeneity of variances from prerequisites of parametric 
tests was checked using Levene’s test. The normality hypothesis was 
examined using the Shapiro-Wilk test. When the normality assumption 
was provided, the One-Way analysis of variance for the comparison of 
three or more groups and the Tukey HSD test, a multiple comparison 
test, were used. When not provided, Kruskal-Wallis and Bonferroni-
Dunn, which is also a multiple comparison test, were used. P-values of 
p<0.01 and p<0.05 were accepted as statistically significant for data 
analysis.

Results

The serum AMH levels were lower in both experimental groups 2 
and 3 (4.2±0.77 and 3.62±0.98, respectively) compared to group 1 
(4.39±1.34). However, no statistically significant difference was found 
among the groups for serum AMH levels (p=0.338) (Table 1).
The counts of primordial, secondary, and tertiary follicles were 
significantly lower in group 3 compared to groups 1 and 2. Additionally, 
the total number of follicles was significantly lower in group 3 compared 
to groups 1 and 2. Statistically significant differences were not found 
between groups 1 and 2 in the number of primordial, tertiary, and 
total follicles. The number of primary follicles significantly decreased 
in groups 2 and 3 compared to group 1. Additionally, the number of 
secondary follicles was significantly higher in group 2 than that in group 
1 (Table 2).

Discussion

Changes in the pituitary hormones, such as FSH and LH, have been 
evaluated in patients using acitretin in previous studies14,15. A study that 
involve 43 patients with psoriasis (24 males and 19 females) reported 
no significant changes in FSH, LH, E

2
, and total testosterone values 

before and after acitretin treatment14. A study that was conducted with 
male patients with psoriasis revealed no significant alterations in FSH, 
LH, and testosterone levels during the acitretin treatment compared to 

pretreatment values15. Another study on males who are treated with 
acitretin observed that acitretin in therapeutically effective doses did 
not influence spermatogenesis, sperm motility, sperm morphology, and 
hypothalamic-pituitary-gonadal axis5.
AMH is a glycoprotein that is expressed by granulosa cells of developing 
follicles in the ovary and participates in folliculogenesis regulation16. AMH 
is more powerfully associated with ovarian follicular status than FSH, 
LH, inhibin B, and E

2
7,8. Additionally, serum AMH levels quantitatively 

assess ovarian damage caused by ovarian toxic interventions, such as 
chemotherapy, instead of qualitative evaluation using menstrual cycle 
or basal FSH values17. No test is excellent; however, both AFC and AMH 
have good predictive values for ovarian reserve evaluation9. Our study 
revealed lower serum AMH values in acitretin groups compared to 
the control group, although it was not statistically significant. There 
was a significant decrease in the number of all follicle types in group 
3 compared to the control group. These findings suggest that higher 
doses of acitretin may have detrimental effects on the ovaries. In the 
light of these results, the use of acitretin at higher doses is thought to 
decrease ovarian reserve, at least in the early period. Furthermore, the 
significantly decreased number of primary follicles in group 2 compared 
to group 1 suggests that acitretin may have a negative effect on ovarian 
reserve. The reason for the higher number of secondary follicles in 
group 2 compared to group 1 could not be understood.
In the literature, studies investigated the effects of isotretinoin, which 
is another commonly used retinoid, agent on ovarian reserve and 
female fertility. A study with rats revealed that isotretinoin exposure 
may be responsible for reduced ovarian reserve and harmful effects 
on rat ovaries18. A study of females with acne revealed reduced AMH 
values following an isotretinoin exposure, which may suggest that 
isotretinoin has a harmful effect on the ovaries19. Another study with 
females of reproductive age who are treated with oral isotretinoin for 
acne, revealed decreases in serum AMH, total AFC, and ovarian volume 
(OV) following isotretinoin treatment and concluded that isotretinoin 
treatment had a significant unfavorable effect on the ovarian reserve20. 
A study on the long-term effect of systemic isotretinoin on female 
fertility revealed that the AMH, OV, and AFC levels at 6 months (at the 
end of isotretinoin treatment) were significantly lower compared to 
the levels at 18 months (following a 12-month treatment-free period). 
However, AMH, OV, and AFC levels at the beginning of treatment and 

Table 1. Serum AMH values of all groups

Group 1 (control)
(n=8)

Group 2
(1 mg/kg/day acitretin) (n=8)

Group 3
(5 mg/kg/day acitretin) (n=8)

p

AMH 4.39±1.34 4.2±0.77 3.62±0.98 0.338

AMH: Anti-Mullerian hormone, all values are expressed as mean ± standard deviation, p<0.05 was accepted as statistically significant

Table 2. Follicle numbers of all groups

Group 1 (n=11) Group 2 (n=10) Group 3 (n=10) p

Primordial follicle 62.82±9.87b 61.4±11.38b 49±7.73 0.006**†

Primary follicle 55.27±9.05a,b 49.1±11.06 40.9±5.43 0.004**

 

†

Secondary follicle 47.91±6.74a,b 53.1±13.23b 40.5±3.84 0.012*‡

Tertiary follicle 15.82±3.84b 14±3.13b 9.2±1.62 0.001**‡

Total follicle 181.82±22.35b 177.6±29.72b 139.6±16.28 0.001*†

All values are expressed as mean ± standard deviation, a: Statistically different from group 2, b: Statistically different from group 3, ‡: One-Way ANOVA test or Tukey HSD test, †: 
Kruskal-Wallis test or Bonferroni-Dunn test, p<0.05 and p<0.01 (*: p<0.05, **: p<0.01) were accepted as statistically significant
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18 months were statistically similar. Ultimately, the authors suggested 
that the damaging effects of systemic isotretinoin therapy on ovarian 
reserve have vanished over time21. Therefore, we think that the long-
term effect of acitretin on ovarian reserve should be further examined.

Study Limitations

The first limitation of our study is the evaluation of ovarian reserve only 
by serum AMH values and the number of ovarian follicles. The second 
limitation is its experimental study design using rats as a model and 
animal studies are known to not always mimic the outcome of human 
studies. We believe that more precise information can be reached on 
this matter with human subjects or different experimental designs.

Conclusion

Results of this experimental study indicate that acitretin may display 
negative effects on ovarian reserve. It is not possible to conclude with 
this experimental study whether acitretin will have a negative effect 
on the ovarian reserve of women in the period when the pregnancy 
is allowed, which is three years after the cessation of the treatment. 
Finally, we think that randomized and controlled animal-human studies 
are needed to receive precise results regarding the acute and long-term 
effect of acitretin on ovarian reserve.
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