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Abstract

Background: A search for methods to prevent infertility in patients receiving chemotherapy in-
cluding methotrexate is important. Cell therapies with human embryonic and specific adult
stem cells have emerged as an alternative management for various diseases. Aim: to study the
effect of human umbilical cord derived mononuclear cells transplantation on ovarian dysfunc-
tion caused by methotrexate in female rats. Methods: the effect of mono nuclear cells (MNCs)
treatment (IV injection once in the tail vein for diabetic rats in a dose of 150 x 10° MNCs cells/rat)
on ovary and uterus pathology, malondialdehyde (MDA) level in ovary and follicle stimulating
hormone (FSH) level was assessed after methotrexate treatment. Results: Treatment with
MNCs in rats pretreated with methotrexate significantly improved all parameters measured
(body weight, ratio between ovary and body weight, ratio between uterus and body weight),
level of MDA in ovary tissue, FSH and histopathology of ovary and uterus as compared to meth-
otrexate only treated rats. Conclusion: These data indicate that MNCs treatment improved ovar-
ian dysfunction associated with methotrexate therapy.

Keywords: FSH follicle stimulating hormone, MDA malondialdehyde, chemotherapy, reproductive
organs.

Introduction

Long-term wuse of chemotherapeutic
agents during the treatment of cancer in
childhood and the reproductive period
can lead to various complications, such as
ovarian insufficiency and infertility®™. A
search for methods to prevent infertility in
patients receiving chemotherapy is be-
coming increasingly important(®. Metho-
trexate (MTX) is a folic acid antagonist
and chemotherapeutic agent frequently
used in hematological malignancies, such
as lymphoblastic leukemia, seen in child-
hood and adulthood®). Due to its immu-
nosuppressive and antimetabolite effects,
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it is also effective in autoimmune diseases,
such as rheumatoid arthritis and psoria-
sis. MTX exerts its effects by reversible
inhibition of the enzyme dihydrofolate re-
ductase®), resulting in decreasing folate
synthesis, impairing DNA synthesis, and
cell multiplication. Toxicity is therefore
more pronounced in cells with a rapid
turnover®. MTX has previously been
shown to cause ovarian dysfunction, par-
ticularly in high doses(®. MTX is associated
with a decrease in ovarian primordial cells,
although the mechanism and long-term
effects have not been established?. Since
primordial follicles lack the ability to re-
generate, damage resulting from expo-
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sure to toxic agents can lead to ovarian
insufficiency and infertility®. Stem cell
transplantation therapy utilizing cord
blood stem cells is a new therapeutic ap-
proach that has been successful in the
treatment of many diseases(9"). Human
cord blood mono nuclear cells (HCMNCs)
can be used as a source of stem cells for
transplantation as they contain a large
number of mesenchymal stem cells, endo-
thelial progenitor cells and immature
stem/progenitor cells("2). In this study we
evaluated the protective effect of human
umbilical cord blood mononuclear cells
transplantation against ovarian insuffi-
ciency caused by methotrexate.

Materials and Methods

Experimental animals: Twenty-eight (n=28)
female adult albino rats weighing 170 10
g were used in this study. They were pur-
chased from the Egyptian Organization
for Biological Products and Vaccines
(Egypt), and allowed free access to food
and water ad libitum. They were kept un-
der constant conditions with 12/12 h
light/dark cycles and left for acclimatiza-
tion for one week before the start of the
study. The care and handling of the ani-
mals were in accordance with the Animal
Care and Use Committee at the Suez Ca-
nal University and the National Institutes
of Health guide for the care and use of
laboratory animals (Maryland, USA). All
efforts were made to minimize animal suf-
fering and to reduce the number of ani-
mals used.

Drugs and Chemicals: All drugs and chemi-
cals were purchased from Sigma Aldrich,
USA.

Study groups: The study included 21 rats
divided into 3 groups. Each group consist-
ed of 7 rats; Group 1: The normal healthy
control group. Group2: Methotrxate-
treated group injected i.p. with MTX at a
dose of 2 mg/kg(). Group3 Normal group

treated by Human umbilical cord blood
mononuclear cells: 150x100° cells/rat once
via tail vein. Group4 Methotrexate treated
group received mononuclear cells 48 hour
after methotrexate injection. After four-
weeks, all rats were sacrificed.

MNCs isolation according to Jaatinen and
Laine(™: HUCB samples were obtained
from placentas of healthy full-term neo-
nates. Each cord blood sample was col-
lected into a 50 ml sterile polypropylene
test tube containing 5 ml of citrate phos-
phate dextrose as an anticoagulant. The
volume collected varied from 20 to 40 ml,
and the samples were kept at room tem-
perature until they were sent to the blood
bank for storage. The samples were then
transferred into a polyolefin blood collec-
tion bag that allows gaseous transfer and
were stored at 4°C in a blood bank refrig-
erator. Donor specimens were combined
according to their blood type (ABO). After
storage for 10-13 days, units were placed
in a 15-ml disposable centrifuge tube and
the mononuclear cells were separated
from the whole cord blood by Ficoll-
Hypaque density gradient centrifugation.
The cells were then washed twice with
phosphate buffered saline (PBS) and cen-
trifuged for 10 min at 1000 rpm. One milli-
liter of PBS was added to the pellet for
counting. After the viability and counting
were determined, the mononuclear cells
were centrifuged for 10 min at 1000 rpm,
and then 0.2 ml of PBS solution was added
for final dilution and injection into the rat
via tail vein.

Measurements done at the end of the
study: Body weight and ratio between
ovary weight to body weight were as-
sessed at the end of the study

Biochemical analysis of ovarian tissue for
MDA level: Extracted ovarian tissues of
weight 0.2 g were homogenized in, 1% KCl
solution for MDA assay malondialdehyde
(MDA) and made up to 2 ml. They were
subsequently centrifuged at for 15 min at
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+4°C. The supernatant part was used as a
specimen for analysis. All measurements
of tissue-protein estimation were per-
formed according to Bradford’s meth-
od(), Malondialdehyde (MDA) assay was
based on spectrophotometric measure-
ments at an emission wave length of 532
nm of the absorbance of the pink complex
formed at high temperature (95°C) by thi-
obarbituric acid and MDA(®)-

Levels of FSH: Blood samples were collect-
ed after sacrifice. The samples were incu-
bated overnight at 4°C, then were centri-
fuged for 10 min at 3000 rpm. The result-
ing supernatant sera were collected and
stored at -80°C. Levels of FSH was meas-
ured by ELISA.

Histopathology: Tissue samples from ovary
and uterus were collected and preserved
in 10% neutral buffer formalin for further
histopathological examination with H & E
stain

Statistical analysis

Results were collected and expressed as
the mean+ SD. Results were analyzed us-
ing The Statistical Package for the Social
Sciences, version 18 (SPSS Software). One-
way analysis of variance (ANOVA) follow-

body weight of sudy groups at the end of the study

ed by Duncan’s post-hoc test was used to
test the significance of the difference be-
tween quantitative variables; p value
<0.001 was considered to be statistically
significant.
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Results

Measurements:

This part of the study showed that rats
treated with methotrexate had signifi-
cantly lower body weight, lower ova-
ry/body weight ratio and lower uterus
/body weight ratio than other study
groups (figures 1-3). Oxidative stress test in
ovdrian tissue: MDA level was significantly
higher in methotrexate group than other
groups. In methotrexate and mononucle-
ar cells treated group MDA level was
higher than normal group but was signifi-
cantly lower than methotrexate group.
Histopathology: Pathology results indicat-
ed that methotrexate affects ovary func-
tion. The normal rat ovaries and mononu-
clear cells treated ovary exhibited an in-
tact
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Figure 1: Body weight of

1 different study groups at
— the end of the study
Methotrexate group has
significantly lower body
weight than other study
group analyzed by one-
way ANOVA followed by
Duncan’s multiple com-
parisons test, p < 0.05
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structure, and the ovarian interstitial cells
were appropriately loose for ovulation. In
the methotrexate-treated rats, however,
the numbers of atretic follicles and prima-
ry follicles were increased, and the rat
ovarian granuloma cells become more
closely distributed and inflammatory cell
infiltration into the ovaries was observed.
in methotrexate and mononuclear cells
treated rats, there was a decrease in in-
flammatory cells infiltration and appear-
ance of ovarian follicles as shown in fig. 6.
FSH level: There was significantly higher
level of FSH in methotrexate group than
other study groups as shown in fig.5. The
uterus of normal rats showed normal ar-

ovary to body weight ratio mgig

chitecture and normal columnar epitheli-
um lining and uterine glands. Control
uterus showed lumen surrounded by nu-
merous mucosal folds of endometrium
lined by tall, tightly packed columnar epi-
thelium. The stroma was dense. MTX
treatment decreased the epithelial height,
a decrease in secretory and ciliated cells
were notably exhibited. in methotrexate
treated rats there was sloughing off and
atrophy of the lining endometrial epitheli-
al cells, damage to endometrial glands.
methotrexate and mononuclear cells
treated rats showed normal histopatholo-
gy as shown in fig7z
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Figure 2: Ovary/ body
weight ratio (mg/g) in
5 study groups expressed
as the mean =SD (n=7),
analyzed by one-way
ANOVA followed by Dun-
can’s multiple compari-
sons test. *, A p < 0.001; *
compared with normal
control group, * com-
pared with methotrexate
and mononuclear cells
treated group.
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Discussion

This study investigated whether human
umbilical cord mononuclear cells is effec-
tive in preventing ovarian damage in rats
with ovarian damage induced with metho-
trexate, and it showed that mechanism of
organ toxicity of MTX seems to be oxida-
tive stress. Methotrexate has been re-

T
methotrxate and
mononuclear cells group

ported to increase MDA and MPO levels,
the known oxidant parameters, and to
reduce the levels of GPO, an antioxidant
parameter("”). As our results show, there
was a rise in MDA level in ovarian tissue in
rats receiving methotrexate. These find-
ings indicate that the oxidant/antioxidant
balance in ovarian tissue in rats receiving
MTX changes in favor of oxidants. Various
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aggressive factors that may lead to tissue
damage can result in the oxidant/ antioxi-
dant balance being impaired in favor of
oxidants and cause oxidative stress('®),
Data from reference sources and our re-
sults show that MTX also causes oxidative
stress in ovarian tissue. The fact that MDA
concentrations were higher in the MTX

uterus to body weight ratio mglg

group ovarian tissue than in other groups
reflects the severity of lipid peroxidation
in the cell membrane. Lipid peroxidation is
a reaction where free oxygen radicals of
polyunsaturated fatty acids generate
products such as peroxides and MDA. The
MDA produced causes irreversible more
severe damage in the cell("9),
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Figure 3: uterus/ body weight ratio
(mg/g) in study groups expressed
as the mean = SD (n = 7), analyzed
by one-way ANOVA followed by
Duncan’s multiple comparisons
test.

¥, p < 0.001; * compared with
normal control group, * compared
with methotrexate and mononu-

clear cells treated group.
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Wang et al. found that HUMSCs transplan-
tation reduced chemotherapeutic-induced
apoptosis of mouse ovarian cells and re-
stored ovarian estrogen secretion(°),
These results suggested that this tech-
nique could treat ovary injury because of
chemotherapy. In other studies(*-23), mes-
enchymal stem cells were derived from
adipose seed cells and amniotic fluid to
treat ovarian injury because of chemo-
therapy. More recently the use of umbili-
cal cord stem cells for xenotransplanta-
tion has been considered. Rats treated
with methotrexate alone showed lower
body weight, ovary to body weight ratio
and uterus to body weight ratio. The pos-
sible reason may be that the reduction in
folate content and alteration of folate co-

T T T
methotrexate group  menonuclear cells control — methetrexate and
mononuclear cels

enzyme pattern may alter cell differentia-
tion and tissue growth. Factors affecting
both protein synthesis and degradation
determine cytoplasmic growth(4. There
was significantly elevated level of FSH in
methotrexate only treated group which
may suggest ovarian dysfunction and un-
responsiveness to this hormone in this
group as compared to mononuclear cells
treated group®V.

Conclusion

The use of human umbilical cord blood
mononuclear transplantation prevented
reproductive organs damage and reduced
ovarian oxidative stress in rats treated
with methotrexate.
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MDA levels in study groups
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Figure 4: MDA level in study
groups (umol/g protein), val-
ues are expressed as the mean
+SD (n = 7), analyzed by one-
way ANOVA followed by Dun-
can’s multiple comparisons
test.

*, #,$, p < 0.001; ¥ compared

with normal control group, #
compared with mononuclear
cells group, $ compared with
methotrexate and mononu-
clear cells treated group and

Figure 5: Level of FSH
mlU/ml in study groups
expressed as the mean
+SD (n =7), analyzed
by one-way ANOVA
followed by Duncan’s
multiple comparisons
test.

*, " p<o0.001; ¥ com-
pared with normal con-
trol group, * compared
with methotrexate and
mononuclear cells
treated group.
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