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Abstract

Background: Urtica dioica (UD), as a natural antioxidant, has positive effects on oocyte maturation. This study aimed to investigate
the effects of hydro-alcoholic UD extract and retinoic acid on follicular development in an in vitro fertilization (IVF) condition.

Methods: A total of 40 female Wistar rats were randomly divided into 5 groups: group 1 received normal saline, group 2 was given
25 mg/kg retinoic acid, group 3 was administered with 100 mg/kg UD extract, group 4 was treated with retinoic acid plus UD extract,
and group 5 received 10 mg/kg olive oil. The histomorphometric parameters were analyzed, including the number of follicles, follicular
atrophy, fertilized oocytes, 2-cell embryos, dead embryos, and blastocysts.

Results: Retinoic acid caused a significant increase in the primary, preantral, and atretic follicles and a substantial decrease in the
corpus luteum compared with the control group (p<0.001). The number of preantral, antral follicles, and corpus luteum was significantly
higher in group 3 compared with group 1 (»p<0.001). Moreover, coadministration of UD plus retinoic acid (group 4) significantly reduced
the atretic follicles (p<0.05).

Conclusion: Based on the results, UD herbal extract, as a natural antioxidant agent, could reduce the adverse effects of retinoic acid
on oocyte maturation in an IVF condition.
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Introduction

Fertility is defined as the ability to bear children and suc-
cess in reproduction. In contrast, infertility means malfunc-
tioning and disordering of reproduction, and problems re-
lated to that are the most important problems in the couples’
lives (1). The most common reason for infertility in women
is the immaturity of a sufficient number of healthy and ac-
tive oocytes (2, 3). Women who would lose their reproduc-
tive glands in invasive medical treatments like radiotherapy
or chemotherapy or, due to environmental-occupational
damages, will be presented with a decreased chance of be-
coming mothers (4). Generally, 2 fundamental problems re-
garding ovary biology have remained unknown—the fac-
tors controlling the initiation of primordial follicles’ devel-
opment, and the quality of the dominant follicle selection
process (5).

The development of the technologies required for the in
vitro growth and maturity of the ovarian follicle has been
an important issue because of the factors controlling the pri-
mordial follicles’ development initiation (6); however, se-
lecting the culture medium for follicle development is dif-
ficult (7). Many growth factors and inducers play important
roles in ovarian follicles development. In addition, the bal-
ance between producing and entrapment of free oxygen
radicals is important for acquiring impregnation ability in
the laboratory. Therefore, adding antioxidants to the culture
medium is important for the in vitro maturation of the oo-
cytes (8, 9). Antioxidative agents have exhibited free radi-
cal scavenging activities to prevent oxidative damage to
cellular DNA (10-12).

Herbal remedies have a long medicinal history spanning
thousands of years as safe, useful substances. Medicinal
plants not only have an antioxidant function but also have
the potential for detoxification properties (13). Several
studies reported that chemical and herbal medicinal com-
pounds could affect reproductive function in either separate
or combined doses (14-16). Urtica dioica (UD), or Nettle,
has been known as a medicinal plant and used in traditional
medicine with broad aspects of biological activity (17). UD
is rich in minerals (calcium, sulfur, silicon, potassium, iron,
copper, phosphorus, chromium, magnesium, cobalt, and
zinc) and vitamins (A, B1, B2, C, D, E and K) (18). The
commonly found ingredients in the leaves of the plant are
fatty acids like o—linoleic acid, which is an essential fatty
acid belonging to the Omega3 family (w-3); carotenoids
like lutein isomers, beta-carotene isomers, and lycopene;
phenols like ferulic acid, gallic acid, syringic acid; and fla-
vonoids like catechin hydrate and epicatechin and other in-
gredients like neoxanthin and violzanthin (19).

The in-vivo and in vitro results of several studies in vari-
ous species indicate that retinoic acid exerts dual effects in
such a manner that it plays a key role in vital processes like
oocyte maturity and embryonic evolution in very low dos-
ages. However, it leads to morphological, genetic, and bio-
logical damage in the cells and tissues, especially in the re-
productive system, in higher dosages (above 5 mg/kg) (20).
Damdimopoulou et al stated that retinoids need attention as
possible targets of endocrine disruption by environmental
chemicals and as regulators of adult ovarian physiology
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(21). In a review article, they summarized the current
knowledge related to retinoids in steroidogenesis and fol-
liculogenesis in postpubertal mammalian ovaries. In an-
other study, Vahedi et al investigated the effect of all-trans
retinoic acid administration during in vitro maturation on
bovine oocytes (20). They reported that 1 uM retinoic acid
significantly increased the bovine oocyte maturation.

Although the positive effects of retinoic acid on the mat-
uration of oocytes have been shown previously, there are
no data related to the effects of UD alone or combined with
retinoic acid on oocyte maturation. This is the first study
focused on the effects of UD hydroalcoholic extract and
retinoic acid, alone and in combination, on the histology of
the ovary, in vitro maturation, fertilization, and develop-
mental rates in an animal study.

Methods

Animals’ Grouping and Drug Administration

In this study, 40 mature female Wistar rats and 10 mature
male rats (for sperm extraction and performing in vitro fer-
tilization, IVF) in an age range of 6 to 8 weeks, and approx-
imate weight of 30 + 5 g were used. The rats were divided
into 5 groups (8 rats in each group)—Group 1 (the control
group) was administered only with normal saline; group 2
was administered 25 mg/kg retinoic acid; group 3 was ad-
ministered 100 mg/kg UD extract; group 4 was simultane-
ously administered 25 mg/kg retinoic acid and 100 mg/kg
UD extract; and group 5 was administered 10 mg/kg olive
oil.

Retinoic acid (ATRA; Sigma-Aldrich Co) was dissolved
in 100 mg/mL ethanol and diluted using 10 mg/mL olive
oil, and finally used in the study in either of the following
2 methods: injected intraperitoneally (in vivo method) for
7 consecutive days to the rats and added in a single dosage
to the culture medium (in vitro method) for growing the in-
fertile oocytes to perform IVM (in vitro maturation) in the
corresponding groups. UD was administered in 2 different
ways: intraperitoneal injection for 7 days in a row, and [VM
in the corresponding group was performed using a single
dosage of the immature oocytes culture media (22).

In the present study, all procedures were performed ac-
cording to the protocols approved by the EU Directive
2010/63/EU and NIH Office of laboratory animal welfare
(OLAW) guidelines. The study protocol and animal use
were reviewed and approved by the local ethics committee
on animal experimentation (approval no. HI2REA183).

Extract Preparation of UD

To prepare the UD extract, a maceration method was uti-
lized. After cleaning and isolating the waste, the plant parts
were placed inside a glass container. The water and alcohol
mixture was added for a ratio of 80% ethanol alcohol and
20% distilled water. After 72 hours, the mixture was passed
through the Buchner funnel, filtered using Whatman filter
paper no.1, and collected in a flask. The solution was con-
densed using a rotary device at a water temperature of 38
°C and a flask spinning at 75 rpm (23).
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Determination of Total Phenol and Flavonoid Amounts

We calculated the portions of the phenolic ingredients ac-
cording to the Folin-Ciocalteu chromatography method in
milligram equivalent of gallic acid (24). Then, we prepared
the standard solutions with gallic acid concentrations of
12.5, 25, 50, 62.5, 100, and 125 ppm in a 60% methanol
solution. The light absorptions were measured using a spec-
trophotometer in 765 nm, drawing standard diagrams. Fla-
vonoid amounts were measured based on aluminum chlo-
ride chromatography in mg. The light absorptions were
read in 415 nm for flavonoid standard, and the standard di-
agrams were drawn (24).

Assessing the Antioxidant Activities

The antioxidant activity rates of the extract were meas-
ured using the DPPH (1, 1-diphenyl-2-picrylhydrazyl)
method. This method was implemented, as recounted in
previous studies (25). To do the calculations, each extract
stock and butylated hydroxytoluene (BHT) were separately
dissolved in Img/mL and 0.1mM methanol, respectively.
Then, 8 concentrations ranging between 10 pg/mL and 100
pg/mL were obtained for the extract, and 8 concentrations
were also prepared for BHT. Their light absorptions were
read in 517 nm, and ICso was calculated with the following
formula:

ICso (%) = [(A control — A sample)/A control] x100.

Histological Investigations

After the last injection day, the ovaries were removed for
histological examinations and IVF investigations. The ova-
ries were soaked for 72 hours in a 10% fixative formalde-
hyde buffer at ambient temperature to safeguard tissue sta-
bility. After the fixation and ensuring the tissue stability,
the specimens were observed under a photomicroscope. To
perform microscopy of the tissue specimens, ethanol in as-
cending degrees and xylene and paraffin were used. Histo-
logical sections were evaluated using hematoxylin (C.I.
75290; Merck) and eosin (C.I. 45380; Sigma) staining.
Also, the thicknesses of the theca interna and granulosa
layer in antral follicles were measured. To investigate the
ovary tissue variations, the structures extant in the ovary
were classified based on the morphology into 5 groups: (1)
primary follicles (PF); (2) preantral follicles (PAF); (3) an-
tral follicles (AnF); (4) corpus luteum (CL), and (5) atretic
follicles (AtF), and their changes were evaluated in the
ovary.

Oocyte, Sperm Collection, and IVF

Spermatozoa and oocytes were seeded for the in vitro in-
vestigations. The PMSG hormone for 5 international units
(IU) was injected intraperitoneally to induce the prolifera-
tion and development of oocytes in each rat. Female ani-
mals (that did not receive an injection) were killed by cer-
vical vertebrae dislocation, their skin and peritoneum were
removed, and the abdominal cavity was observed. Then, the
oocytes and cumulus cells (cumulus-oocyte complex-
COC) were collected from the ampulla region of the uterine
tubes on both sides and transferred to Petri dishes contain-
ing human tubal fluid (HTF) culture medium. Different
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numbers of immature germinal vesicle (GV) oocytes were
obtained from the female rats. Then, we used a pipetting
method to remove their peripheral cumulus cells, and, in
total, 625 oocytes were obtained in the entire repetition
times of the experiments.

The obtained oocytes were randomly assigned into 5
groups (similar to the study groups), including group 1: ad-
ministered only with normal saline; group 2: administered
with 25 mg/kg retinoic acid; group 3: administered with
100 mg/kg UD extract; group 4: administered simultane-
ously with 25 mg/kg retinoic acid and 100 mg/kg UD ex-
tract, and group 5: administered with 10 mg/kg olive oil. In
this method, retinoic acid, UD extract, and olive oil were
added in single doses to the culture medium of the imma-
ture oocytes for the IVM to be accomplished in the corre-
sponding groups. The IVM stages and meiosis resumption
were investigated in all groups using inverse microscopy in
such a manner that the oocytes maturity rates were calcu-
lated after 24 hours: the oocytes with the first polar body
were considered as oocytes in metaphase-II (MII) stage, se-
lected for IVF. To collect sperm for IVF, healthy male rats
were killed by cervical dislocation. Their epididymis tails
and vas deferens were removed and transferred to Petri
dishes containing HTF culture medium. The culture me-
dium was incubated at a temperature of 37 °C and a CO,
concentration of 5%. Next, 5 pL of semen was added to the
oocytes. About 5 hours after the addition of sperm, the em-
bryos were cleaned in the droplets of KSOM culture me-
dium and subsequently transferred to the fifth droplet in the
middle of the petri dish. To perform a quantitative investi-
gation of the IVF process, the numbers of 2-cell embryos
and blastocyst embryos were counted and recorded using a
stereomicroscope | day and 4 days after fertilization, re-
spectively.

Statistical Analysis

All data were represented as mean + standard deviation.
SPSS software version 20 (SPSS Inc) was used for analysis.
For the comparison of data, 1-way analysis of variance with
Tukey tests was used. Statistical tests were considered sig-
nificant at P < 0.05.

Results
Antioxidant Activity of the UD Extract
The results of the UD extract’s contents of total flavo-
noid, total phenol, and antioxidant activity (ICso) are pre-
sented in Table 1. The results indicated that the antioxidant
activity of UD extract was increased linearly with the con-
centration increase.

Histological Findings

Different follicles, including Graafian follicles with thick
layers of granulosa cells, and a considerable number of cor-
pus luteum, were observed in the morphological investiga-
tion of the transverse tissue sections prepared from the ova-
ries of the control rats. A varying number of follicles in var-
ious developmental stages and atretic follicles with weak
layers of granulosa cells were observed in the ovaries of the
other groups (Figures 1 and 2).
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Table 1. Total flavonoid, total phenol and antioxidant activity (ICs) of the Urtica dioica extract

Total flavonoids Total phenol IC50 of DPPH radical
mg Gallic acid/gDw extract mg rutin/gDw extract (mg/mL)
20.30 106.77 92.128

Figure 1. Histology of the ovaries in various studied groups (Hematoxylin &Eosin staining; magnification 40X). 1A and 1B are images pertaining to
groups 1 and 5: ovary transverse sections in the control group along with the corpus luteum. Epithelial tissue of the ovary surface of the pavement to
simple cubic forms wherein various types of follicles, including resting follicles, and growing follicles including primary, preantral (secondary) and
antral follicles can be observed. Image 1C growing follicles including primary, preantral (secondary) and antral follicles can be observed and they
are mostly found with atresia. Image 1D group 3: all types of follicles, including primary, preantral, antral and corpus luteum, were observed. Also,
the number of mature oocytes, in contrast to groups 1 and 5, was found increased; image 1E group 4: various kinds of developing and healthy follicles

along with a number of follicles undergo atresia (8 mice in each group).

No significant difference was observed between the stud-
ied groups regarding primordial follicles (p>0.05). Injec-
tion of 25 mg/kg retinoic acid for 7 consecutive days (group
2) caused an increase in the primary follicles (5.75 + 1.28
and 12.50 + 1.69; p<0.001), preantral (18.62 + 1.59 and
29.50 £ 2.67; p<0.001), and atretic follicles (3.12 = 1.35
and 9.62 £ 2.26; p<0.001), and reduction in the corpus lu-
teum (9.0 = 1.51 and 3.0 + 1.51; p<0.001), as compared
with the control group (group 1).

Injection of 100 mg/kg UD extract (group 3) caused an
increase in the preantral (18.62 + 1.59 and 23.0 + 1.92;
p<0.001), antral (5.25+ 0.7 and 9.12 £ 1.12; p<0.001), and
corpus luteum (9.0 + 1.51 and 12.25 + 1.98; p< 0.001) as
well as insignificant reduction in the atretic follicles com-
pared with the group 1 (p=0.332). Also, the extract injec-
tion to the group that had been administered with retinoic
acid and UD extract (group 4) caused a reduction in the
atretic follicles (9.62 +2.26 and 7.37 £ 1.99; p=0.043) and
an increase in the number of corpus luteum (3.0 + 1.51 and
6.50 = 0.92; p<0.001) compared with group 2, and this is
indicative of ovulation. Moreover, it caused an insignificant
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decrease in the antral follicles (6.50 = 1.30 and 6.0 & 0.92;
p=0.674). Generally, the corpus luteum was at its lowest in
group 2 and highest in group 3.

The Results of Laboratory Impregnation

The results indicated no significant difference in the
number of GV oocytes between the studied groups
(»>0.05). However, the oocytes’ maturation and reaching
the stage of MII were variable in the groups in such a man-
ner that the number of MII oocytes was significantly differ-
ent from that of group 2 (p=0.005) and group 4 (p=0.051).
After adding sperm to the oocyte in various groups, the 2-
pronucleus embryo formation was found to be different in
that group 3 (received only 100 mg/kg UD extract) signifi-
cantly differed from group 2 in terms of the number of 2PN
embryos (p=0.002). The results of statistical analysis indi-
cated that group 3 was significantly different from groups
2 (p<0.001) and 5 (p=0.018) in terms of the number of 2-
cell embryos. This shows the adverse effects of high doses
of retinoic acid on the embryo's survival.
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Figure 2. Comparison of the follicle development stages in ovary tissues of the studied groups (n=8). To compare the groups, one-way variance
analysis along with the Tukey test was used. (a) Number of Primordial follicles; (b) Number of Primary follicles; (c) Number of Preantral; (d) Number
of Antral follicles; (¢) Number of Atretic follicles; (f) Number of Corpus-luteum. Control: injected only by normal saline, RA: injected by 25 mg/kg
retinoic acid, Olive oil: injected by 10 mg/kg olive oil, Nettle extract: injected by 100mg/kg UD extract, RA+extract: simultaneously injected by 25
mg/kg retinoic acid and 100 mg/kg UD extract. *: significantly differs with groups 2, 3 and 4 (P<0.05); #: differs significantly with groups 1, 3, 4
and 5 (P<0.05); $: significantly differs from groups 1, 2, 4 and 5 (P<0.05); &: significantly differs from groups 1, 3 and 5 (P<0.01).

The results also showed that blastocyst formation (em-
bryo grows until reaching the 32-cell stage) was at its low-
est in group 2 and the highest in group 3. Therefore, group
2 was significantly different from groups 1 (p=0.003), 3
(»=0.001), and 4 (p=0.012) in terms of blastocyst number.
In line with this, a significant difference was also observed
between group 3 with groups 2 (p<0.001), 4 (p=0.049), and
5 (p=0.004) (Table 2).

Discussion
Low dosages of retinoic acid cause oocyte maturity and

embryonic evolution; however, higher dosages (above 5
mg/kg) can lead to morphological, genetic, and biological
damage in the cells and tissues (20). We assessed the com-
bination/alone effects of UD hydroalcoholic extract and ret-
inoic acid (in high dosage) on the histology of the ovary, in
vitro maturation, fertilization, and developmental rates in
an animal study.

Based on the histological results of the ovaries, injection
of'a high dosage of retinoic acid led to the creation of atretic
follicles, reduction in the number of antral follicles and cor-
pus luteum, very few oocytes—due to the decrease in the
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Table 2. Comparison of the in vitro maturation and fertilization results of the studied groups

Developmental stages of IVM&IVFE processes

Groups Total After 4 After 16-18 Total MII 4-6 hours af- 20-26 hours 30 hours af- 96 hours af-

COCs  hours- GV hours- MII oocytes fer- ter IVF-2PN after IVF-2- ter IVF-Dead ter IVF- Blas-
tilization embryo cell embryo Cell tocyst

1 105 11.00+0.68 9.00+0.85 72 7.25+0.59 5.62+0.71 1.12+0.23 4.75+0.45

2 121 9.38+0.63 7.12+0.72 57 5.12+0.69 3.50+0.54 1.88+0.30 1.62+£0.42 ¢

3 116 11.75+0.62 10.75+0.62" 86 9.12+0.67 * 7.50+0.46 * 0.88+0.30 6.62+0.71 *

4 96 9.88+0.81 8.00+0.46 64 6.75+0.73 5.25+0.80 1.25+0.25 4.38+0.57

5 118 11.50+0.82 8.62+0.68 69 6.50+0.78 4.62+0.53 1.25+0.37 3.62+0.57

To compare the groups, one-way variance analysis along with Tukey follow-up test was used. *: has significant difference from groups 2 and 4 (p<0.05). #: has significant
difference from group 2 (p<0.01). $: has significant difference from group 5 (p<0.05). &: has significant difference from groups 1, 3 and 4 (p<0.01). +: has significant
difference from groups 2, 4 and 5 (p<0.05). COC: cumulus oocyte complex; GV: germinal vesicle; MII: Metaphase II.

number of corpus luteum. It also reduced the number of 2-
cell embryos and increased fetal deaths. The disorder of
embryonic development was observed as a reduction in
blastocyst embryos in the present study. Kenter et al
showed that the injection of UD extract moderates and im-
proves the effects of CCL4 administration, which causes an
increase in the peroxidation of lipids and hepatic enzymes
as well as a reduction in the antioxidant levels (26).

In our study, injection of retinoic acid in a dosage of 25
mg/kg for 7 consecutive days caused an increase in the
number of atretic follicles, a reduction in the number of cor-
pus luteum, and a decrease in the number of 2-cell embryos
and blastocysts, which are consistent with a previous study
(26). The increase in the percentage of antral follicles in the
present study originated from vitamins and flavonoids in
UD extract, preventing the destruction of oocytes and re-
ducing oocyte death (24). Therefore, the number of availa-
ble oocytes ready for growth and development increases.
Every factor disrupting the hypothalamus-pituitary-gon-
adal axis causes malfunctioning of the axis, resulting in the
disordering of the gametes’ production (27). There is no re-
ceptor for the FSH hormone when the primary follicle pos-
sesses 4 layers of granulosa cells. However, as mentioned
earlier, the receptors appear on the follicular cell surface
(28).

A controlled hormonal and physiological process called
follicular atresia is used to describe the failure and reab-
sorption of the gametes. (29). Although the process is de-
fined as a natural and physiological mechanism, it has been
reported that the atresia inhibition mechanism might be
simulated by several factors, including pituitary gland sur-
gery, dietary regime disorders, environmental stressors,
and chemical substance (30). reactive oxygen species par-
ticipates in a vast spectrum of fertilization physiological
functions, including oocyte maturity, ovary steroidogene-
sis, ovulation, implantation, blastocyst formation, and cor-
pus luteum function (31). Increasing the number of follicles
in the groups administered with UD hydroalcoholic extract,
compared with retinoic acid, can be attributed to a high
level of antioxidants like flavonoids in the plant. Due to the
ovary's cycles of tissue changes, steroid and peptide secre-
tion, and steroid and peptide synthesis, which are related to
vitamin C, the presence of vitamins A and C in UD extract
can have protective effects on ovulation. Ovary is the main
storage place of vitamin C with the highest concentration
in the theca interna, and granulosa cells (32). UD contains
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such compounds as sterols, flavonoids, and polysaccha-
rides, which may have antiandrogenic effects and prevent
the formation of active forms of testosterone by inhibiting
5-alpha reductase activity. Thus, stromal cells and follicu-
lar cell orders are preserved through normal functioning
levels, thereby enhancing fertility power (33). Aktas et al
showed that the structural disorders were reduced in the
group administered with 2 mg/kg UD during spermatogen-
esis (34). The data obtained from the present study comply
with the results obtained by the data from the present study
comply with the results of Aktas et al that support the pos-
itive effect of UD extract on fertility. Akondi et al showed
that 10 mg/kg Naringin and Rutin caused improvement of
all the sperm-related parameters, reduced malondialdehyde
levels and increased superoxide dismutase and catalase lev-
els (39).

In summary, retinoic acid and UD increase oocyte mat-
uration, fertilization, and embryo developmental rates in
rats with different effects at high doses. UD extract contains
active ingredients such as Naringin and Rutin; hence, it can
be considered a factor giving rise to the increase in the num-
ber of 2-cell embryos. The possible mechanisms of the pos-
itive effects of UD can be due to oocyte cytoplasmic matu-
ration promotion through direct or indirect modulatory ef-
fects on the gene expression pattern of gonadotropin recep-
tors.

Our study has several limitations that could be considered
in future studies. We only assessed the concentration of 100
mg/kg UD extract; In light of this, combining a plant-based
diet and maturation medium with UD herbal extract as a
natural antioxidant agent is recommended. In addition,
other natural antioxidant agents like Chinese yam polysac-
charide can be assessed along with UD herbal extract.

Conclusion

We investigated the effects of UD hydroalcoholic extract
and retinoic acid alone and in combination on the histology
of the ovary, in vitro maturation, fertilization, and develop-
mental rates in the rats. The results demonstrated that UD
herbal extract as a natural antioxidant agent could reduce
the adverse effects of (high doses of) retinoic acid on 0o-
cyte maturation in an IVF condition.
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