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ABSTRACT

Cytokines known to their impact in ovarian physiology and follicular responsiveness being stimulated or inhibited. To
investigate the role of human recombinant interleukin-3 (hrIL-3) on folliculogenesis and ovulation in female rats, we
explored 48 female rats divided randomly into four equal groups (control and three treatment groups). All animals
received superovulation protocols using pregnant mare serum gonadotropin (PMSG) 10 IU intra-peritoneally. After 48h,
final maturation of oocytes had achieved using human chorionic gonadotropin (hCG) 10 IU intra-peritoneally. We
injected hrIL-3 concomitantly with hCG in all three treated groups at doses of 15ng, 30ng, and 45ng/rat intravenously,
while control group received normal saline at this time. According to killing time after 12h and 36h of hCG injection, the
animals in all groups had further divided into two subgroups. Samples of ovaries were removed for histological
examination. The result of this study revealed that rats from 45ng of hrIL-3 at 12h after hCG injection had significant
increase (p<0.05) in follicles count in different stages of folliculogenesis as compared to the control group. In addition,
diameters of secondary and Graafian follicles in 45ng group were higher significantly (p<0.05) than control.
Histopathological examination to ovaries of this group demonstrated increased numbers of ovarian follicles in different
stages of maturation, high count of corpora lutea, and congested blood vessels. So, we can conclude that 45ng is the most
effective dose of hriL-3, it may enhance ovulation and promoting growth of ovarian follicles in the different stages of
folliculogenesis.
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INTRODUCTION

Ovarian follicle is the developmental and functional unit of the ovary. It consists of a single oocyte
surrounded by layers of somatic granulosa and theca cells. Upon postnatal life, most oocytes appear as
primordial follicles within a single layer of a few squamous flat granulosa cells. When follicles activated,
theyundergo a series of developmental changes such as proliferation, differentiation and acquisition of a
fluid-filled cavity of granulosa cells known as antrum, and formation of follicle wall(1). Pre-ovulatory
follicle development is shifted away from differentiation toward luteinization after the pituitary
gonadotropin luteinizing hormone (LH) surge, starting the first phases of corpus luteum formation
(2).Whether or not a dominant follicle will reach ovulation depends on the frequency and amplitude of
LH pulses continually induced in the pituitary (3,4). These sequential stages of folliculogenesis
orchestrated by an extensive network of cytokines and growth factors which operate in response to the
gonadotropin and steroid milieu (4).The midcycle surge of LH begins ovulation and is characterized by
rupture of the follicular wall and the extrusion of the oocyte from ovary to the oviduct, the site of
fertilization (5,6).In addition, LH surge induces terminal growth and maturation of both the dominant
follicle, whose follicular fluid volume rapidly increases, and its oocyte resumes meiosis (4).

Upon folliculogenesis and ovulation, cytokines known as key regulators of ovarian physiology. They
participate to provide suitable environment for follicle growth and selection (7). Granulosa cells and
leukocytes can secrete numerous types of cytokines and chemokines participated in mediating ovarian
functions, such as IL-1, IL-6, IL-8, tumor necrosis factor alpha (TNFa), colony-stimulating factor (CSF),
granulocyte-macrophage (GM-CSF),and monocyte chemotactic protein-1 (MCP-1) (8).In the previous
studies, many cytokines were studied to show their effect on ovary such as IL-1 family, IL-6, IL-8, TNFa
and CSF. These studies confirmed that cytokines play a role in both follicular responsiveness to
gonadotropins being stimulated and inhibited (9).The sequential release of cytokines acts to initiate and
orchestrate inflammatory activity. In addition to controlling the ovulatory process, cytokines may also be
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involved in ovarian cell proliferation, apoptosis, folliculogenesis, luteogenesis, oogenesis, release of
hormones, response to hormonal regulators, and fertility (10). In this study, we aimed to investigate the
possible role of human recombinant interleukin-3 in folliculogenesis and ovulation in female rats.

MATERIAL AND METHODS

Animals

Forty eight Wister female rats were explored in this experiment, weighted about 150+15 g and aged
about 10 weeks. The animals were housed in the animal house according to the Ethics of the Veterinary
Medicine at AlQadisiyiah University. They were allowed to ad libilum feeding and adapted for two weeks
before the experiment. After adaptation, all animals of the experiment received superovulation protocol
which achieved according to (11). Briefly, we injected 10 international unit (1U) intra peritoneally(I/P) of
pregnant mare serum gonadotropin (PMSG) (Ovejero de, Mexico). Final maturation of oocytes performed
after 48h by injection of hCG 101U I/P ( Msd Vet Co, USA).

Experimental design

To best of our knowledge, there is no scientific dose of interleukin-3 in female rats, yet. So, we used hrIL-3
(Sigma Aldrich, UK) at three upward increased doses (15ng, 30ng, and 45ng/rat) in a pilot study after
superovulation to evaluate the role of IL-3 in folliculogenesis and ovulation. At the same time of hCG
injection, animals were divided randomly into four groups (control and three treated groups) each
grouphad 12 rats. Control group received normal saline at the same time of hCG injection. At this time, the
three treated groups including T15,T30, and T45 received 15ng, 30ng, and 45ng/rat of hrIL-31/V
respectively. The animals of these four groups had been further divided into two subgroups each
contained six female rats according to the time of killing including a and b subgroups after 12h and 36h of
hCG injection, respectively. Right ovaries were removed from all animals of the study and fixed using
neutral buffered formalin 10%. The routine histological processing and the preparation of slides was
achieved according to (12). The thickness of ovarian sections about 5 micrometers. At least five sections
from each ovary had examined under microscope.Then photomicrographs were captured respective to
each group of animals recruited in this study.

Statistical analysis

The count of ovarian follicles (primary, secondary, tertiary(Graafian)follicles, and corpora lutea) were
analyzed using two-way analysis of variance (ANOVA) with least significant difference (LSD).Two-way
analysis of variance (ANOVA) explored also to analyze the diameters of follicles, thenifdata were
significant undernon parametric Kruskal-Wallis test, they compared using Dunne’s multiple comparisons
test. Data were expressed as means * standard errors (M+ SE). Values considered statistically significant
when (p<0.05).

RESULTS

According to the statistical analysis, the count of primary follicles showed significant increase (p<0.05) in
T45a as compared to Ca, T15a and T30a. Secondary follicles count revealed significant increase (P<0.05)
in all three treated groups (T45a, T15a, and T30a), respectively compared to Ca.
Tertiary(Graafian)follicles count showed significant increase (p<0.05) in T45a group then T30a compared
to Ca. While T15a had similar tertiary follicular count to that of Ca. The count of corpora lutea revealed
significant increase (p<0.05) in all three treated groups compared to Ca. However, the higher significant
increase had seen in T45a then T30a and T15a, respectively. The count of ovarian follicles in different
stages of folliculogenesis after 12h of hCG injection was presented in (Tablel).

After 36h of hCG injection, the counts of primary and secondary follicles were lower significantly(p<0.05)
in the three treated groups (T15b, T30b, and T30b) compared to the control (Cb). Tertiary follicles count
in T45b was equal to their count in Cb, while in T15b and T30b were lower significantly (p<0.05) than Cb.
Regarding count of corpora lutea, there was no significant differences (P>0.05) between Cb and the three
treated groups (T15b, T30b, and T30b). However, the corpora luteal count in the latter groups was higher
than control, but did not reach the level of significant. The count of ovarian follicles in different stages of
folliculogenesis after 36h of hCG injection was presented in (Table 2).

The diameters of primary follicles did not show any significant differences (P>0.05) between control and
the three treated groups, both 12h and 36h (Figures1 and 2).The diameters of secondary follicles of T45a
showed significant increase (P=0.009) compared to T30a after 12h. However, there were no significant
differences with Ca and T45a (Figure 3). While after 36h, the diameters of secondary follicles of T45b
were higher significantly than Cb and T15b (P=0.011) and (P=0.049), respectively (Figure4).The results
of statistical analysis showed no significant differences(P>0.05) in the diameters of tertiary (Graafian)
follicles after 12h between Ca and the three treated groups (Figure 5). At 36h, the female rats in T45b
group had significant increase (P = 0.023) in tertiary follicles compared to Cb, but there was no significant
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differences with the other groups (Figure 6). The diameters of corporalutea of female rats of all three
treated groups did not show any significant differences(P>0.05) compared to control group both after
12h and 36h (Figure 7) and (Figure 8), respectively.

The histopathological examination of ovarian tissues in Ca group showed the presence of primary,
secondary, and tertiary (Graafian) follicles, corpora lutea, medulla and blood vessels (Figure9). In Cb rats,
the ovaries showed the same types of follicles, corpus luteum, medulla and blood vessels similar to these
seen in Ca group (Figure10).

The ovaries of T15acharacterized by presence of corpora lutea, several small antral follicles, and
congested blood vessels also evident (Figure 11).The results of histopathological evaluation of T15b
group ovaries characterized by presence of huge number of primary and secondary follicles, several
tertiary follicles, several regressing corpora lutea, and congested blood vessels in medulla (Figure12).

The histopathological examination of T30a ovaries showed presence of multiple corpora lutea, one large
tertiary follicle, many primary and secondary follicles(Figure 13). The T30b group evaluation had indicate
presence of several corpora lutea and congested blood vessels in the medulla. In this group several
morphological changes of luteal cells were evident which includes hypertrophy with abundant vacuolated
cytoplasm of the granulosa lutein cells along with hyalinization of the intercellular areas (Figurel4).
However, these changes were appeared in one section of the ovary, and the other sections were inactive
functionally.

The histopathological examination of ovaries of the T45a group showed presence of huge numbers of
corpora lutea and congested blood vessels in the medulla (Figure15). The T45b group showed multiple
numbers of follicles in different maturation stages included primary follicles, secondary follicles, tertiary
follicles, and atreticcorpora lutea, in addition to the congested blood vessels (Figure 16).

Table 1: Ovarian follicles count of the study groups (after 12h of hCG injection) shows the different
developmental stages of folliculogenesis.

Ca T15a T30a T45a
Primary follicles 4+0.57a 3+0.24a 4 +0.06a 8+0.12b
Secondary follicles 2 +0.29a 7 £0.26b 5 +0.76¢ 10 +£0.09d
Tertiary follicles 2 +0.64a 2 +0.18a 5 +0.55b 8 +0.88c
Corpora lutea 2 +0.00a 4 +0.46b 5+0.82b 14 £0.96¢c

Data presented as means* standard errors. Least significant difference (LSD) = 1.675. Different letters
refer to the significant(p<0.05) differences between groups. Study groups (after 12h of hCG injection):
Ca= control group received normal saline at the same time of hCG injection. T15a, T30a, and T45a=
treatment groups received 15, 30, and 45ng/rat of hrIL-3 at the same time o fhCG injection, respectively.

Table 2: Ovarian follicles counts of the study groups (after 36h of hCG injection) shows the different
developmental stages of folliculogenesis.

Follicles Type Cb T15b T30b T45b

Primary follicles 6 +0.33a 4+0.21b 2 +0.38¢ 2 +0.94c
Secondary follicles 10 +0.85 a 8+0.11b 2 +0.83c 7 £0.05b
Tertiary follicles 5+0.70a 3+0.42b 2 +0.65b 5+0.79a
Corpora lutea 3 +0.36a 4 +0.67a 4 +0.37a 4 +0.47a

Data presented as means* standard errors. Least significant difference (LSD) = 1.675. Different letters
refer to the significant (p<0.05) differences between groups. Study groups (after 36h of hCG injection):
Cb= control group received normal saline at the same time of hCG injection. T15b, T30b, and T45b=
treatment groups received 15, 30, and 45ng/rat of hrIL-3 at the same time of hCG injection, respectively.
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Figurel:Diameters of primary follicles (12h of hCG injection) to the control and three treatment groups
T15a, T30a, and T45a that received 15, 30, and 45ng/rat of hrlIL-3, respectively.
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Figure 2:Diameters of primary follicles (36h of hCG injection) to the control and three treatment groups
T15b, T30b, and T45b that received 15, 30, and 45ng/rat of hriIL-3, respectively.
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Figure 3: Diameters of secondary follicles (12h of hCG injection) to the control and three treatment
groups T15a, T30a, and T45a that received 15, 30, and 45ng/rat of hriL-3, respectively.
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Figure 4: Diameters of secondary follicles (36h of hCG injection) to the control and three treatment
groups T15b, T30b, and T45b that received 15, 30, and 45ng/rat of hrIL-3, respectively.
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Figure 5: Diameters of tertiary follicles (12h of hCG injection) to the control and three treatment groups
T15a, T30a, and T45a that received 15, 30, and 45ng/rat of hrlIL-3, respectively.
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Figure 6: Diameters of tertiary follicles (36h of hCG injection) to the control and three treatment groups
T15b, T30b, and T45b that received 15, 30, and 45ng/rat of hrIL-3, respectively.
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Figure 7: Diameters of corpora lutea (12h of hCG injection) to the control and three treatment groups
T15a, T30a, and T45a that received 15, 30, and 45ng/rat of hrlIL-3, respectively.
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Figure 8: Diameters of corpora lutea (36h of hCG injection) to the control and three treatment groups
T15b, T30b, and T45b that received 15, 30, and 45ng/rat of hrlL-3, respectively.
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Figure 9: A photomicrograph of ovarian tissue in Ca group of rats after 12h of hCG injection (received
normal saline). It shows primary follicle (PF), secondary follicle (SF), tertiary follicle (G), corpus luteum
(CO), medulla (ME) and blood vessels (BV). H&E stain, X100.
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Figure10:A photomicrograph of ovarian tissue of Cb rat after 36h after hCG injection(received normal
saline). It shows primary follicle (PF), secondary follicle (SF), tertiary follicle (G), corpus luteum (CO),
medulla (M) and blood vessels (BV). H&E stain, 40X.

Figure11:A photomicrograph of th ovarian tissue of T15a rat 12h after injection of 15ng of hriL-3.The
ovary characterized by presence of corpora lutea (CL), several small antral follicles (Saf), and congested
blood vessels. H&E, 40X.

Figure12:A photomicrograph of ovarian tissue of T15b rat 36h after injection of 15ng ofhrIL-3. The ovary
characterized by presence of several numbers of secondary follicles (SF), multiple tertiary follicle (TF),
congested blood vessels in medulla (BV), and corpora lutea (CL). H&E, 10X.
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Figure13:A photomicrograph of ovarian tissue of T30a rat 12hafter injection of 30ng of hrIL-3.It shows
morphological changes of luteal cells which become hypertrophied with abundant vacuolated cytoplasm
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Figure14:A photomicrograph of ovaria tissue of T30b rat 36h after injection of 30ng of hrIL-3.It shows

several corporalutea (CL) and congested blood vessels in the medulla. H&E, 40X.
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Figure15:A photomicrograph of ovarian tissue of T45a rat 12h after injection of 45ng of hrIL-3.It shows
huge numbers of corporalutea (CL) and congested blood vessels in the medulla (M). H&E, 40X.
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Figure 16:A photomicrograph of ovarian tissue of T45b rat after 36h of injection of 45ng of hriIL-3. It
shows multiple numbers of different follicular maturation stages included primary follicles (PF),
secondary follicles (SF), tertiary follicle (TF), and atreticcorporalutea (CL), and congested blood vessels
(BV). H&E, (A) 40X, (B &C) 400X.

DISCUSSION

All animals in our study had undergone superovulation protocol, ovulation expected to occur in this
protocol about 12-15h after hCG injection (11). So, we selected two times for animals killing 12h and 36h
and considered them the beginning and the end of ovulation, respectively to show the possible effects of
hrIL-3 on folliculogenesis and ovulation. The current study demonstrated that all three treatment groups
that received hrIL-3 at 12h after hCG injection had follicular count higher significantly than control in
different stages of folliculogenesis except the primary follicular stage.These results indicates that hrIL-3
at the beginning of ovulation increased maturation of follicles, so enhanced ovulation because ovulatory
process is intimately related with maturation of oocyte. Reproduction in mammals depends on the timely
ovulation of a developmentally competent mature oocyte (4, 5). When oocytes reach the final stage of
development at the antral follicle stage, they acquire competence to get cytoplasmic and nuclear
maturation. The antral follicle formed ideal microenvironment uniquely suited to the requirements of the
oocyte as it approaches ovulation (4). However, the follicular count after 36h was lower significantly in
treated groups compared to control with insignificant differences in numbers of corpora lutea.
Furthermore, the diameters of follicles from primary to the corpora lutea stage in T15a, T15b, T30a, and
T30b did not show significant differences with control. This may attributed to the high numbers of
follicles within ovarian tissue in treatment groups. According to the results of this study, female rats that
received 45ng of hriL-3 at 12h after hCG injection showed better results compared to control besides
other treated groups. For example, the significant increase in follicular count in all stages of
folliculogenesis compared to control, especially the huge count of corpora lutea which reached 14 in this
group versus 2 in control at the same time of hCG injection, taking into account that diameters of corpora
lutea in these two groups were almost equal.

Ovarian folliculogenesisis controlled by both intraovarian and endocrine mechanisms that regulate the
processes of growth of oocyte and the proliferation and differentiation of somatic cells. These interactions
and oocyte-granulosa cell structure are follicle stage-specific and controlled by FSH (13).The preantral
stages of follicular development require hormones and referred as gonadotropin-responsive to transform
follicles from preantral to the preovulatory stage. While preovulatory antral follicles will be
gonadotropin-dependent namely FSH-dependent from antral follicles to tertiary or Graafian follicle stage
(14). Pituitary gonadotropins initiated ovulation following the LH surge and mediated signaling cascades
by intrafollicular inflammatory mediators such as cytokines from the theca, mural, and cumulus
granulosa cells, as well as the oocyte leading to follicular rupture (2,5, 6, 16). The LH/FSH surge initiates a
series of events regulated breakdown of the follicular wall and extrusion of the oocyte (16). The LH surge
stimulates dramatic changes in genes transcription associated with ovulation and luteinization(17). So,
we think that hrIL-3 at a dose 45ng acts via LH and FSH to exert its positive effects on folliculogenesis and
ovulation. The positive effect of hriL-3 in increasing primary and secondary follicular count may
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attributed to the gonadotropin-responsive follicles growth in this stage. Furthermore, the increased
tertiary follicular and corpora luteal count may be due to the follicular growth in this stages of
development which referred as gonadotropin-dependent especially via FSH and LH (14). However, the
same dose (45ng of hrlL-3) did not show any significant differences in follicular count compared to
control after 36h.

The results of histopathological examination in this study revealed that ovaries from all the three treated
groups had congested and dilated blood vessels. Ovulation, a process referred as an inflammatory
response due to the typical changes that occur during a classical inflammation. One of these important
changes is vascular dilatation (2, 15). The increased blood flow results in tissue reddening during the LH
surge, leading to increase vascular permeability causing fluid accumulation and swelling (18). The
previous studies showed similar findings under the effect of other cytokines. For example, IL-1 induce
ovulation by exerting cytotoxic effect on the granulosa, in addition to the stimulation of hyperemia and
rupture of the follicle via nitric oxide (19). Angiogenesis is essential for the formation of corpus luteum
(20). In luteinizing granulosa cells undergoing ovulation, the ovulatory LH-surge increases the gene
expression of vascular endothelial growth factor (vegf) gene. The peak of gene expression of this gene
reached at 12h after hCG injection in female rats (21).However, the mechanism by which hrIL-3 acts to
increase congestion still unknown.The dilated and congested blood vessels reflects prominent changes
related to ovulation (22). Histopathological examination to the sections of ovarian tissues from 45ng was
another indication supported our hypothesis.

CONCLUSION

According to the results of our study, we can conclude that hriIL-3 in different doses (15ng, 30ng, and
45ng/rat) have positive role on folliculogenesis and ovulation. However, hrIL-3 a dose of 45ng at 12h
afterhCG injection was the most effective dose owing to its role in promoting growth and maturation of
ovarian follicles in the different stages of folliculogenesis and enhancement of ovulation may be via FSH
and LH.
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