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Abstract
Background: Methotrexate is an antifolate that is widely used in cancers and inflammatory or auto-
immune diseases, it is also known to be contraindicated in pregnancy, breast feeding and not
recommended in patients planning to be parents since it has a harmful effect on fetus and gonads.
Ovarian function can be evaluated by certain parameters like the levels of female hormones or anti-
Mullerian hormone which is considered as a good indicator for this purpose or histopathological
examination of ovarian follicles especially the primordial follicles.
Objective: The aim of this study was to determine the effect of two different doses of methotrexate on
ovarian tissue integrity and function in female albino rats.
Materials and methods: Adult female albino rats (n=30) were randomly divided into 3 groups ; group
A (n=10) in which animals were treated with intra-peritoneal injection of normal saline once weekly for
four weeks, group B (n=10) in which animals were treated with i. p. injection of 1mg/ kg bw of
methotrexate once weekly for four weeks, and lastly group C in which animals were treated with i. p.
injection of 2.5 mg/ kg bw of methotrexate once weekly for four weeks. Then serum level of anti-
Mullerian hormone were measured and histopathological examination of the ovaries were done to
evaluate ovarian injury caused by methotrexate treatment.
Results: Current study demonstrated that methotrexate in the both 1mg and 2.5 mg / kg of BW doses did
not significantly reduce the levels of anti- Mullerian hormone and the numbers of primordial and atretic
follicles were also not significantly affected by the treatment of methotrexate in both doses. However
histopathological examination revealed mild ovarian damage in case of treatment with 1mg/ kg bw of
methotrexate and moderate damage in case of treatment with 2.5 mg/ kg bw of methotrexate.
Conclusions: There is no important difference between the effects of 1 and 2.5 mg/ kg of BW of
methotrexate on ovarian function but there is a slight difference in the effects of the two different doses
on the integrity of ovarian tissue.
Keywords: anti- Mullerian hormone, atretic follicles, methotrexate, ovarian reserve, ovarian tissue,
primordial follicles.

Introduction:

Methotrexate can be considered as one of the most
frequently prescribed drugs in chemotherapy and
autoimmune conditions (3) and remained for a long
time as the cornerstone treatment, alone or in
combination with other drugs in the treatment of
many different diseases whether they were malignant
or non-malignant (4).Ovarian damage usually
coincides with chemotherapy or radiotherapy and
with different suggested mechanisms (like oxidative
damage induction or direct DNA binding) according
to concentration, duration and type of drugs used or
strength and duration of exposure to radiations (1).
Methotrexate can inhibit DNA synthesis and
replication due to it'-s antifolate activity and can also
increase the production of different types of reactive
species that causes general cytotoxic effects and
particular gonadotoxic effect (5, 22).
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In the ovaries; there is a huge number of ovarian
follicles at different stages of growth; beginning as a
primordial one then primary, secondary and ending as
atretic follicles (6,7). Many cells of reproductive
system are known to have high proliferative activity
during certain period of their lives that makes these
cells affected by the action of the anti- proliferative
agents like methotrexate (9).Anti-Mullerian hormone
which produced by the granulosa cells in the ovary;
can be used to evaluate female reproductive function
since its levels can give information about the
number of remained primordial follicles and hence
the current ovarian reserve situation (8,23).In this
study we counted both the number of primordial and
atretic follicles during slide examination to obtain a
brief idea about methotrexate effect on the number of
ovarian follicles and compare the effect of two
different concentration on the number of primordial
follicles remained and the increment in the atretic
follicles number due to methotrexate suggested
acceleration of ovarian aging effect.

Materials and methods
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Animals: The experimental rats which have been used
in this study were bred in the animal house of Iraqi
center of cancer and genetic research of Al-
Mustansiriyah university, their weights ranged
between 155 and 245 g, their ages were between 12
and 18 weeks and were kept at 23 to 27 C° under a

12-hr light/ dark cycle. The experimental animals
were treated with humanity and had free access to
water and food till the last moment of the experiment.
Ethical approval: The study was carried out in
accordance with protocol that was approved by Iraqi
board review of the college of medicine of Baghdad
University. Drugs: Methotrexate vials used in the
experiment were provided by Mylan® France®,
Ketamine 10% vial was provided by Alfosan®,
Holland® and Xylazine vial that provided VMD®,
Belgium®. Experimental groups and procedure: The
thirty adult female rats were randomly divided in in
to three groups each group included ten animals and
were treated as follows: the first group, control Group
A; n=10), were given 0.5- ml of normal saline by
intraperitoneal injection every week for four weeks,
second group, (Group B; n=10) in which the rats
were treated with 1mg/ kg bw of intraperitoneal
injection of methotrexate injection every week for
four weeks(2), and the third group, (Group C; n=10)
in which the animals were treated with weekly
intraperitoneal injection of 2.5 mg/ kg bw of
methotrexate for four weeks. Every week during the
experiment the animals were weighted to correct the
errors that might occur during the calculation of
methotrexate dose that being administered weekly.
After 48 hours of last methotrexate dose, the animals
were anesthetized, blood samples were drawn from
each animal in order to be utilized in determination of
anti- Mullerian hormone levels after that the animals
were sacrificed and their ovaries were extracted for
further histopathological examination.

Histopathological analysis of ovarian tissues: After
ovarian tissue extracting and preservation in
formalin,5-micron sections were obtained for
histopathological evaluation. These sections were
stained with hematoxylin and eosin (H&E) stain.
The ovarian tissues were evaluated under a light
microscope, and the images were captured using
a digital camera. Histopathological examination was
carried out.

Statistical analysis

Statistical analysis of data was performed using
SPSS software  “(Statistical =~ Packages for
Social Sciences-version 24) and Microsoft Office
Excel (2013)”; utilizing one-way ANOVA to assay
differences among studied groups.The results were
presented as mean + standard deviation in which P <
0.05 is "considered statistically significant.

Results

Effects of Methotrexate in the present study on level
of anti- Mullerian hormone : The levels of anti-
Mullerian hormone were not affected significantly by
treatment with methotrexate in atlmg/ kg bw and

2.5mg/ kg bw doses in comparison to control group
as shown in table (1).

Table (1) Effects of methotrexate 1mg/kg bw
(Group B) and 2.5mg/kg bw (Group C) on level of
anti-Mullerian hormone in comparison to controls

(Group A).

]Eﬂ‘r’]irt'if)rr‘] Control (&) MTX(B)  MTX (C) \'Z;Iue
parameter (Mean£SD)  (MeantSD) (MeantSD)
AMH 11.34+2.02 1094231  10.88+2.86 0.891

One— way ANOVA test , significant difference when P- value <
0.05.

Figure (1) Effect of treatment by 1mg/ kg bw of
methotrexate (MTX1) and 2.5 mg/ kg bw dose
of methotrexate (MTX2) compared to the first

control group on the level of anti- Mullerian
hormone (AMH).
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Effects of Methotrexate on number of primordial
follicles:

The number of primordial follicles was not affected
significantly by treatment with methotrexate at both
doses in comparison to control group as shown in
table (2).

Table (2) Effects of methotrexate 1mg/kg bw
(Group B) and 2.5mg/kg bw (Group C) on number
of primordial follicles in comparison to controls
(Group A).

Control

Ovarian A) MTX (B) MTX (C) P-

follicle (Mean£SD  (Mean+SD  value
(MeanxSD *

type ) ) )

Primordial - 59,47  38:113  27+2 0.623

follicles

One— way ANOVA test , significant difference when P-
value < 0.05.
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Table (3) Effects of methotrexate 1mg/kg bw
(Group B) and 2.5mg/kg bw (Group C) on number
of atretic follicles in comparison to controls

(Group A).

Ovarian (CA‘J)”“O' MTX (B) MTX (©) ..
follicle (Mean+S (MeanzS "
type (DI\)/IeaniS D) D) value
Atretic

follicle 2.4+15 4.1+1.6 6.1+5.1  0.056

one— way ANOVA test, significant
difference when P- value < 0.05.

Effects of methotrexate on number of atretic
follicles: The number of atretic follicles were not

affected  significantly

by treatment

with

methotrexate in both 1mg/ kg bw and 2.5mg/ kg bw
in compare to control group as shown in table (3).
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Figure (3) Effect of treatment by 1mg/ kg bw of
methotrexate (MTX1) in the second group and the
effect of 2.5 mg/ kg bw dose of methotrexate
(MTX2) in third group in compared to the first
control group on
follicle (atretic fol. no.).
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Figure (2) Effects of treatment by 1mg/ kg bw of
methotrexate (MTX1) in the second group and the
effect of 2.5 mg/ kg bw dose of methotrexate
(MTX2) in third group in  compared to the first

control group on the number of primordial
follicles (primordial fol. no.).
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Figure (4) hematoxyline and eosine staining of ovarian tissues; (A1&2) control group, (B1&2) MTX1 group,

(C1&2) MTX2 group

Black star= primary follicle.
Green star= primordial follicle.
Yellow star= atretic follicle.

Histopathological results

The histopathological investigation of the ovaries
showed normal structure of ovarian tissues in case of
control (Group A), while moderate damages were
seen in case of MTX1 (Group C) which featured in
form of cellular degeneration and increased
luteinization of stroma. The  MTX2 (Group B)
showed only mild damage as there were some
primary and secondary empty follicles seen in many
slides.

Discussion:

It is very obvious that there is an increment in the
number of patients who diagnosed with malignant
diseases and due to the development of medicine that
provides early diagnosis, new and effective ways of
treatment discovering and increasing the awareness
of people about these diseases’ symptoms and
necessity for the following up after the affliction,
many patients recovered and survived may undergo
some problems due to chemotherapy that may be used
in their trip of treatment, one of these problems is the
infertility or the early ovarian aging (5). Anti-
Mullerian hormone is a novel ovarian reserve
indicator (11), the level of this hormone was
estimated and statistically analyzed for all samples in
all groups in the present study and the results of the

Blue star= corpus luteum.
Red star= secondary follicle.
Brown star= luteinized stroma.

group (B) that was treated with 1mg/ kg bw
methotrexate were only slightly lower than the results
obtained from the control group. Such results were
obtained in other studies (12- 15) and the same results
were obtained in the group (C) as the decrement in
AMH levels were insignificant compared to control
(A) group. Although all the previously noticed studies
used different doses of methotrexate, the results of
anti-Mullerian levels obtained in the present study
were confirmed by the statistical estimations of the
number of primordial follicles and atretic follicles.
The number of primordial follicles was counted and
statistically analyzed to evaluate the extent of damage
that produce by the use of weekly intraperitoneal
injection of methotrexate in both doses inspected.
The primordial follicle is an arrested oocyte at the
meiotic prophase covered by a layer of granulosa
cells, it remains in this prophase until time of
folliculogenesis (16). It was found that the number of
primordial ~ follicles in the group treated with
methotrexate in both group (B) and (C) was only
slightly lower than that in the control (A) group and
statistically insignificant, this result is contrasting
with the other results of the other studies (17,18)
which use different doses of methotrexate to induce
ovarian damage and this might be a reason for such
contrasting in addition to the difference in the time
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interval and duration of the treatment used in each
study (19,18). In the present study there were no
important increment in the number of atretic
follicles in the groups treated with methotrexate
(whether in group (A) or (B)) in compared to the
number of them in the control group , this result
contrast the results of the previous studies (20), the
contrast results might be related to the relatively low
dose of methotrexate used in the present study and
relatively long time interval between each dose
(which gave enough time for the ovary to recover
from the damaged effect of methotrexate) in
compared to those utilized in other studies (19). There
were no histopathological changes in the ovarian
tissue noticed in the control group that has been
treated with weekly injection of normal saline for four
weeks, a normal stroma with no cellular degeneration
or vascular congestion were found. The opposite was
noticed in the group (C) which were treated with 2.5
mg/ kg bw of methotrexate that showed moderate
histopathological damages of the ovaries represented
by stromal luteinization, vascular congestion and
follicular degeneration especially of many secondary
and primary follicles which presented empty from
their nuclei. This result is expected to be seen in
ovaries treated with methotrexate since it is capable
of inducing cell apoptosis or hindering the cell cycle
by increasing the production of destructive reactive
species (21). Histopathological examination of
ovarian tissue in samples of group (B) showed only
mild damaging effect of methotrexate characterized
by the presence of empty follicles and a slight stromal
congestion in many slides that have been examined.
The result of histopathological examination of the
slides in this group when compared to the (A) and (C)
group’s results gave us a hint about the effect of
increasing methotrexate dose that led to increase the
amount of damage and change the type of it.

Conclusion:

The treatment with methotrexate can be safe on the
future reproductive function of ovaries only at low
doses, but as the dose of methotrexate increases, it can
be harmful to ovarian tissue and may affect ovarian
reserve and may cause accelerated ovarian failure or

aging.

Authors’ Contributions:

The post graduate student the pharmacist Alag
Hussein Ali did the practical part of the research in
addition to writing the research and following up the
steps for its publication. Dr. Samara Mowaffaq Ali
supervised the student’s work during the research
writing and reviewing period.

References

1- Bedoschi G, Navarro PA, Oktay K. Chemotherapy-
induced damage to ovary: mechanisms and clinical
impact. Future oncology. 2016 Oct;12(19):2333-44.
2- Shohda AA, El-banna A, Abdel Fattah F. The
possible protective effect of folic acid against
methotrexate induced ovarian damage in female
albino rats.«Light and electron microscopic study.

Bulletin of the National Nutrition Institute of the Arab
Republic of Egypt. 2017 Nov 1;49(1):1-24.

3- Hannoodee M, Mittal M. Methotrexate.
InStatPearls [Internet] 2021 Mar 7. StatPearls
Publishing.

4- Bedoui Y, Guillot X, Sélambarom J, Guiraud P,
Giry C, Jaffar-Bandjee MC, Ralandison S, Gasque P.
Methotrexate an old drug with new tricks.
International journal of molecular sciences. 2019 Oct
10;20(20):5023.

5- TURKLER C, Onat T, Yildirim E, Kaplan S,
YAZICI G, Mammadov R, Sunar M. An experimental
study on the use of lycopene to prevent infertility due
to acute oxidative ovarian damage caused by a single
high dose of methotrexate. Advances in Clinical and
Experimental Medicine. 2020;29(1).

6- Silva EG, Kim G, Bakkar R, Bozdag Z, Shaye-
Brown A, Loghavi S, Stolnicu S, Hadareanu V,
Bulgaru D, Cayax LI, Pitalua MC. Histology of the
normal ovary in premenopausal patients. Annals of
Diagnostic Pathology. 2020 Jun 1;46:151475.

7- Kinnear HM, Tomaszewski CE, Chang FL,
Moravek MB, Xu M, Padmanabhan V, Shikanov A.
The ovarian stroma as a new frontier. Reproduction.
2020 Sep 1;160(3):R25-39.

8- Moolhuijsen LM, Visser JA. Anti-Millerian
hormone and ovarian reserve: update on assessing
ovarian function. The Journal of Clinical
Endocrinology &  Metabolism. 2020  Nov
1;105(11):3361-73.

9- Soylu Karapinar O, Pinar N, Ozcan O, Ozgiir T,
Dolapgioglu K. Protective effect of alpha-lipoic acid
in methotrexate-induced ovarian oxidative injury and
decreased ovarian reserve in rats. Gynecological
Endocrinology. 2017 Aug 3;33(8):653-9.

10- Daniel WW, Cross CL. Biostatistics: a foundation
for analysis in the health sciences. Wiley; 2018 Nov
13.

11- Kalaiselvi VS, Saikumar P, Prabhu K. The anti
mullerian hormone-a novel marker for assessing the
ovarian reserve in women with regular menstrual
cycles. Journal of clinical and diagnostic research:
JCDR. 2012 Dec;6(10):1636.

12- Sahin C, Taylan E, Akdemir A, Ozgurel B,
Taskiran D, Ergenoglu AM. The impact of
salpingectomy and single-dose systemic methotrexate
treatments on ovarian reserve in ectopic pregnancy.
European Journal of Obstetrics & Gynecology and
Reproductive Biology. 2016 Oct 1;205:150-2.

13- Brouwer J, Laven JS, Hazes JM, Schipper I,
Dolhain RJ. Levels of serum anti—Miillerian
hormone, a marker for ovarian reserve, in women
with rheumatoid arthritis. Arthritis care & research.
2013 Sep;65(9):1534-8.

14- Benian A, Guralp O, Uzun DD, Okyar A, Sahmay
S. The effect of repeated administration of
methotrexate (MTX) on rat ovary: measurement of
serum antimullerian hormone (AMH) levels.
Gynecological Endocrinology. 2013 Mar
1;29(3):226-9.

15- Shirazi M, Pooransari P, Hajiha N, Shaker Z,
Ghazi M, Tanha FD, Yekta BG, Ghaemi M. Effect of
single-dose methotrexate treatment on ovarian

J Fac Med Baghdad

Vol.64 No. 4, 2022



A short-term comparison between the effect of two different doses of methotrexate Samara M. Ali
on ovarian tissue and function in female albino rats.

reserve in women with ectopic pregnancy undergoing 20- Fu J, Liu Y, Wang C, Zhang H, Yu B, Wang Y,
infertility treatment: a single-center experience. Zhu H. Persistent follicular granulosa cell
International Journal of Fertility & Sterility. 2020 senescence and apoptosis induced by methotrexate
Apr;14(1):23. leading to oocyte dysfunction and aberrant embryo
16- Sarma UC, Winship AL, Hutt KJ. Comparison of development. Clinical and translational science.
methods for quantifying primordial follicles in the 2021 Sep;14(5):2043-54.

mouse ovary. Journal of Ovarian Research. 2020 21- AlBasher G, AlKahtane AA, Saud Alarifi DA,
Dec;13(1):1-1. Alessia MS, Almeer RS, Abdel-Daim MM, Al-Sultan
17- Ulug P, Oner G. Evaluation of the effects of single NK, Al-Qahtani AA, Ali H, Alkahtani S.
or multiple dose methotrexate administration, Methotrexate-induced apoptosis in human ovarian
salpingectomy on ovarian reserve of rat with the adenocarcinoma SKOV-3 cells via ROS-mediated
measurement of anti-Millerian hormone (AMH) bax/bcl-2-cyt-c release cascading. OncoTargets and
levels and histological analysis. European Journal of therapy. 2019;12:21.

Obstetrics & Gynecology and Reproductive Biology. 22- Jassim NA. Predictors of Response to
2014 Oct 1;181:205-9. (Etanercept) in the Treatment of Iragi Patients with
18- Angin AD, Cogendez E, Giin I, Sakin O, Cikman Active Rheumatoid Arthritis. Journal of the Faculty
MS, Basak K, Kaptanagasi AO, Alan Y, Alan M, of Medicine Baghdad. 2015 Apr 5;57(1):35-9.
Beyan E. The Effect of Dehydroepiandrosterone on 23- Al-Taee HA. The Role of Antimullerian Hormone
Ovarian Reserve in Ovarian Damage Caused by in the Diagnosis of Poly Cystic Ovarian Syndrom.
Methotrexate. Medical Laboratory Technology JFacMedBagdad [Internet]. 2014 Jan. 2 [cited 2022
Journal. 2020 May 22;6(1). Sep. 1];55(4):373-8. Available from:
19- Kyaw MT, Sakthiswary R, Amelia ZA, Rahana https://igjmc.uobaghdad.edu.ig/index.php/19JFacM
AR, Munirah MM. Effects of Methotrexate Therapy edBaghdad36/article/view/589.

on the Levels of Gonadotropic Hormones in How to Cite this Article:

Rheumatoid Arthritis Patients of Reproductive Age. Hussein A, Ali SM. A short-term comparison
Cureus. 2020 Apr 11;12(4). between the effect of two different concentrations

of methotrexate on ovarian tissues and function of
female albino rats. JFacMedBagdad [Internet].
2023 Jan. 13 [cited 2023 Jan. 20];64(4):280-6.
Available from:
https://igjmc.uobaghdad.edu.ig/index.php/19JFa
cMedBaghdad36/article/view/1967.

(b Ol Addh g g Al o il 5 gluall (e (pfillin (e a8l G (sall 3 el 4 jla
sldad) ()13 ) &)

i Aaals /bl 408/ s Sl g 8 /sl sSla i piuale s e s 3
RS daals /«_\H\ :\:\E/@AJSLAJ\A“ &)ﬂ/@)ﬁjﬁ.ﬂ)\ﬁ ‘).\:LHALA KYS IO kv UJL éﬁ_}n EJ\A....:

A E]

Ll G mall sy ¢ A3l e liall 5 i) il a1 5 i padl 3 gl s (3 e pdiiony o il dlima 5 Ly i sl (AGRIAY)
ALl sl il e 15l 1580 4l 0 el 135S 08 @ sl 0l am jall 4 ey Y s Aol 5 Jaal) ol dalain giay 4
Gt 13 Tasm T pm ing (sl 5 )l slimall ¢y g sl 5f 2 5891 gl il ginnn e Rignn e IS (om (pimpall i 5 s (e
Al iy sl Aali s Ganall @lay sal oim el s ) Gasdll

Ll g 5 el Al LS e LS i giaal) (g Guilina 0 3S il maat g Al e2a (e Cangll ridagd)

L aalie 5 (10 = 0) e sanall e sane 3 ) s S8 (30 = ) Al elimpdl o dll ) a3 148y Jall g 2 gal
Gl gl Calge G (10 = ) @ e seaal) ¢ gl Gy i 33 e sl 52355 30 aha ale Jsbay Glaall Jals Gially @il gal)
D C e sanall 15305 ¢ aabial Gl 330 Lo ol 3315550 ISy 5 aall (g pnsall 055 (10 oS / aae 1 Dl Glinall Jals sl
5 gl ) 53ad T gl 838 55 0 Sy 55 sl (ol 35 (0m pnS / o 2.5t (3l J213 (inlly iyl L il
Sy 5 giaally 7 Mal) (e Al (mppal) Bl ) i pall il (panimpsall Gand s ol b sall sl (5 sl 5 siana (i
O30l Sl sinse a5 IS I o pesall (55 G p2S / a2e 2.5 5 pae T e (08 Ly 53 gaal) G Al pal) 038 & el it
il a3 Ly (il WS 8 il 5 il 70 e (S Wl 55 o) 200 byl 1) lead) a0 5 ] pall Sl
20l Al 8 s i 5 a5 sl el 055 o0 a8 / e | o 0ol Al (maall (g i Gl (i g yal ol
Sy il el (o5 e S/ pale 2.5

Caila Al i (S5 Gl A5 e Sl 55 gl e mall (5 (0 paS / aale 2.5 5 Tl O pge B 23 0 Y rlaliiuy)
e g Al e Gliaal) e jal) il 8

omnall alsial ¢ Al il sal) ¢ Al cleadl ¢ ) pall Smal) () gasell ¢ ) Rl ¢ LSS i siaall - Apaliball cilalgl)

J Fac Med Baghdad 286 Vol.64 No. 4, 2022


https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/589
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/589

