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ABSTRACT 
This study was conducted on Damascus does to in situ characterise the 

ovaries, ovarian follicles and corpora lutea during different reproductive 
stages, to examine the ovarian response to the hormonal treatments and to 
assess the stress to animals using a laparoscope; progesterone and cortisol 
concentrations. Does were subjected to four treatments: (1) outside the 
breeding season without any treatment (O + UT group), (2) inside the 
breeding season without any treatment (I + UT group), (3) inside the 
breeding season treated with FGA sponges (I + FGA group), and (4) inside 
the breeding season treated with both sponges and equine chorionic 
gonadotropin (eCG) (I + FGA + eCG group). Significant differences (P<0.05) 
were reported in the diameters of the ovaries between does in the O + UT 
and other groups with no significant differences (P>0.05) in the diameters 
between right and left ovaries within the same group. Follicles measuring 1 
to 3 mm and 3 to 5 mm were the least in number, and there were no 
follicles larger than 5 mm in the ovaries of does in the O + UT group. No 
corpora lutea (CL) were found in the O + UT group, consequently 
progesterone concentrations were very low. Functional CL were formed in 
the does in the I + UT, I + FGA and I + FGA + eCG groups. The latter 
treatment produced significantly (P<0.05) higher numbers of CL and serum 
progesterone concentration. Mean serum cortisol concentration was 54.10, 
96.12 and 81.82 nmol L-1 in the barn prior to movement to the 
measurement place, at the measurement place prior, and after laparoscope 
measurements, with the difference being significant (p<0.05) between does 
in the barn and prior to the measurement, and between does in the barn 
and post measurement. The difference in serum cortisol concentration was 
not significant (P > 0.05) between does prior and post laparoscope 
measurements. Despite the elevation in cortisol concentration during the 
different conditions, it showed a decline with time. No signs of adhesion 
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formation were observed among does in the studied organs following 
repeated laparoscopic observations, and none of the does suffered 
complications or died during the course of examinations.  

Keywords: corpora lutea, cortisol, laparoscopy, ovaries, progesterone, 
reproduction. 
 
 

INTRODUCTION 
In goat reproduction, laparoscopy is considered as an accurate method 

for monitoring the follicular dynamics and determination of ovulation rates 
(Cueto et al., 2006), ovum pick-up (Souza-Fabjan et al., 2014), oocyte 
recovery from endangered goats (Souza-Fabjan et al., 2013) and extending 
the reproductive life of valuable females acquiring difficulties becoming 
pregnant by AI (Baldassarre et al. 2007). Laparoscopy has several 
advantages over alternate methods of understanding anatomy, physiology 
and pathology of most of the intraperitoneal pelvic structures (Fazili et al., 
2015). Since laparoscopy is an effective and safe technique (Zhang et al., 
2009), it has been also widely used in animal disease diagnosis (Webb and 
Trott, 2008) and treatment (Eesa, 2010), in biopsy of certain organs 
(Chiesa et al., 2009), in ovariohysterectomy (Karadjole et al., 2012) and in 
artificial insemination (Conforti et al., 2013).  

Goats are important animals in many countries and play a vital role in 
the socio-economic structure of rural poor (Pal et al., 2011). In west Asia 
including Syria, they are raised in dry regions with prolonged drought, 
extreme climate fluctuation and water scarcity (Iñiguez, 2004). 

The Damascus (Shami) goats are native to Syria and were introduced 
into several countries such as Turkey (Kesk et al., 2004), Egypt (Alsheikh, 
2013) and Kuwait (Mohammed et al., 2016) and have been crossed with 
native goat breeds. They are very popular small ruminants and due to the 
beauty of their individuals and the quality and quantity of milk production, 
these animals are very expensive compared with other breeds of goats. In 
Syria, mating of Damascus goats occurs in late August through to early 
November, and certain reproductive parameters in Damascus does have 
been studied such as oestrous cycle (Zarkawi and Soukouti, 2001), 
duration of pregnancy (Zarkawi and Al-Masri, 2002), early pregnancy 
diagnosis and monitoring corpora lutea (Zarkawi et al., 2003) and the 
response to some veterinary agents (Zarkawi, 2007). Since there is no 
information in the literature concerning the assessment of the ovaries and 
ovarian follicles in Damascus does. the aims of the present study were to in 
situ characterize the ovaries, ovarian follicles and corpora lutea in 
Damascus does during different reproductive stages, to examine the 
ovarian response to the hormonal treatments, and to assess the stress at 
different physiological conditions. 
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MATERIAL AND METHODS 
Location, experimental animals and hormonal treatments 
This study was carried out at the Animal Production Division (APD) in 

Deir Al-Hajar area, about 33 km south-east of Damascus. This area is 
located within the arid region with an annual rainfall of about 120 mm. 

Seven intact Damascus does, aged 2 to 4 years and weighing (mean  
SD) 39.9  4.9 kg were used four times, once outside (March) and three 
times inside (October x 2 and December) the breeding season. Outside the 
breeding season, does received no treatment (O + UT group). Inside the 
breeding season, they were either untreated (I + UT group), treated for 
oestrus synchronisation with intravaginal sponges containing 40 mg of 
flugestone acetate (FGA, Chronogest®, Intervet International B.V., The 
Netherlands) for 17 days (I + FGA group) or treated with FGA for 17 days 
and injected intramuscularly at sponge withdrawal with 500 IU of equine 
chorionic gonadotropin (eCG, Folligon, Intervet International B.V., The 
Netherlands) (I + FGA + eCG group). 

 
Animal housing, feeding and hygiene 
When there were no measurements, does were kept indoors at night 

and outside for most of the day. Indoors, the animals were offered diets 
based on barley and wheat straw supplemented by vitamins (High Vet, 
Safco Vet Products, Damascus). Outside, they had free access to natural 
available grazing lands (barley, grass, cotton residues). Water and mineral 
licks were available ad libitum. In addition, all animals received preventive 
vaccinations according to the programme adopted at the APD. 

 
Laparoscopic measurements and preparation of does prior to 

laparoscopy 
The laparoscope used (Karl STORZ, Tutlingen, Germany) consisted of a 

7 mm telescope, a light source, a glass fibre cable for the light source, 7 and 
5 mm trochars, cannulas and grasping forceps. In addition, an air foot 
pump connected to a filter and a cradle with variable heights and operating 
angles were also used. 

Does in all groups were laparoscopically examined three times a week 
for a period of 22 days to cover an oestrous cycle, as the length in the 
oestrous cycle of Damascus does was estimated to be around 21 days 
(Zarkawi and Soukouti 2001). Laparoscopic measurements were 
performed about 24 h after sponge removal for FGA-treated does (I + FGA 
and I + FGA + eCG groups).  

Prior to laparoscopy, does were fasted for about 17 h. On the day of the 
measurement, does were sedated with 0.01 mL/kg body weight of xylazine 
2% (XYLA JECT, ADWIA, Egypt) administered intramuscularly and 
restrained in a cradle in the classical position for laparoscopy (dorsal 
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recumbence). The abdominal area was prepared by shearing the wool 
around the udder and from about the first 20 cm of the lower belly area by 
a razor blade. Dirt was removed from the skin with an antiseptic detergent. 
Does were locally anesthetised using 0.02 mg/kg body weight lidocaine 2% 
(Oubari Pharma, Syria), administered subcutaneously about 3 cm anterior 
to the udder, and about 3 to 4 cm on each side of the mid-ventral line. A 
very small incision (about 1 cm) was made in the skin by a scalpel to 
facilitate puncturing the skin and insertion the 7 mm trochar and the 
cannula holding the telescope and the gas inlet. By means of the telescope 
and the light source to locate the right place, the skin was punctured using 
a 5 mm trochar for inserting the cannula holding the grasping forceps. 
During the puncturing, care was taken to avoid blood vessels. After 
measurements, the cannulas were removed and a topical antibacterial 
spray (Alamycin: Oxytetracycline, Norbrook, UK) was applied on the 
incisions.  

 
Blood sampling and hormones analysis 
Jugular blood samples (10 mL) were collected from does using 

vacutainers at the insertion and removal of the vaginal sponges (I + FGA 
and I + FGA + eCG groups), and from all does prior to each measurement to 
determine progesterone concentrations. In addition, further blood samples 
were collected from does in the O + UT group in the barn prior to 
movement of does to the measurement place, at the measurement place, 
and after laparoscope measurements to determine cortisol concentrations. 

Serum was harvested using a centrifuge at 3000 rpm for 20 minutes 
and samples were stored frozen at -20 0C until assayed. The validated 
progesterone and cortisol RIA kits (Coat–A–Count, Siemens, USA) were 
used. The intra-assay and inter-assay coefficients of variations were 6.10 
and 9.76%, and 6.29 and 9.09% for progesterone and cortisol, respectively. 
Progesterone levels equalled to or exceeding 3.18 nmol L-1, were indicative 
of normal luteal function, and levels less than 3.18 nmol L-1, were indicative 
of either anoestrus or follicular phase of the oestrous cycle (Zarkawi, 
2010). 

 
Parameters and statistical analysis 
The following parameters were measured: 
 The diameter of each ovary (right and left). 
 Numbers of different ovarian follicular size categories (small: 1 to 3 

mm, medium: 3 to 5 mm and large: > 5 mm; Sontakke et al., 2009), and 
diameters and numbers of corpora lutea in each ovary. 

Statistical analyses were carried out using StatView-IV programme 
(StatView, 1996) on an IBM system. A separation test on treatment means 
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was conducted using Fisher's PLSD. ANOVA repeated measure 
comparisons were used. 

 
 
RESULTS AND DISCUSSION 
Progesterone concentrations as affected by the four experimental 

treatments 
Progesterone concentrations have been extensively used in the studies 

of animal reproduction (Zarkawi and Al-Daker, 2013; Salhab et al., 2017). 
They have been also used to confirm the clinical and morphological 
findings shown by laparoscopy (Zarkawi and Soukouti, 2012). Serum 
progesterone concentrations in the O + UT group were constantly very low 
(< 2 nmol L-1), as there was no formation of corpora lutea and does were in 
an anoestrus period (acyclic). However, cyclic patterns in serum 
progesterone concentrations were observed in does in the other three 
groups, indicating the presence of functional corpora lutea during the 
normal oestrous cycle (Zarkawi and Soukouti, 2001) with a difference in 
the shape in the curve between the does in the I + UT group and the other 
two groups as oestrus in the former group was not synchronised. 

 
The ovaries 
For the first time, laparoscopic examinations were performed to assess 

the ovaries and the status of the ovarian response of Damascus does to the 
hormonal treatments. As shown in Table 1, the ovaries of does in the O + 
UT group were very small, with an overall mean diameter of 1.86 cm, as 
does were in an anoestrus period.  

 
Table 1. Mean diameters (± SD) of the right and left ovaries and the overall 
diameter (cm) in Damascus does in the O +UT, I + UT, I + FGA and I + FGA + eCG 
groups following laparoscopic measurements (three times a week, for a period of 
22 days). 

Group 
Right ovary 
Diameter (cm) 

Left ovary 
Diameter (cm)  

Overall 
Diameter (cm) 

Range 
(cm) 

O +UT 1.88 ± 0.16aA 1.83 ± 0.16 aA 1.86 ± 0.16 aA 1.5 to 2.2 
I +UT 2.26 ± 0.29aB 2.28 ± 0.29 aB 2.27 ± 0.29 aB 1.8 to 2.7 
I + FGA 2.22 ± 0.20aB 2.23 ± 0.17 aB 2.23 ± 0.19 aB 1.9 to 2.8 
I + FGA + eCG 2.21 ± 0.35aB 2.23 ± 0.41 aB 2.22 ± 0..8 aB 1.9 to 3.3 

a Means in the same row with the same superscript indicate no significant difference (P > 
0.05). A, B - Means in the same column with different letters indicate a significant difference 
(P < 0.05). 

There were significant differences (P < 0.05) in the diameters between 
ovaries in does in the O +UT group and those in the I + UT, I + FGA and I + 
FGA + eCG groups, but the difference in the diameter among the latter 3 
groups was not significant (P > 0.05). Siddique et al. (2010) reported width 
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of the ovaries of untreated black Bengal goats ranging between 1.26 and 
1.34 cm. 

Within the same group, there were no significant differences (P < 0.05) 
in the diameters between the right and left ovaries. Similarly, Adigwe and 
Fayemi (2005) reported no difference in the diameters between the right 
and left ovaries of adult, non-pregnant Maradi goats. 
 

The ovarian follicles 
Table 2 shows that 1 to 3 mm and 3 to 5 mm follicles were the least in 

number, and unlike the other 3 groups, there were no follicles larger than 5 
mm found in the ovaries of does in the O + UT group; whereas, follicles > 5 
mm follicles were found in the ovaries of does inside the breeding season. 
Saloia (Silva et al., 2003) and Syrian Awassi ewes (Zarkawi and Soukouti, 
2012) treated with eCG had a higher number of follicles over 5 mm in 
diameter in the ovaries than those untreated.  

Equine chorionic gonadotropin has been used to improve ovulation 
rate (Lamrani et al., 2008) and, consequently, fecundity rate (Husein et al., 
2007). There were mean total numbers of 6.2 (2 to 3 mm), 1.9 (4 to 5 mm) 
and 1.0 follicles greater than or equal to 6 mm in the ovaries of Murciana-
Granadina dairy goats during the oestrous cycle (deBulnes et al., 1999). 

Within the same group, there were no significant differences (P > 0.05) 
in the numbers of different types of follicles present on the right and left 
ovaries. Similar results were reported in Assam goats in India (Kalita et al., 
2001).  

 
Table 2. Mean numbers (± SD) of the different ovarian follicles (1 to 3 mm, 3 to 5 
mm and >5 mm) and their ranges in the ovaries of  Damascus does in the O +UT, I + 
UT, I + FGA and I + FGA + eCG groups following laparoscopic measurements (three 
times a week for a period of 22 days).   

Follicle 
diameter 
(mm) 

Group 
O +UT 
Mean ± SD* 
(range) 

I + UT 
Mean ± SD 
(range) 

I + FGA 
Mean ± SD 
(range) 

I + FGA + eCG 
Mean ± SD 
(range) 

1 to 3 mm 
12.1 ± 2.8a 
(7 to19) 

13.5 ± 2.9b 
(7 to 21) 

13.9 ± 3.4b 
(6 to 25) 

13.5 ± 4.0b 
(6 to 24) 

3 to 5 mm 
1.8 ± 1.0a 
(0 to 4) 

3.4 ± 1.8b 
(0 to 11) 

4.1 ± 2.8b 
(0 to 13) 

3.3 ± 3.0b 
(0 to 13) 

> 5 mm 0 
1.5 ± 0.5a 
(0 to 2) 

1.8 ± 0.5a 
(0 to 4) 

1.8 ± 0.9a 
(0 to 4) 

*in both ovaries.  
a,b Means in the same row with different superscripts indicate a significant difference  
(P < 0.05). 
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The corpora lutea 
In the present study, no CL were found in the ovaries of does in the O + 

UT group, as does were in an anoestrus period. However, functional CL 
were formed in the ovaries of the does in the I + FGA,  I + FGA and I + FGA + 
eCG groups which were significantly (P < 0.05) higher in numbers in the 
latter group (2.2, 2.5 and 4.2, respectively, Table 3). Number of CL rose 
from zero outside the breeding season to 2.8 in the ovaries of  adult Korean 
native and Nubian goats, treated with intravaginal sponges and eCG, and 
from 1.4 untreated inside the breeding season to 2.0 treated with 
intravaginal sponges and eCG (Chao et al., 2008). 

Likewise, mean progesterone concentrations during the luteal phase 
were significantly higher (P < 0.05) in the latter than in the other two 
groups (Table 3). It was observed that the high progesterone concentration 
in the I + FGA + eCG group was associated with the high number of CL. 
Zarkawi and Soukouti (2012) reported that CL were developed normally in 
the ovaries of Syrian Awassi ewes treated with FGA and FGA plus eCG 
during the course of laparoscopic examinations. 

Results showed that there were no significant differences (P > 0.05) in 
the diameters of CL in the ovaries among does in the three groups inside 
the breeding season (9.9, 10.8 and 9.6 mm, respectively, Table 3). In 
pregnant Iraqi goats, Alwan et al. (1993) reported CL diameters ranging 
between 14 and 15 mm. 

 
Table 3. Numbers and diameters of corpora lutea (CL), and progesterone 
concentrations (n mol L-1) (means ± SD) and their ranges in Damascus does in the  
O + UT, I + UT, I + FGA and I + FGA + eCG groups following laparoscopic 
measurements (three times a week for a period of 22 days).   

Group 
Number of 
functional CL* 
(range) 

Diameter (mm) 
(range) 

Progesterone  
(nmol L-1) 
(range) 

O + UT None - 
0.35 ± 0.28a 
(0.01 to 1.15) 

I + UT 
2.2 ± 0.6a 

(0 to 3) 
9.9 ± 7.4a 

(6 to 15) 
31.04 ± 15.11b 
(3.18 to 65.49) 

I + FGA 
2.5 ± 0.7a 
(0 to 4) 

10.8 ± 2.9a 
(6 to 18) 

32.38 ± 16.40b 
(3.62 to 64.28) 

I + FGA + eCG 
4.2 ± 1.4b 
(0 to 6) 

9.6 ± 3.2a 
(5 to 20) 

55.85 ± 45.28c 
(3.80 to 203.51) 

* in both ovaries 
a,b, c Means in the same column with different superscripts indicate a significant difference  
(P < 0.05). 

In the present study, no signs of adhesion formation were observed 
among does in the studied organs following repeated laparoscopic 
observations, and none of the does suffered health complications or died 
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during the course of examinations because of repeated laparoscopy. Using 
a laparoscope, similar results were reported in Syrian Awassi ewes 
(Zarkawi and Soukouti, 2012). Moreover, after performing all the 
laparoscopic measurements, all does were mated, got pregnant and kidded. 
Therefore, laparoscopy is considered a simple, accurate and practical 
technique for visual examination of abdominal organs (Maiti et al., 2008). 

 
Cortisol concentrations at different physiological conditions 
Cortisol concentrations have been usually used as an indicator of stress 

in animals (Bayazit 2009). In the present study, determination of serum 
cortisol concentration in Damascus does during three different 
physiological conditions (in the barn prior to movement to the 
measurement place about 50 meters, at the measurement place prior, and 
after laparoscope measurements, with a mean interval between the latter 
two stages of about 20 min) was performed for the first time to evaluate 
the stress response. Mean serum cortisol concentration was 54.10 (27.87 
to 84.43), 96.12 (34.21 to 185.96) and 81.82 (29.52 to 134.64) nmol L-1, 
respectively (Figure 1), with the difference being significant (p<0.05) 
between does being in the barn and prior to the measurement, and 
between being in the barn and post measurement. The difference in serum 
cortisol concentration was not significant (P > 0.05) between does prior 
and post laparoscope measurements. Despite the elevation in cortisol 
concentration during the different conditions, it showed a decline with time 
which could be attributed to the adaptation of does to stress with time 
(Figure 1).  

 
Figure 1. Mean (± SE) serum cortisol concentration in the blood of Damascus does at three 
different physiological conditions (in the barn prior to movement to the measurement place 
about 50 meters, at the measurement place prior, and after laparoscope measurements, 
with a mean interval between the latter two stages of about 20 min).  
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Plasma cortisol concentrations in Japanese Tokara does were 
approximately 115.88 nmol L-1 before transport and rose immediately after 
the start to a peak value of 457.99 nmol L-1 within 1 h and returned to base 
values 6 h after the end of transportation (Nwe et al., 1996). In Ossimi and 
Saidi ewe lambs, Emeash et al. (2008) studied the stress in relation to 
sheep shearing using cortisol measurements. They indicated that the 
concentration rose from 71.73 nmol L-1 before to 311.77 nmol L-1 after 
shearing, and then the concentration declined to 204.17, 190.37 and 168.3 
nmol L-1 after 1, 2 and 3 h of shearing, respectively. Finally, in experimental 
show jumping, Feriazzo et al. (2009) reported that serum cortisol 
concentrations were always higher than basal 5 min post-exercise, with 
concentrations falling at 30 min, with no effects of fence height (100, 110 or 
120 cm) on cortisol changes. 

 
 

CONCLUSIONS 
Damascus does responded to the FGA and eCG treatments, and to the 

laparoscopy with no problems or health complications. Using the 
laparoscopy, the ovaries, ovarian follicles and corpora lutea could be 
measured and assessed. It might be concluded that laparoscopy could be 
safely, successfully and repeatedly applied on the same Damascus doe and 
that the technique employed could also be useful in future AI programmes 
aiming at improving the reproductive efficiency of small ruminants in Syria. 
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