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ABSTRACT
Article info: Background: Chemotherapy agents can cause ovarian dysfunction and eventually lead to
Received: 03 Sep 2020 i infertility. This study investigated the effect of nasturtium officinale extract on the ovarian

function following the toxicity induced by doxorubicin in female rats.
Accepted: 06 Dec 2020

Online Published: 01 Jan 2021 Methods: Forty eight female Wiﬁt.ar. rats (180-210g) were randomly divided in s1x groups as
follows: Group I, normal rats receiving 1ml normal saline; Group II and III receiving 25 and
75 mg/kg of the extract daily by gavage for 21 days. Groups IV, V and VI receiving 10 mg/
kg doxorubicin intraperitoneally on the first day. In addition, Group IV and V received 25
and 75 mg/kg of the extract, respectively. The serum levels of estrogen, progesterone, Follicle
Stimulating Hormone (FSH), Luteinizing Hormone (LH) and ovarian Malondialdehyde
(MDA) were determined after 21 days of treatment. The mean numbers of various graafian

follicles and corpus lutea were recorded after treatment.

Results: The mean serum FSH level in Group VI (0.11£0.01) significantly reduced compared
to those in Groups II (0.21£0.05) and III (0.2340.01), (P<0.05). The mean serum LH and
estrogen levels in Group VI (0.16+0.08) reduced insignificantly compared to those in the
controls (0.21+0.02), and in Groups II (0.23+0.03) and III (0.22+0.09). A significant reduction
¢ in the number of primary, secondary and graafian follicles were observed in Group VI
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Research Center, School of Medicine,

Yasuj University of Medical Sciences,

* Corresponding author:

Conclusion: The nasturtium officinale extract attenuated the toxic effect of doxorubicin on the

Yasuj, Iran rat ovaries and protected the cell division in the follicles and the oocytes maturation.

E-mail: delavizhamdi83@gmail.com Keywords: Doxorubicin, Drug interactions, Nasturtium officinale, Ovaries, Rats

Introduction tions including, bone marrow suppression, ovarian in-

sufficiency and heart damage [1, 2]. Unfortunately, the
oxorubicin is an antitumor drug used for long-term use of doxorubicin causes unwanted toxic
the treatment of different cancers, such effects, such as leukemia and induced ovarian cortical
as breast cancer, solid tumor and gastro- fibrosis and germ cell damage [3, 4].

intestinal cancer [1]. As a chemotherapy
drug, doxorubicin has several complica-
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The ovarian histology after treatment with doxorubicin
showed fibrosis in the ovarian cortex and induced apop-
tosis in the arterial endothelium [5]. The stromal changes
and reduction in the follicular reserves cause ovarian fail-
ure to produce estrogen and progesterone [6]. Doxorubicin
slows down the proliferation of cancer cells by inhibition
of topoisomerase activity, causing tumor cell death [7].
At high doses, doxorubicin increases reactive oxidation,
causing heart complications, apoptosis of follicular cells
and ovarian parenchymal changes [8]. Specifically, this
chemotherapeutic agent induces damage to the follicular
cells at varying growth stages of oogenesis. The primor-
dial follicles are especially sensitive to toxic drugs and in-
hibitors of topoisomerase activity, such as doxorubicin [9].

The mechanisms by which chemotherapy induces
ovarian toxicity are inadequately studied in women [10].
It has been reported that a variety of chemotherapeutic
drugs, such as bleomycin, doxorubicin and valrubicin,
induce DNA damage by binding to the DNA and pre-
vent the transcription process [11]. Some antioxidant
substances can inhibit DNA damage in the follicular
cells when exposed to toxic drugs before apoptosis. A
previous study has indicated that polyphenols in foods or
spices, such as curcumin, gallate, epicatechin, and resve-
ratrol, have potent anti-tumor properties and are protec-
tive to the health of the reproductive system in cancer
patients [12, 13]. Antioxidant agents effectively inhibit
the carcinogenic properties of drugs and protect cells
from the damaging effect of Reactive Oxygen Species
(ROS). A disproportional rise in the intracellular ROS
induces apoptosis and inhibits cancer cell cycle [12, 14].
This can also be achieved with chemotherapy, depletion
of cells from antioxidant proteins or generation of ROS
by immune cells [13, 15].

Nasturtium officinale (N. officinale), also known as wa-
tercress, is an aquatic plant belonging to Brassicaceae fam-
ily and is rich in vitamins and minerals. They grow rapidly
in fresh water and are extensively used as a leafy vegetable
food by humans. The plant has important role in the water
ecosystems and creates favorable environment for many
amphibian organisms, such as small fish [16]. The leaves
of this plant are traditionally used as medicine in some
parts of Iran in the treatment of kidney stones, diabetes
and high blood pressure. The presence of flavonoids, phy-
tochemicals, antioxidant phenolic and -carotene has been
confirmed in the extract of N. officinale [16]. As a healthy
diet, the flowers of this plant contain useful elements, such
as magnesium, potassium and zinc. These elements have
an important health role in growth, cell division and the
immune system function [17].

=
< e
»/L@I‘J\; e

ap Iranian Journal of Toxicology
W) ARAK UNIVERSITY OF MEDICAL SCIENCES

However, when chemotherapeutic agents are used in the
treatment of cancers of breast, ovaries and uterine, the treat-
ment is associated with detrimental effects, leading to infer-
tility and declined sex hormone level [18]. Therefore, the
aim of this study was to investigate the effects of hydroal-
coholic extract of N. officinale on the ovarian function in
rats, and the status of ovarian lipid peroxidation following
toxicity induced by doxorubicin. We have obtained promis-
ing results about ovarian hormone production and follicular
development which will be discussed in this article.

Materials and Methods

Collection and Extraction of Plant Material: The leaves
and aerial parts of the N. officinale were collected from
the spring waters around the mount Dena in Fars Province,
south west of Iran in May 2018. The plant samples were
authenticated by Dr. A. Jafari at the Department of Botany,
Yasuj University (Yasuj, Iran) and a voucher was issued
(No.MPRC-YUMS-13). The plant samples were washed,
dried in shade at room temperature and shredded finely in
an electric grinder (#3000, East Asan Toss, Tehran, Iran). A
500g sample of N. officinale powder was dissolved in 70%
ethyl alcohol in a percolator (Bayamad Technology Co.,
Tehran, Iran) and kept 72 hours at room temperature (24+2°
C). The solution was then filtered twice, using of a porous
cloth and concentrated on a rotatory lyophilizer (Heidolph;
Schwabach, Germany) at 50°C and under vacuum.

The extract: For dry powder preparation, the mate-
rial was incubated for three days in the oven at 39° C, and
stored in a freezer (Pars-Iran Co., Tehran, Iran) at -20° C.
Two extract solutions were prepared (25 and 75 mg/ml).
The extract powder was weighed accurately to the fourth
decimal on an electronic scale (A & D-HR 300, Japan), then
dissolved in distill water and were given to rats by gavage.

Doxorubicin: For the preparation of doxorubicin, a 50mg
vial (Sigma-Aldrich, Germany) was diluted in normal sa-
line and kept in the freezer at -4° C. This was injected intra-
peritoneally at 10 Mg/kg body weight based the previously
reported procedure [19].

Animals: The animal sample size was determined based
on a previous study [20]. Forty eight adult female Wistar rats,
weighing 180-210g were purchased from the animal house
of Shiraz University of medical sciences. They were divided
randomly into six equals groups of 8 animals each. The ex-
periments were carried out based on Helsinki Declaration
Guidelines, which are observed by both Shiraz and Yasuj
Universities of Medical Sciences. All experiments with ani-
mals were ensured to minimize pain and suffering of the rats.
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Animal grouping: Group I (normal controls) received
a single 1ml normal saline by gavage daily for 21 days,
Group II and IIT were treated with one daily dose of 25
and 75 Mg/kg of the extract, respectively, for 21 days,
based on a previous study [21]. Groups IV and V re-
ceived one intraperitoneal injection of 10 mg/kg doxo-
rubicin on the first day, followed by a 25 or 75 Mg/kg of
the extract, respectively, by gavage for the next 21 days.
Group VI was treated with a single dose of 10 mg/kg of
doxorubicin on the first day of the experiment, as previ-
ously described [19]. Vaginal smears were taken to iden-
tify the estrous stage on a microscope (Olympus BX51,
Japan). Based on the type of cells present on the vaginal
smears, the estrous cycles were identified in the rats.

Serum hormones measurement: At the completion
of the 21-day experiments, the rats from each group were
anesthetized with a combination of ketamine (80 mg/kg)
and xylazine (10 mg/kg). The blood samples were taken
by heart puncture and stored at room temperature for 20
minutes to prepare serum. The samples were centrifuged
at 3000 rpm for 20 minutes at 4° C (Hettich EBA 200
centrifuge, Japan), and the serum levels of estrogen,
progesterone, Follicle Stimulating Hormone (FSH) and
Luteinizing Hormone (LH) were assayed, using ELISA
kits (Cusabio Biotech, Wuhan, China). Blood samples
and standards were measured in duplicate and the mean
values for each sample were used in the analysis.

Histomorphometry study: After the animals were
euthanized, the right ovary from each rat was dissected
free of the adjacent mesentery and fat tissue. They were
weighed, washed, dehydrated and embedded in paraf-
fin wax blocks. The ovaries were sectioned into Spm
pieces on a rotary microtome (DS 4055; Deed Sabz Co.,
Tehran, Iran). Every second sections were mounted on
gelatin-coated glass slides, stained with hematoxylin
and eosin, dehydrated and covered with glass slip. The
histological changes in the ovaries were examined mi-
croscopically (Olympus Ax70, Japan), and the numbers
of primary, secondary, graafian follicles and corpus lutea
were counted and recorded.

Malonaldehyde levels: The concentration of the
ovarian lipid peroxidation was determined for the rats
in each group based on a previously described method
[22]. The left ovary from each rat was removed, sepa-
rated from adjacent tissues and washed in normal saline.
The mean concentration of Malondialdehyde (MDA)
was determined for each group, using thiobarbituric
acid test as previously described [23]. The ovarian tissue
samples were homogenized (IKA, Werke, Germany) in
1.5% KCI for 3 minutes. Then, 1ml thiobarbituric acid
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(6%) and 3 ml phosphoric acid (1%) were added to the
homogenate, and the mixture was incubated at 98°C for
an hour. After cooling, 4.5 ml of n-butanol was added
to the mixture, vortexed for one minute and centrifuged
at 3000 rpm for 25 minutes. The absorbance of the su-
pernatant was measured at 532nm, on a spectrophotom-
eter. The standard curve was drawn, using 1,1,3,3-tet-
ramethoxypropane and the MDA concentration was
expressed as nmol/g of the tissue.

Data analyses: The data analyses were performed us-
ing one-way ANOVA followed by Tukey’s post-hoc test
(Prism 5; Graphpad Software Inc., San Diego, CA). All
data are expressed as the MeanSD. A P<0.05 was con-
sidered as being statistically significant.

Results

Serum Levels of Progesterone, Estrogen, FSH and LH:
The results demonstrated that the mean progesterone
level in Group VI rats that received doxorubicin was sig-
nificantly reduced compared to those for Groups II and
III that received 25 and 75 mg/kg, respectively, of the ex-
tract (P<0.05) (Table 1). The mean FSH level in Groups
IV and V decreased insignificantly compared to those in
Groups II and III that received the extract only (P>0.05).
As shown in Table 1, the means of LH and estrogen lev-
els in Group VI were reduced insignificantly compared to
those in Groups II and III, and the controls. The mean LH
and estrogen levels in Groups IV and V were lower than
those in Groups I and III, and the controls insignificantly.

Alterations in follicles: As shown in Table 2, a sig-
nificant reduction of the primary, secondary and graaf-
ian follicles were recorded in Group VI compared to
those in the controls (P<0.05). No significant changes
were detected in these follicles in Groups IV and V that
received both the extract and doxorubicin compared
to Groups II and III, and the controls. The number of
corpus lutea in both the controls and those treated with
the extract increased significantly compared to Group
VI that received doxorubicin alone (Table 2). The mean
number of Graafian follicles increased significantly in
other groups compared to those in Group VI that re-
ceived doxorubicin only (Figure 1). Although the mean
number of primary, secondary and Graafian follicles
increased in Group V compared with Group IV that re-
ceived doxorubicin plus 75 or 25 mg/kg of the extract,
the differences were not significant (Figure 1).

Histomorphological changes: The result demon-
strated that doxorubicin reduced the follicular and theca
cells in Group VI compared to the controls and Group V

Rad P, et al. Nagturtium Officinale Attenuated Doxorubicin-induced Ovarian Toxicity. Iran J Toxicol. 2021; 15(1):57-64.
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Table 1. Mean serum levels of FSH, LH, Estrogen and Progesterone in rats after 21 days of treatment with the N. officinale extract

MeanSD
Group
FSH mIU/mL LH miU/mL Estrogen pg/ml Progesterone pg/ml

Control (1) 0.18+0.08 0.21+0.02 482.23+12.23 10.83£1.12

NOE 25mg/kg (11) 0.21+0.05* 0/23+0.03 51.17+5.01 11.91+1.32

NOE 75mg/kg (ll1) 0.23+0.01* 0.22+0.09 54.91+1.01 13.51+1.13

NOE 25mg/kg+ Doxorubicin IV 0.13+0.07 0.17+0.06 42.41+2.83 5.51+1.94
NOE 75mg/kg+ Doxorubicin (V) 0.14+0.02 0.19+0.02 46.63+6.12 7.63+1.42¢

Doxorubicin (VI) 0.11+0.01** 0.16+0.08 40.32+8.11 4.42+1.53***

*Compared to the group VI (P<0.05); **Compared to the group I (P<0.01); **Compared to groups 1-3 (P<0.001); ¥ Compared

to group 4 (P<0.01).

Table 2. Mean number of follicles & corpus luteum in rat groups after 21 days of treatment, N. officinale extract

MeanzSD
Group
Primary Follicle Secondary Follicle Graafian Follicle Corpus Luteum
Control (1) 6.5243.21 3.53+1.12 3.63+0.03 3.01+0.41
NOE 25mg/kg (I1) 6.42+2.20 3.41+0.20 3.12+0.11 3.52+1.32
NOE 75mg/kg (11I) 7.14+2.13 3.11+0.05 3.42+0.09 3.1340.63
NOE 25mg/kg+ Doxorubicin (IV) 4.32+1.31 2.134#0.13 3.9140.08** 2.51+0.31**
NOE 75mg/kg+ Doxorubicin (V) 5.41+1.43 2.9210.02 3.2040.04** 2.91+1.60**
Doxorubicin (VI) 3.01+1.11%* 1.72+0.03* 1.04+0.02* 0.05+0.03*
*Compared to groups1-3 (P<0.01); ** Compared to group VI (P<0.05).
Table 3. The body and ovarian weights versus Malondialdehyde, N. officinale extract
MeanSD
Group
Animals Weight (g) Ovarian Weight (g) Malondialdehyde (nmol/g)
Control (1) 267.71421.32%** 0.19+0.02 98.36+11.21
NOE 25mg/kg (I1) 240.62+21.51 0.11+0.03 93.49+10.33
NOE 75mg/kg (IIl) 211.91+18.53 0.09+0.01 92.17+10.51
NOE 25mg/kg+ Doxorubicin (IV) 224.21+17.23 0.07+0.02 117.81+13.06
NOE 75mg/kg+ Doxorubicin (V) 211.80+12.52 0.0940.03** 127.654£15.32*
Doxorubicin (VI) 208.82+22.62 0.050.03* 178.48+17.43¥%

*Compared to group 1-3 (P<0.01); **Compared to group 4 (P<0.05); **Compared to groups 3-6 (P<0.05);

¥Compared to the group V (P<0.05) Means+SD.

that received doxorubicin plus the extract (Figure 2). The
number of granulosa cells and the thickness of the theca
decreased in the Graafian follicles of the rats treated with
doxorubicin alone (Figure 2C). The light microscopic
evaluation of the ovarian tissue samples demonstrated
that the internal and external theca and granulosa cells
appeared normal in the control group (Figure 2A). The

consumption of 75 mg/kg of the extract altered the his-
tological appearance toward normalcy in Group V that
received both doxorubicin and the extract (Figure 2B).

The mean ovarian MDA: As shown in Table 3, the
mean serum MDA level in Group VI that received doxo-
rubicin increased significantly compared to other groups
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Figure 1. Light microscopic sections from the ovary tissue samples of rats after 21 days of treatment

Normal ovarian tissue found in the control healthy rats (I). PO: Primary Oocyte; GF: Growing Follicle; CL: Corpus Luteum; SF:
Secondary Follicle; PMF: Primordial Follicle; AF: Antrum Follicle; G: Granulosa cells; S: Stroma; T: Theca were seen in different
groups. All images were stained with H&E staining, 5pm thick section, Scale bar, 50pm.

(P<0.01). The consumption of 75 mg/kg of the extract
in Group V decreased the mean serum level of MDA
significantly compared to those in Group VI (P<0.01).
Although the mean serum level of MDA in Group IV
decreased compared to that in Group V, the difference
was not significant (P>0.05).

Body and ovarian weight: After 21days of treatment,
the results indicated that the rats’ body weight in the con-
trol group increased significantly compared to those in
Groups IV and V (Table 3). The mean ovarian weight in
Group VI decreased significantly compared to those in
the controls and Group V (P<0.05). Also, the consump-

Figure 2. Light microscopic sections from ovaries

tion of 75 mg/kg of the extract in the Group V led to
a significant increase in the mean ovarian weight com-
pared to that in Group IV (P<0.05).

Discussion

Our results demonstrated that doxorubicin caused a
significant reduction in the serum FSH level in rats that
received doxorubicin alone. FSH is one of the essential
hormones that stimulate the growth of follicles, pubertal
maturation and the function of women’s ovaries. Fur-
ther the mean serum progesterone level decreased sig-
nificantly in Group VI compare to those in other groups.

GC: Granulosa Cells; T: Theca were seen in different groups; All images were stained with H&E staining; 5pm thick section; Scale bar; 50pm.

Rad P, et al. Nagturtium Officinale Attenuated Doxorubicin-induced Ovarian Toxicity. Iran J Toxicol. 2021; 15(1):57-64.
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Previous studies have shown that a single injection of
doxorubicin (10 mg/kg) in mice has toxic effects to the
ovaries and reduces the number of primary follicles
compared with controls [9, 19, 24].

Consistently, the present study demonstrated the mean
number of primary, secondary and Graafian follicles de-
creased significantly in rats that received doxorubicin only
compared to the controls and those in groups that received
the extract only. Chemical compounds, such as doxorubi-
cin and cyclophosphamide that generate toxic metabolites
induce lipid peroxidation and cause apoptotic changes in
antral follicles [20, 25]. In our Study, the serum MDA
level increased and the number of primary follicles de-
creased in the rats that received doxorubicin alone. The
findings are consistent with those reported by a previous,
showing that primary follicles were very sensitive to free
radicals, and their cells underwent apoptosis [26].

Another study has shown that a single dose of doxoru-
bicin in mice (10 mg/kg) had toxic effects on the ovaries
and reduced the number of primary follicles compared to
those in the control mice [19]. Consistently, we demon-
strated that the mean numbers of primary, secondary and
Graafian follicles decreased significantly in Group VI
(doxorubicin only) compared to those in the controls and
the groups that received the extract alone. Being an an-
tineoplastic agent with alkylating effects, doxorubicin is
known to be toxic to ovaries, causing follicular cell dam-
age, apoptosis, and inhibiting cellular proliferation [20].

Doxorubicin has been used successfully in the treat-
ment of malignant tumors particularly in childhood can-
cer [27]. The mechanisms by which doxorubicin induces
renal, ovarian, hepatic and cardiovascular toxicity are
not well understood [28]. It has been hypothesized that
doxorubicin, as an iron chelator, promotes lipid peroxi-
dation and oxygen consumption [29]. Another study has
demonstrated that even a low dose of doxorubicin (3 mg/
kg) in mouse has adverse effects on the follicular devel-
opment and hormone production [30]. The present study
examined the adverse effects of doxorubicin on the fol-
licle numbers and ovarian weight.

These findings were supported by another study that
demonstrated the combination of doxorubicin and cisplatin
significantly decreased the follicular cell numbers and the
growth in mice [31]. Antioxidant compounds and chelators
can reduce the toxic effects of anticancer agents [32]. The
extract of N. officinale with its high contents of antioxi-
dant, beta carotene and lutein can not only protect ovaries
but also other organs from oxygen free radicals [33].
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A well documented study has demonstrated that the
daily consumption of N. officinale extract prevents lung
cancer in smokers [34]. It has been shown that the ex-
tract contains isothiocyanate with a known protective
effect against cancer cells [35]. More recently, a clini-
cal study has demonstrated that the crude extract of N.
officinale has anti-metastatic property and can inhibit the
cellular division in human colon cancer cells [36].

Limitation of the Study: A major limitation of this
study was performing the gavage procedure because we
encountered resistance from the rats in the first week of
the study and there was a possibility of causing damage
to their gastrointestinal tracts.

Recommendation for Future Research: Future studies
are warranted to identify the specific bioactive compounds
or molecules in N. officinale with the potential to develop
protective agents against the side effects of doxorubicin
and other chemotherapy drugs for specific clinical trials.

Conclusions

This study indicated that the administration of N. offi-
cinale extract had protective effects on rat ovaries against
doxorubicin-induced toxicity. The extract improved the
ovarian function with respect to the production of pro-
gesterone and estrogen hormones, and improved the
follicular and granulosa cells divisions. Our results con-
firmed that the extract also had protective effects against
the lipid peroxidation caused by doxorubicin toxicity as
shown by the reduced ovarian MDA level. The findings
suggest that the protective effects are likely related to the
antioxidant and anticancer properties of the extract. Fur-
ther studies are required to assess the therapeutic effects
of N. officinale on cell proliferation and growth in other
organs, especially when the cells are exposed to carcino-
genic substances.
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