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ABSTRACT

Background: Oocyte and follicular fluid recovery and evaluation are a crucial step in assisted reproductive technologies. The aims of
the current study were to evaluate the ovarian tissues and their resulting oocytes and follicular fluid of Awassi female lambs and ewes
in subtropics of Saudi Arabia.

Methods: Thirty reproductive systems of female lambs in addition to forty reproductive systems of ewes of follicular and luteal phases
were collected. The ovarian tissues were evaluated through ovarian follicle numbers, oocytes recovery in addition to determination of
follicular fluid (FF) metabolites. The ovarian follicles were categorized into small (< 3 mm), medium (3-5 mm) and large follicles (>5
mm). The medium and large ovarian follicles were aspirated for FF collection and oocytes recovery. The FF concentrations of total
protein (g/dl), urea (mg/dl), glucose (mg/dl), total cholesterol (mg/dl) and triglycerides (mg/dl) were determined.

Result: The weight of reproductive system and ovary were increased of ewes compared to female lambs. The number of small
follicles was not differed among groups whereas the numbers of medium and large follicles increase in ewes groups. The highest
number of medium follicles was found in ewes of follicular phase compared to other groups. Although the percentage of oocyte
recovery increased in ewes compared to female lambs, the oocytes quality was not differed among groups. The total protein values
were high (P<0.05) in FF of ewes compared to that of female lambs. On the other, the values of urea and triglycerides were low
(P<0.05) in FF of ewes compared to FF of female lambs. Moreover, the values of total protein, urea and triglycerides were comparable
in FF of ewes during follicular or luteal phase. Additionally, there is slight increase of glucose and slight decrease of total cholesterol
values in FF of ewes compared to FF of female lambs. In conclusion, follicles of ovarian tissues, oocyte recovery and quality and
follicular fluid biochemistry of female lambs and ewes showed differences. The recovered oocytes and FF are available for assisted
reproductive techniques.
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INTRODUCTION
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Small ruminants, including sheep and goats, comprise over
90% of the total livestock population in the Kingdom of
Saudi Arabia. According to estimates from the Ministry of
Environment, Water and Agriculture in 2021, there were
approximately 17.5 million sheep and 6.1 million goats in
KSA. In general, the central and northern regions of Saudi
Arabia, including the regions around Riyadh and Hail, are
known for their significant livestock populations.
Additionally, regions with agricultural activity, such as the
Al-Qassim and Eastern provinces, also have notable
livestock populations (FAO, 2021). The population of small
ruminants is not covered the requirements of KSA from
milk and protein (GAS, 2021).

The ovaries are organs in the females produced follicles
during the reproductive cycles in ruminants (Cerri et al.,
2009; Senosy et al., 2017). The ovary contains several
hundred of growing follicles (Gordon, 2003). Visible vesicular
follicles at different stages of oestrous cycle was recorded
and the number of follicles did not differ between the right
and left ovaries (Kaulfuss et al., 1994). Sheep are produced
one or more oocytes per oestous cycle (Walker et al., 2023).
The first oestrus cycle is at the age of 7-9 months in sheep
with milk teeth.
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Cumulus-enclosed germinal vesicle oocytes can be
aspirated from ovarian follicles (Gordon, 2003, Mohammed
et al., 2005). They can be used for in vitro embryo production
through oocyte maturation, fertilization and culture
(Stamperna et al., 2020; Ryu et al., 2023). Furthermore, the
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follicular fluid aspirated along with oocytes can be used for
oocyte maturation and affect positively further embryo
development (Mohammed et al., 2005; Contreras-Solis et
al., 2021). Oocytes and follicular fluid (FF) availability are
essential for development of assisted reproductive
techniques (ARTSs), which supports reproductive medicine
outcomes (Fiscus et al., 2023; Niribili et al., 2023). Therefore,
the biochemistry of aspirated follicular fluid was explored
(Mohammed 2011; Mohammed et al., 2011, 2012, 2019a,b).
Therefore, the aims of the current study were to explore the
reproductive status of slaughtered female lambs and ewes
for collection and evaluation of oocytes quality and follicular
fluid biochemistry.

MATERIALS AND METHODS
Site of study and management

The current study was carried out in Al-Ahsaa according to
procedure approved by the Ethics Committee of Animal
Experimentation of King Faisal University, Saudi Arabi from
June to December 2023.

Reproductive system collection and evaluation

The slaughtered animals were categorized according their
teeth into lambs (milk teeth) and ewes (2-8 permanent
incisors). The collected reproductive systems of the
slaughtered animals were transported to the laboratory
within 1-2 hours at 30-33°C in thermos. The reproductive
systems of adult animals were distributed according to the
oestrous cycle stage into follicular or luteal phase. Weights
(g) of reproductive system and its ovaries were recorded
per animal. The numbers of visible antral follicles/animal
were counted in addition to aspiration of medium and large
follicles using 18-gauge needle and a syringe. The oocytes
were collected under stereomicroscope and were classified
into grade (I) oocytes completely surrounded with cumulus-
cell layers, grade (ll) oocytes surrounded scantly with
cumulus-cell layers and grade (Ill) denuded oocytes (Ganguli
et al., 1998).

Follicular fluid collection and analysis

Aspirated follicular fluid samples were centrifuged for 15
min. at 2000 r.p.m. Follicular fluid samples were stored at
-20°C until further analysis. Follicular fluid samples were
analyzed for total protein, urea nitrogen using commercial
kits (Diamond Diagnostic). Follicular fluid concentrations of
glucose, total cholesterol and triglycerides were determined
spectrophotometrically using commercial kits (Vitro Scient;
Biochemica und Diagnostica mbH, Germany). The assay
procedures were done according to the manufacturer’s
instructions.

Statistical analysis

The data was presented as mean + SEM according to
general linear model (GLM) of SAS program (2008).
Differences between lambs and ewes were evaluated in
reproductive system characters, follicular fluid biochemistry

by one-way ANOVA. Duncan’s multiple range tests was used
to compare the effect of groups. Level of significance was
set at P < 0.05. Statistical model as follow:
Yij=u + Ti + Ejj
Where,
Yij= The experimental observation ij.
WU = The overall mean.
Ti = The effect due to groups i.
Eij = the experimental error.

RESULTS AND DISCUSSION

Characters of reproductive system, ovarian follicle and
the resulting oocytes

Weights of reproductive systems and ovaries were increased
in ewes compared to lambs. Weights (g) of ovaries were
higher in the luteal phase (P<0.05) than the follicular phase
of ewes. The numbers of small follicles were higher (P<0.05)
in lambs compared to ewes. Furthermore, the numbers of
medium follicles were higher (P<0.05) in pubertal sheep
during follicular phase compared to other groups. Besides,
the numbers of large follicles were higher (P<0.05) in ewes
compared to female lambs. The quality of oocytes was better of
the luteal phase compared with the follicular phase (Table 1).
The percentage (%) of recovered oocytes of aspirated
follicles was higher in ewes compared to lambs. Oocytes of
grade | and Il were comparable among groups whereas
oocytes of grade Ill were higher in pubertal sheep (Fig 1).

Follicular fluid biochemistry

The concentrations of total protein (g/dl), urea (mg/dl),
glucose (mg/dl), total cholesterol (mg/dl) and triglycerides
(mg/dl) are presented in Table (2). The total protein values
were high (P<0.05) in FF of ewes compared to that of female
lambs versus urea values. The values of glucose were high
(P>0.05) in FF of ewes compared to FF of female lambs.
Additionally, the values of total cholesterol and triglycerides
were low in FF of ewes compared to FF of female lambs.
Finally, the values of determined metabolites were
comparable in FF of follicular or luteal phase FF of ewes.

The results of the present study demonstrate the weight
of reproductive system and ovary, ovarian follicle numbers
in relation to sizes, oocyte recovery, oocyte quality, in addition
to follicular fluid biochemistry (Fig 1 and Table 1-2). The
weights (g) of reproductive system and ovary were increased
in ewes compared to female lambs due to simultaneous
increase of body weight and presence of corpora lutea
(Mohammed et al., 2012; Mohammed and Kassab 2015).
Corpora lutea weight on days 14 was 4.7 g, which represents
about 30.1% of the ovarian weight (Fields and Fields, 1996;
Osman and Shehata, 2005).

The number of small follicles was not differed among
groups whereas the number of medium and large follicles
were increased in ewes groups, which might be due to the
changes of FSH and LH hormonal values (Gordon 2003;
Morton et al., 2023). The highest number of medium follicles
was found in follicular phase of ewes group compared to
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luteal phase or female lamb groups. This might be attributed
to follicular wave emergence, which is primarily controlled
by follicle-stimulating hormone during estrous cycle
(Bartlewski et al., 2011). In addition, the number of antral
follicles is highly variable among animals (Murasawa et al.,
2005). The number of antral follicles in heifers and beef cows
is influenced by birth weight and age but not by stage of the
estrous cycle (Cushman et al., 2009). Although the
percentage of oocyte recovery increased in ewes compared
to female lambs, the oocytes quality was not differed among
groups (Table 1). The higher follicle sizes in ewes than
female lambs, the higher pressure inside the follicle resulting
in improvement of oocyte recovery and quality (Sarwar
et al., 2020).

Follicular fluid plays pivotal roles in follicle growth and
development, maturation of oocytes and development of
preimplantation embryos (Lopes et al., 2019; Azari-
Dolatabad et al., 2021; Gabrys et al., 2022). The values of
FF metabolites of female lambs and ewes (total protein, urea,
glucose, total cholesterol and triglycerides) are presented
in Table (2). Follicular fluid is liquid surrounding the
developing oocyte within the ovary. It is originated from blood
plasma components and the secretory activity of the oocyte

and the surrounding cells (Mohammed et al., 2005;
Hashemitabar et al., 2014; Aljubran et al., 2023). Certain
biochemical constituents of follicular fluid changes with the
follicle growth and maturation to influence various processes
(Deka et al., 2014).

The total protein values were high (P<0.05) in FF of
ewes compared to FF of lambs due to the high follicle size
or follicular wave (Table 1) (Aller et al., 2013). The values of
urea in FF were significantly low of ewes compared to female
lambs. This finding is in agreement of other studies
(Mohammed et al., 2019a,b). This might be attributed to
differences in follicle sizes among groups (Table 1). Studies
of Leroy et al. (2004) and Mohammed et al. (2011) indicated
that urea concentration decreased from small to large
follicles in dairy cows and sheep, respectively.

The values of glucose were slightly high (P>0.05) in FF
of ewes compared to FF of female lambs, which might
attributed to larger follicle diameter in ewes compared to
female lambs (Tabatabaei and Mamoei, 2010; Tabatabaei
et al., 2010). Glucose plays a pivotal role in ovarian tissue
metabolism because it is the major energy source for the
ovarian tissues. There is a possibility that glucose
metabolism is less intensive in the large follicles compared

e

Fig 1: Grades of aspirated oocytes; (A) cumulus-enclosed grade | oocyte, (B) partially cumulus-enclosed grade Il oocyte, (C)

denuded grade Il oocyte.

Table 1: Reproductive systems, ovarian follicles and the resulting grade oocytes of lambs and ewes.

Item Female lambs

Ewes

Stage of oestrous cycle Follicular phase

Follicular phase

Luteal phase

No. of reproductive systems 30 20
Reproductive system weight, g 13.80°+2.21 24.18%+2.35
Ovaries weight 0.46°+00.12 0.62°+0.11
No. of follicles 10.50+1.37 12.5+1.83
Small follicles, < 3 mm 6.30+0.87 6.4+1.83
Medium follicles, 3-5 mm 3.00°+0.55 3.82+0.83
Large follicles, > 5 mm 1.20°+0.55 2.32+0.63
No. of aspirated follicles 126 122
No. of recovered oocytes, % 57 (45.2%) 72 (59.0%)
No. of Grade |, % 37 (64.9%) 46 (63.9%)
No. of Grade Il, % 18 (31.6) 21(29.2%)
No. of Grade IlIl, % 2 (3.5%) 5 (6.9%)

20
23.85%2.24
1.352+0.31
10.30+1.29
5.60+1.24
2.80°+0.65
1.90°+0.53
94
54 (57.4%)
34 (63.0%)
17 (31.5%)
3 (5.5%)

ab: Values in the same row with different superscripts differ significantly (P<0.05).
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Table 2: Follicular fluid biochemistry of lambs and ewes.

Item Female lambs

Ewes

Stage of oestrous cycle Follicular phase

Follicular phase Luteal phase

Total protein, g/dl 4.61°+0.24
Urea, mg/dl 21.05%+1.43
Glucose, mg/dl 33.65+1.39
Total cholesterol, mg/dl 30.67+0.31
Triglycerides, mg/dl 32.02+0.94

5.32+0.25 5.22+0.25

18.2°+0.56 17.75°+0.11
34.6+0.51 35.65+0.44
28.0+0.47 29.67+0.78
29.0°+0.75 28.0°+0.94

2 b Values in the same row with different superscripts differ significantly (P<0.05).

to the small follicles in addition to increase permeability
of the follicle-blood barrier during follicular growth (Leroy
et al., 2004).

Finally, the values of total cholesterol (P>0.05) and
triglycerides (P<0.05) were low in FF of ewes compared to
FF of female lambs, which consistent with earlier studies
(Thangavel and Nayeem 2004; Tabatabaei and Mamoei
2010; Tabatabaei et al., 2010). The decreased cholesterol
value in large follicle might be attributed to the conversion
of cholesterol to estrogen and progesterone hormones.
Additionally, the significant increase of triglycerides in
smaller follicle because they might be the alternate sources
of energy for follicle cells in addition to triglycerides did not
pass through the follicular membrane (Harlow et al., 1987;
Grummer et al., 1988).

The continuous needs of oocyte and FF are required
for in vitro embryo production concerning development of
oocyte maturation, fertilization and culture (Mohammed
et al., 2005; 2019a,b; Al Zeidi et al., 2022a,b; AlJubran
et al., 2023; Mohammed et al., 2024a,b). It has been found
that follicular fluid obtained from large follicles or after LH
surge and supplemented to maturation medium (20-50%)
were found to increase oocyte maturation and embryo
development (Mohammed et al., 2005; Spacek and
Carnevale, 2018). Furthermore, supernatant from cultured
cumulus-granulosa cells and follicular fluid were found to
improve in vitro maturation in patients with polycystic ovarian
syndrome (POS) (Madkour et al., 2018).

CONCLUSION

The evaluation of ovarian tissues, oocytes recovery and
follicular fluid indicated the availability of cumulus-enclosed
germinal vesicle oocytes and follicular fluid. The knowledge
of the follicular fluid biochemical composition can provide
useful information about the requirements of oocyte
maturation for formulating suitable maturation media in
lambs and ewes. Further studies are required for
investigating oocyte quality, follicular fluid biochemistry and
gene expression simultaneously and their relation with
further embryo development.
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