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The purpose of current study was to evaluate the effect of follicles, corpus luteum (CL) and steroid production (progesterone 
and estradiol) on the morphology of sheep ovaries, with the view of in vitro recovery, quality, and maturation of oocytes. Fifty 
ovarian pairs grouped into right, and left, CL bearing and non-CL -bearing ovaries were used in the current study. The weight, 
length, width and thickness of ovaries were recorded. The follicles were classified into 3 groups small (>2mm), medium (2-4mm) 
and large (>4mm) follicles. Oocytes were classified according to their morphology into 3 grades COCS (Compact cumulus oocyte 
complexes), POCS (Partially invested with less than three layers of cumulus cells), DO (denuded oocyte). The concentration of 
progesterone and estradiol 17β in the follicular fluid were estimated. The dimensions of ovaries between right and left ovaries 
were not significantly different.  However, the ovarian dimensions as well as their weight was significantly (P < 0.05) affected by 
presence of CL, being higher in CL bearing ovary than that of non-CL bearing ovary. The average number of large follicles were 
significantly (P < 0.05) increased in the right ovary (1.0±0.14) when compared to the left ovary (0.6±0.10). The recovered COCs 
number was found to be significantly higher (P < 0.05) in the right than left ovaries (2.0±0.13; 1.2 ±0.09 respectively). A greater 
number of vesicular follicles and aspirated COCS were found in non-CL bearing ovary (5.0 ±0.97;1.25±0.09 respectively) than in 
CL bearing ovary (3.0±0.67;0.80±0.13 respectively). The CL-absent ovaries provide large numbers as well as high quality of COCs 
when compared to CL-present ovaries and that CL-absent ovaries can be used to collect quality COCs for in vitro production of 
sheep embryos.
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INTRODUCTION

In vitro production (IVP) of embryos is currently the central 
focus in livestock industry. For any successful IVP program 
in sheep and other livestock, artificial removal of cumulus-
oocyte complexes (COCs) from mature follicles, culturing, 
and maturing them is a primary requirement where the optimal 
rates of embryo production in vitro can be attained by selecting 
ovaries and follicles, which provide oocytes to undergo 
maturation, successful fertilization, and in vitro development 
[19, 23, 24].  Extensive research on in vitro maturation (IVM), 
in vitro fertilization (IVF) and in vitro culture (IVC) of the 
resulting zygotes in sheep and goat has been reported by [7] but 
limited information has been reported on the evaluation of sheep 
ovaries or methods for the efficient collection and grading of 
oocyte. The average number of high quality oocytes recovered 
from ovaries that can be effectively used for IVF recorded by 
[18, 26]. Oocytes recovered from large antral follicles have the 
ability to develop to the blastocysts stage compared to small 
and medium size follicles [25]. The morphology of the cumulus 
investment is commonly used as selection criteria prior to 
IVM, which greatly influence to the maturity of oocytes, COCs 
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matured in vitro and subsequent studies, further confirmed 
the observation, Denuded oocyte with few cumulus cells are 
usually rejected because of their low capacity of fertilization 
and or in vitro development [24, 25]. Various factors such as 
follicle size; follicular fluid or cells; hormones, serum, growth 
factors or vitamins in the IVM medium, age of the donor goat 
and the culture conditions are involved for successful IVM of 
goat oocytes reported by [24].

The morphology of sheep ovaries in relation to follicular 
growth, corpus luteum, with the view of in vitro recovery, 
quality, and maturation of oocytes still need more investigation 
where the Quantitative aspects of follicular growth have been 
studied in sheep by [20] and in bovine [30], whatever the in 
vitro embryo-production procedures developed for sheep have 
been improved significantly, but many factors influencing their 
efficiency still need to be investigated. 
The present research work has been undertaken for collection 
and evaluation of slaughterhouse ovaries, follicles and follicular 
fluid to evaluate the effect of follicles, corpus luteum (CL) 
and steroid production (progesterone and estradiol) on the 
morphology of sheep ovaries.
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MATERIAL AND METHODS

Collection of Ovaries
One hundred ovaries from sheep aged 2-3 years with 

unknown reproductive histories were obtained from abattoir 
during January and March 2011. The ovaries were then kept in 
a thermos containing 0.9% physiological saline containing 100 
IU/ml penicillin-G sodium and 100mg/ml streptomycin sulfate 
in a thermo flask at 37 °C and were transported to the laboratory 
within 2 to 3 hrs of slaughter.

Processing of Ovaries
The ovaries were then recorded as right and left. The presence 

or absence of corpora lutea (CL) was recorded. Upon arrival at 
the laboratory the ovaries were washed three times in phosphate 
buffer saline prepared according to [14] supplemented with 
the above-mentioned antibiotic. After trimming, individually 
right, left, CL bearing and non-bearing ovaries were weighed 
(gm). The length, width and thickness in cm of the right, left, 
CL bearing and non-bearing ovaries were measured with a 
measuring scale, the ovaries were collected and weighed and 
the values recorded (Fig.1)  . The morphometric dimensions 
of the ovary were recorded by using a measuring tape and 
Vernier calliper. The length of each ovary was determined as 
the maximal distance from pole to pole along an axis parallel to 
the ovarian mesenterial attachment. The width was determined 
as the furthest distance along an axis vertical to the longitudinal 
axis. While the thickness was taken as the greatest distance 
along, an axis at right angles to the two axes [3, 6]. All antral 
follicles for each ovary were counted and classified according 
to their diameter into small (>2mm), medium (2-4mm) and 
large follicles (>4mm).

Oocyte Recovery and Classification
Follicular oocytes 2-5mm in diameter were aspirated 

from the surface of ovary with an 18-gauge needle fixed on 
a disposable syringe filled with 1ml of the aspiration solution 
used modified phosphate buffer (M-PBS) enriched with sodium 
pyruvate (0.036g/ml). The media used for aspiration of follicular 
oocytes enriched with 3% heat inactivated fetal calf serum 
(FCS, Sigma, USA) and contained the same previous mentioned 
antibiotic. Oocytes was collected using a stereomicroscope, and 
were washed twice in the previous media. The average number 
of oocyte per ovary was recorded and evaluated according to 
their morphological shape [12, 23, 24] into: 
1. COCS (Compact cumulus oocyte complexes) with 
homogenous evenly granulated cytoplasm possessing at least 
three layers of cumulus cells (Fig.2/A ).
2. POCS (Partially invested with less than three layers of 
cumulus cells) (Fig.2/B ).
3. DO (Denuded oocyte) without cumulus cells (Fig.2/C ).

Hormonal Assay
Follicular fluid of small, medium and large follicles of 

right and left ovaries with or without CL were aspirated 
using 1ml insulin syringe. The follicular fluid was pooled and 
stored frozen at -20°C until subsequent assay for progesterone 
and estradiol 17β. The concentration of progesterone and 
estradiol 17β in follicular fluid were assayed in duplicate 
using radioimmunoassay. Prior to analysis, the samples of 
follicular fluid were thawed and centrifuged at 1200 g. for 

30 minutes at 4°C to remove the debris and follicular cells. 
Progesterone concentrations were measured in follicular fluid 
according to [11]. The intra and inter assay coefficients of 
variation, calculated by method described by [10] were found 
to be 7.5% and 8% respectively. The sensitivity of assay was 
0.11ng/ml for the quantitation of estradiol 17β a commercial 
radioimmunoassay kit (Baxter Merz plus Dade AG, CH 3186 
Duedingen). The intra and inter assay coefficients of variation 
were found to be 10.2% and 11.5% respectively. The sensitivity 
of the assay was 0.50ng/ml.

Statistical Analysis
All value were expressed as mean ± SE. the data were 

analyzed using general linear model of [27], while the difference 
between means was detected by ANOVA and Duncan’s Multiple 
Range Test.

Fig.1. The morphology of the ovary, A. Non CL ovaries (Stars (*) in-
dicate follicles, (*) small follicle, (**) medium follicle, (***) large fol-
licle). B. CL ovaries (Stars (*) indicate corpus luteum

Fig.2. Different categories of a freshly collected immature sheep oocyte 
(X-100), A. COCS (Compact cumulus oocyte complexes), B. POCS 
(Partially invested with less than three layers of cumulus cells), C. DO 
(denuded oocyte).
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Table.3. Follicular development in right and left ovary (Mean± 
SEM).

Parameters Right  ovary Left  ovary

Total  number of follicles 5.0±0.87a

(250)
4.8±0.92a

(240)

Small follicle 3.0±0.80a

(150)
3.1±0.88a

(155)

Medium follicle 1.0±0.24a

(50)
1.1±0.22a

(55)

Large follicle 1.0±0.14a

(50)
0.6±0.10b

(30)

Within the same row with different superscripts (a, b) are different 
(p<0.05).
Figures in parenthesis indicate the total number of ovaries.

RESULTS

Morphometry of Ovaries in Relation to Corpus luteum 
& Follicles 

Data presented in Table 1 showed that the mean weight, 
length, width and thickness were not significant differed in 
right ovaries (1.34±0.17 gm, 1.02±0.12 cm, 0.73±0.07 cm, 
and 0.54±0.05 cm, respectively) compared to that of left 
ovaries (1.27±0.13 gm, 0.97±0.13 cm, 0.71±0.06 cm, and 
0.52±0.06 cm, respectively). CL presence was exhibited in 30 
ewes (60.0%) from 100 ovaries of 50 slaughtered ewes were 
examined, 16 ewes had an active right bearing CL and inactive 
left ovary (53.3%), 14 ewes had an inactive and active left ovary 
(46.6%), and 20 ewes (40.0%) had inactive ovary (no CL). The 
ovarian weight recorded was significantly (P < 0.05) affected by 
presence of CL, where the CL bearing ovaries (1.40±0.19 gm) 
were heavier than that of non-CL bearing ovaries (0.77±0.06 
gm) (Table 2). Similar trends were observed in length, width 
and thickness being higher in CL bearing ovary (1.14±0.09 cm, 
0.82±0.07 cm, 0.84±0.05 cm, respectively) than that of non-
CL bearing ovary (0.75±0.05 cm, 0.66±0.06 cm and 0.60±0.06 
cm, respectively) as shown in Table 2. The number of follicles 
visible on the surface in relation to the CL bearing right and 
left ovaries was counted as shown in Table 3. There were 490 
follicles recorded on the surface of the ovaries (250 follicles of 
mean 5.0±0.87 were found on the right ovary and 240 follicles 

Table.4. Follicular development in CL and non-CL bearing 
ovary (Mean±SEM).

Parameters CL bearing 
ovary

Non-CL bearing 
ovary

Total  number of 
follicles

3.0±0.67a

(180)
5.0±0.97b

(200)

Small follicle 1.60 ±0.97a

(100)
1.75±0.68a

(70)

Medium follicle 0.83±0.18a

(50)
1.75±0.22b

(70)

Large follicle 0.83±0.27a

(50)
1.50±0.36b

(60)

Within the same row with different superscripts (a, b) are different 
(p<0.05).
Figures in parenthesis indicate the total number of ovaries.

Table.1. Comparative dimensions of right and left ovary 
(Mean± SEM).

Parameters Right  ovary
(50)

Left  ovary
(50)

Weight(gm) 1.34±0.17a 1.27±0.13a

Length(cm) 1.02±0.12a 0.97±0.13a

Width(cm) 0.73±0.07a 0.71±0.06a

Thickness (cm) 0.54±0.05a 0.52±0.06a

Within the same row with different superscripts (a, b) are different 
(p<0.05).
Figures in parenthesis indicate the total number of ovaries.

Table.2. Comparative dimensions of CL or non-CL bearing 
right and left ovary (Mean± SEM).

Parameters 
      CL bearing 

ovary
(60)

  Non CL bearing 
ovary
(40)

Weight(gm) 1.40±0.19a 0.77±0.06b

Length(cm) 1.14 ±0.05a 0.75±0.09b

Width(cm) 0.82±0.07a 0.66±0.06b

Thickness (cm) 0.84±0.05a 0.60±0.06b

Within the same row with different superscripts (a, b) are different 
(p<0.05).
Figures in parenthesis indicate the total number of ovaries.

Table.5. Effect of site of sheep ovary on the mean number of 
recovered oocyte and their quality per follicles (Mean± SEM).

Parameters Right  ovary Left  ovary

Number of aspirated 
follicles /ovary

4.0±0.87a

(100)
4.8±0.92a

(120)

Total number of oocytes 350 300

COCS  2.0±0.13a

(200)
1.2±0.09b

(150)

POCS 1.0±0.27a

(100)
1.0±0.26a

(120)

DO   0.50±0.01a

(50)
0.25±0.00a

(30)

Within the same row with different superscripts (a, b) are different 
(p<0.05).
Figures in parenthesis indicate the total number of oocytes.
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Table.6. Effect of presence or absence of CL on the mean 
number of recovered oocyte and their quality per follicles 
(Mean± SEM).

Parameters CL bearing 
ovary

Non CL bearing 
ovary

Number of aspirated 
follicles / ovary

2.50±0.51a

(150)
4.0±0.44b

(160)

Total number of oocytes 250 350

COCS 0.80±0.13a

(100)
1.25 ±0.09b

(200)

POCS 0.80±0.27a

(100)
0.62±0.26b

(100)

DO 0.33±0.01a

(50)
0.31±0.00a

(50)

Within the same row with different superscripts (a, b) are different 
(p<0.05).
Figures in parenthesis indicate the total number of oocytes.

Table.7. Effect of presence or absence of CL on recovered 
follicular oocyte and steroid production (Mean± SEM).

Ovary Progesterone Estradiol

CL bearing ovary 27.75±2.3a 8.43±1.4a

Non CL bearing ovary 12.33±1.5b 22.10±3.3b

Within the same column with different superscripts (a, b) are different 
(p<0.05).

of mean 4.8±0.92 were found on the left ovaries). The mean 
numbers of small and medium sized follicles were equivalent 
without a significant difference in right and left ovary. However, 
the average number of large follicles were significantly (P < 
0.05) increased in the right ovary (1.0±0.14) than that in the left 
ovary (0.6±0.10). Non-CL bearing ovaries had a significantly 
higher number of total follicles (5.0 ±0.97, P < 0.05) than 
those of CL bearing ovaries (3.0±0.67). A significantly (P < 
0.05) higher number of follicles were medium and large sized 
follicles in the non-CL bearing ovaries (1.75±0.22; 1.5±0.36, 
respectively) as compared to CL bearing ovaries (0.83±0.18; 
0.83±0.27 respectively) as shown in Table 4. The mean numbers 
of aspirated follicles were similar in right ovary (4.0±0.87) and 
left ovary (4.8±0.92). The collected COCs number was found 
to be significantly higher (P < 0.05) in right ovaries (2.0±0.13) 
than that in left ovaries (1.2 ±0.09). However, the mean numbers 
of POCS and DO were equivalent between right (1.0±0.27, 
0.50±0.01, respectively) and left ovaries (1.0±0.26, 0.25±0.00, 
respectively) as shown in Table 5. A significantly higher number 
of aspirated follicles were found in non-CL bearing ovaries 
(4.0±0.44 follicles per ovary) than those observed in CL bearing 
ovary (2.5±0.51 follicles per ovary). On average the number 
of COCs recovered the non-CL bearing ovary was 1.25±0.09 
where that of CL bearing ovary was 0.80±0.13. Oocytes with 
few dispersed layers of cumulus (POC) were recovered with 
mean of 0.80±0.27 of CL bearing ovaries and 0.62±0.26 in non-
CL bearing ovaries as shown in Table 6.

Hormonal Assay
Table 7 represents the concentrations of progesterone and 

estradiol 17β of follicular fluid of CL bearing ovaries and in 
non-CL bearing ovaries. The progesterone concentration of 
follicular fluid was significantly different (P < 0.01) in CL 
and non-CL bearing ovaries (27.75±2.3ng/ml; 12.33±1.5ng/
ml respectively). Non-CL bearing ovaries had significantly (P 
< 0.01) higher concentration of estradiol 17β than those found 
in CL bearing ovaries (22.10±3. 3 pg/ml; 12.33±1.5pg/ml, 
respectively). 

DISCUSSION

The mean weight, length and width of ovaries in the present 
study were found similar in both right and left ovaries similar 
finding was obtained by [20] in sheep and goat. In the present 
study, CL presence was more pronounced in the right ovary 
(53.3%) than that in the left ovary (40%) that indicates the 
right ovaries are more active than the left ones these findings 
were in the same line with [4, 28] Statistical analysis of the 
present results revealed that the length, width and thickness 
of CL bearing ovaries were significantly (P<0.05) higher than 
those of non-CL bearing ovaries this is in agreement with 
that recorded by [16]. The mean number of follicles was the 
same in the right and left ovaries (5.0±0.87 and 4.4±0.92, 
respectively). However, the average number of large follicles 
were significantly (P<0.05) increased in right ovary (1.0±0.14) 
than that in left ovary (0.6±0.10) this is attributed to that the 
right ovary is more active than left one  similar finding reported 
by [4, 28]. The number of COCs per ovary obtained in this 
study was 2.0±0.13 to right ovary and 1.2±0.09 to left ovary 
these findings were similar to that recorded by [9] in sheep but 
different than that recorded by [21, 32] whose stated that the 
average number of COCs were found to be lower than the 4.00 
oocytes per ovary. The current work indicated that the ovary 
without corpus luteum had higher follicular activity than that 
bearing corpus luteum (5.0±0.97vs. 3.0±0.67 follicles per ovary 
respectively) as reported in cattle [22], camel [13] and buffalo 
[5]. The presence of CL on ovaries in the present study explain 
the role of progesterone on sheep follicular growth and recovery 
of oocytes as indicated by higher level of progesterone in CL 
bearing ovaries (27.75±2.3 ng/ml) than those in no CL ovary 
(12.33±1.5ng/ml) in follicular fluid similar to reported that 
[15]. The presence of CL on the ovaries decreased the number 
of oocytes per ovary in goats and cows [2], which might be the 
result of a major portion of the ovary being occupied by the 
lutein cells [8,17]. Furthermore, [1] showed that total number 
of oocytes recovered from ovaries without CL (9.1/ovary) was 
higher (P<0.01) than those with CL (6.8/ovary). However in 
bovine, oocyte yield per ovary was higher (P<0.01) for ovaries 
with than without CL [31]. In addition, [29] observed similar 
number of buffalo oocytes on ovaries with or without CL. 

CONCLUSIONS

It can be concluded that the ovaries without CL comprise 
higher number as well as superior quality of COCs than those 
obtained from ovaries bearing CL. So the ovaries without CL 
can be used to collect good quality of COCs in view of in vitro 
production of sheep embryos (IVP).
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