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SUMMARY 
 

 The current study was done to investigate the expression profile of selected candidate genes in corpus 
luteum of cyclic Egyptian buffaloes. A total number of nine corpora lutea (CLs) was collected from 9 cyclic 
slaughtered female Egyptian buffaloes. Based on their developmental phases and morphological features, CLs 
were classified into; growing (around days 3-5), static (around days 7-10) and regressed (around days 19-21 of 
the estrous cycle). Transcript abundance of genes regulating mitochondrial activity (SOD2, TFAM and CPT2), 
lipid metabolism (SREBP1), pro-inflammatory cytokine (TNFα) and oxidative stress (NFE2L2) was assessed 
relative to GAPDH as a housekeeping gene.  

Relative gene expression profiles of TFAM and SOD2 increased (P ≤ 0.05) in static phase compared to both 
growing and regressed phases. Transcript abundance of both CPT2 and SREBP1 was significantly higher at 
static phase, while was at minimum level of expression during regression phase. The expression profile of 
NFE2L2 revealed insignificant differences among the studied phases of CLs. Relative transcript abundance of 
TNFα was higher (P ≤ 0.05) at regression phase compared to growing and static ones. Taken together, the 
pattern of genes regulating mitochondrial activity and lipid metabolism were higher during growing phase and 
reached a plateau in static phase and fully declined during regression phase. Meanwhile, the transcript 
abundance of pro-inflammatory cytokine gene denoted an opposite trend. Thus, gene expression profile 
reflected the cyclic changes of buffalo corpus luteum development.  
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INTRODUCTION 
 

 Corpus luteum (CL) is an ovarian structure that 
formed from the ovulated Graafian follicle. It has 
distinct morphological and physiological changes 
during the estrous cycle of female farm animals. The 
appropriate functionality of CL is crucial for 
pregnancy maintenance and normal reproductive 
cyclicity of the cows (Quintal-Franco et al., 1999). 
Different studies have been conducted to understand 
the developmental changes as well as progesterone 
profile (Barkawi et al., 2002) during estrous cycle of 
buffaloes.  

Early study on buffaloes reported that luteal tissue 
has been detected as hypoechoic patches inside the 
developed echogenic mass on days 3-6 of the 
buffaloes estrous cycle (Fadel, 2000). The mean 
diameter of the CL when detected on day 3 was 
reported to be 2.8 mm, 9.3 mm in mature phase 
(about day 12), and 5.0 mm in diameter on day 18 
(Fadel, 2000 and Barkawi et al., 2002). The duration 
of CL development phases was 6.4, 11 and 4.5 days 
for growth, static and regression while, the diameter 
at these phases was 2.8,  9.3 and 5.0 mm (Fadel, 2000 
and Barkawi et al., 2002). The day at which reached 
that diameter was around day 10 of the estrous cycle 
(Barkawi et al., 2002).  

These anatomical changes were also accompanied 
with cellular and biological activities. Jainudeen and 
Hafez (1993) reported that, progesterone (P4) levels 
in plasma and milk of buffaloes, as in cattle, reflect 
the endocrine activity of CL but with lower levels 
than in cattle. The maximum level of plasma P4 was 
associated with higher number of small luteal cells 
(SLC) and large luteal cells (LLC) present in the CL 
and positively correlated with the luteal P4 production 
at mid-luteal (ML) stage in buffaloes (Mishra et al., 
2018). CL has distinctive types of cells (O’Shea et 
al., 1989), which classified as steroidogenic (small 
and large luteal cells) and non-steroidogenic 
(pericytes, fibroblasts, endothelial, macrophages, 
leukocytes and mast cells). Overall, there have been 
many studies done describing the physiological and 
cellular changes of CL during estrous cycle of 
different farm animal species. However, few 
investigations were done to detect developmental 
stages of buffalo CL at the molecular level. 
Therefore, the current study was performed to 
monitor gene expression profile during different 
developmental phases of cyclic Egyptian buffaloes. 
 

MATERIALS AND METHODS 
  

 Unless stated, all chemicals were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). 
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Collection of CL samples: 
  Ovaries were collected from local slaughterhouse 
immediately after slaughtering. Three different 
developmental stages of CL: corpus hemorrhagicum: 
growth phase (around days 3-5), static phase (around 
days 7-10) and corpus albicans: regression phase 
(around days 19-21), were collected and classified 
according to their morphological features, color and 
size (Ireland et al., 1980 and Ambrose et al. 1993). 
From each developmental stage of CL, three samples 
were collected from three different animals.  
 

RNA extraction: 
The total RNA was extracted from all stages of 

corpus luteum samples using RNA isolation kit 
(Qiagen, Hilden, Germany). All steps of extraction 
were done at room temperature. A total of 30 mg of 
frozen CL tissue was grinded using a mortar pestle 
and homogenized thoroughly in 300 µl of lysis 
buffer, supplemented with 10 µl of β-mecaproethanol 
using conventional rotor-stator homogenizer for 10 
sec. Afterwards, 600 µl of Proteinase K (10 µL of the 
included Proteinase K diluted in 590 µL of TE 
buffer) was added to lysate and mixed thoroughly by 
vortex then incubated for 10 min. The whole mix was 
centrifuged for 5 min at ≥12000 × g and the 
supernatant was transferred into a new RNase-free 
micro-centrifuge tube, 450 µL of ethanol (96-100%) 
was added and mixed by pipetting. The lysate (700 
µL) was transferred to the GeneJET RNA 
purification column (GeneJET RNA Purification Kit, 
Thermofisher Scientific, CA, USA) and centrifuged 
for 1 min at ≥12000 × g and the flow-through was 
discard and this step for the rest of lysate was 
repeated. The GeneJET RNA purification column 
was placed into a new 2 mL collection tube, 700 µL 
of wash buffer1 was added to column, centrifuged for 
1 min at ≥12000 × g. Th flow-through was discarded 
and this step was repeated using 250 µL of Wash 
Buffer 2. The collection tube containing the flow-
through was discarded and column was transferred to 
a sterile 1.5 mL RNase-free micro-centrifuge tube. 
Finally, 50 µL of nuclease-free water was applied to 
the center of the column membrane and centrifuged 

for 1 min at ≥12000 × g to elute RNA, which was 
stored at -80°C until use. The concentration of RNA 
was measured using a Nano Drop 2000C (Thermo 
Scientific, Wilmington, DC, USA). An absorbance 
ratio of 1.8 to 2.0 was obtained for all samples, which 
indicated the high purity of RNA and free from DNA 
contamination. 

 

cDNA synthesis 
After adjusting RNA concentration of all samples 

(1μg), cDNA synthesis was performed using 2μl 10X 
RT random primer, 2μl 10X RT buffer, 0.8 μl 25X 
dNTP, 1μl multiscribe reverse transcriptase, 1μl 
RNase inhibitor (Applied Biosystems, , USA) and 
various volumes of nuclease free water to make 20 μl 
total volume. The following PCR program (25°C for 
10 min, 37°C for 120 min and 85°C for 5 min) was 
used for cDNA synthesis 
 

Quantitative real-time PCR analysis: 
In order to perform the relative quantification of 

gene expression, specific primers of target genes 
were designed using Prime3 software as shown in 
Table (1) and according to Rozen and Skaletsky 
(2000) from sequences described in the GenBank 
database (www.ncbi.nlm.nih.gov). Quantitative 
analysis of cDNA samples was performed using a 
StepOnePlus™ Real-Time PCR instrument (Applied 
Biosystems, USA). Prior to quantification, the 
forward and reverse primers were optimized. Specific 
primer combinations with low threshold cycle (CT) 
values and that did not form primer dimers were 
selected for subsequent PCR. PCR was performed in 
a 20 uL reaction volume containing 10 uL of  Power 
SYBR Green PCR Master Mix (Applied Biosystem). 
Universal thermal cycling parameters (10 minutes at 
95 °C, then 40 cycles of 15 seconds at 95 °C, 20 
seconds at 60 °C, and 30 seconds at 72 °C, followed 
by a final 60 seconds extension at 60 °C) were used 
to quantify each gene of interest (Table 1). Results 
were quantitatively analyzed with the delta delta Ct 
method and were reported as relative expression to 
the calibrator after normalization of the target 
transcript to the endogenous control. 
 

 

Table 1. List of primers used for quantitative real-time PCR analysis 

Gene Name 
Gene bank accession 
number 

Primer sequence 
Fragment size 

(bp) 

TFAM 
NM_001034016 F: 5’-CTGGTCAGTGCTTTGTCTGC-3’  

R: 5’-CTAAAGGGATAGCGCAGTCG-3’ 
128 

SOD2 
NM_201527 F: 5’-GTGATCAACTGGGAGAATGT-3’ 

R: 5’-AAGCCACACTCAGAAACACT-3’ 
163 

GAPDH 
NM_001034034.2 F: 5’- AGGTCGGAGTGAACGGATTC -3’ 

R: 5’- GGAAGATGGTGATGGCCTTT -3’ 
219 

CPT2 
NM_001045889 F: 5’-CCGAGTATAATGACCAGCTC-3’ 

R: 5’-GCGTATGAATCTCTTGAAGG-3’ 
152 

SREBP1 
NM_001113302 F: 5’-CCGTTTCTTCGTGGATGG-3’ 

R: 5’-ATGCTGGAGCTGATGGAG-3’ 
264 

TNFα 
AF011927 F: 5’-GTGAAGTCGCTCAGTCGTGC-3’ 

R: 5’-TCTACAAGGCGGGAGACCTG-3’ 
170 

NFE2L2 
NM_001011678 F: 5’-TAAAACAGCAGTGGCTACCT-3’ 

R :5’-GAGACATTCCCGTTTGTAGA-3’ 
159 

PCR (polymerase chain reaction) bp (base pair), F (Forward), R (Reverse) 
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Data analysis: 

The data produced from the evaluation of gene 
expression profile from the three animals was 
analyzed using the General Linear Model procedure 
(SAS Institute Inc., 2011).  The analysis was done to 
test the effect of stages of CL on the expression of 
two genes by the use of the following model: Yij = µ 
+  Ci + eij . Yij = Measured trait, µ= Overall mean, 
Ci = Stages of CL, and eij = Experimental error. The 
mean values were compared for statistical 
significance using Duncan’s range test (Duncan, 
1955). Differences were considered statistically 
significant at P ≤ 0.05. 
 
RESULTS 

 
Expression profile of SOD2 (Figure 1), TFAM 

(Figure 2) and CPT2 (Figure 3) increased 

significantly (P≤0.000) in static phase compared to 
growing and regression ones. Meanwhile, the 
expression of SOD2 and TFAM genes was higher 
insignificantly during growth phase than regression 
phase. However, the transcriptional profile of CPT2 
gene was significantly higher during growth phase 
than regression phase. Meanwhile, the transcript 
abundance of SREBP1 (Figure 4) increased 
(P≤0.000) at static phase while it was at minimum 
profile during regression phase of CL. The 
expression profile of NFE2L2 (Figure 5) was not 
significantly different among all stages of CL 
development, however; it reached the highest 
expression during static phase. On the other hand, 
relative transcript abundance of TNFα (Figure 6) was 
higher (P≤0.000) at regression phase than growth and 
static phases.  
 

 

 
 
Figure 1. Transcriptional abundance of SOD2 in different developmental phases of cyclic Egyptian 
buffalo's corpus luteum 
 

 
Figure 2. Transcriptional abundance of TFAM in different developmental phases of cyclic Egyptian 
buffalo's corpus luteum. 
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Figure 3. Transcriptional abundance of CPT2 in different developmental phases of cyclic Egyptian 
buffalo's corpus luteum.  
 

 
Figure 4. Transcriptional abundance of SREBP1 in different developmental phases of cyclic Egyptian 
buffalo's corpus luteum. 
 

 
Figure 5. Transcriptional abundance of NFE2L2 in different developmental phases of cyclic Egyptian 
buffalo's corpus luteum. 
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 Figure 6. Transcriptional abundance of TNFα in different developmental phases of cyclic Egyptian 
buffalo's corpus luteum. 
 
DISCUSSION 

 

Mitochondria have intrinsic functions during 
ovarian follicle development and granulosa cells 
luteinization. Progesterone synthesis started inside 
the mitochondria and finally produced in the 
endoplasmic reticulum of lutein cells (Niswender et 
al., 2000). Moreover, mitochondrial transcripts 
represented approximately 14% of overall expressed 
sheep ovary transcriptome (Pokharel et al., 2018) 
which implied a high-energy demand tissue. 
Consistent with this idea, results of the current study 
revealed up-regulation of three mitochondrial 
transcripts (SOD2, TFAM and CPT2) in static 
compared to both growing and regressed phases of 
CL development. In mouse, Foyouzi et al. (2005) 
found that mRNA for all superoxide dismutase 
(SOD) enzymes (SOD1, SOD2, and SOD3) 
expressed in the CL. In addition, SOD2 was the most 
highly expressed gene in CL (Foyouzi et al., 2005). 
Kawaguchi et al. (2013) indicated that LH could 
increase the level of both mRNA protein of SOD1 
and SOD2 in bovine CL, which reached the highest 
expression in the mid-luteal phase. The up-regulation 
of these two antioxidant enzymes (SOD1, SOD2) is 
crucial for sustaining cell viability and maintaining 
CL function during the luteal phase. Indeed, luteal 
cells generate oxygen radical species (ROS) as a 
result of normal cellular metabolism, which has been 
linked with decreased progesterone production and 
cell death (Riley et al., 1991). Thus, up-regulation 
of SOD2 might increase the ability of cells to 
neutralize ROS. On the other hand, the reduced 
expression of SOD2, TFAM and CPT2 in 
coincidence with the regressed phase could be 
explained by the reduction in the relative volume of 
mitochondria in the lutein cells during luteolysis 
process of CL (Pivko et al., 2016). It is known that β-
oxidation of fatty acids depends on the activity of 
two key enzymes (CPT1B and CPT2) residing in 
outer and inner mitochondrial membranes (Sutton-
McDowall et al., 2012). 

The process of steroidogenesis in CL depends 
mainly on the supply of cholesterol as required 
precursor from intracellular biosynthesis and 
extracellular sources. Sterol regulatory element-
binding proteins (SREBP) regulate cholesterol (Hua 
et al., 1993) and fatty acids (Ye and DeBose-Boyd 
2011) at intracellular level.  

In the process of CL regression, there is a decline 
in steroidogenesis coupled with reduction of SREBP2 
activity (Rennert et al., 1990 and Xu et al., 2018). 
Obtained results of higher expression of SREBP1 
during static than both growing and regression phases 
revealed a possible action of SREBP1 in supporting 
P4 synthesis and secretion by luteal cells during static 
phase. Similarly, high expression of PAPP-α as lipid 
candidate gene was detected in CL of buffalo ovary 
as compared to corpus albicans (Nayan et al., 2013). 

The tumor necrosis factor alpha (TNFα) is one of 
the apoptotic signals, which interact with certain cell 
surface receptors that induce cell death (Nagata, 
1997). In accordance, the results of the current 
investigation revealed higher relative transcript 
abundance of TNFα at regression phase than growth 
and static ones of CL development. In 1995, Shaw 
and Britt observed that TNFα is released during both 
spontaneous and PGF2aα induced luteolysis of 
bovine CL. This also supports the idea that TNFα 
regulates CL regression via up-regulating its specific 
receptors (TNFR type-I) during bovine CL luteolysis 
(Sakumoto et al., 2014 and Neuvians et al., 2004). 
Moreover, Friedman et al. (2000) suggested that, the 
tumor necrosis factor α (TNFα) which induced 
programmed cell death during structural luteolysis is 
mediated by its type I receptor (TNFR I), affecting 
endothelial cells, and then the decline in P40 
Preceding structural luteolysis, is a prerequisite for 
the initiation of apoptosis in endothelial cells. 
Furthermore, TNFα induces synthesis and release of 
endothelin 1 (EDN1) from endothelial cells that may 
induce CL regression (Okuda et al., 1999 and 
Friedman et al., 2000). Therefore, some researchers 
(Meidan et al., 1999 and Meidan et al., 2005) have 
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suggested that EDN1 is activated and subsequently 
regulating the structural regression of CL by 
promoting migration of leucocyte and stimulating 
release cytokines such as TNF-α  from macrophages. 

On the other hand, the expression of two genes 
(SOD2 and NFE2L2) that involved in cellular 
defense mechanism against any stress signals 
increased during static phase compared with growing 
and regression phases of CL cyclic changes. Because 
of normal metabolism, cells generate oxygen radical 
species and the luteal cells increased production of 
ROS that has been linked with reduced secretion of 
P4 and apoptosis of its cells (Riley et al., 1991 and 
Foyouzi et al., 2005). As the mRNA for all SOD 
enzymes (SOD1, SOD2 and SOD3) expressed in CL 
of mice being moreover, SOD2 the most highly 
expressed gene (Foyouzi et al. 2005). Therefore, an 
explanation of higher expression of NFE2L2 and 
SOD2 genes is based on the highlighted crucial role 
of these genes in defense mechanism against 
oxidative stress as a recent study showed that 
downregulation of NFE2L2 expression has resulted 
in increased ROS level, reduced mitochondrial 
activity and cellular proliferation (Khadrawy et al., 
2019). Interestingly, P4 profile during the luteal phase 
was positively correlated with the activity of SOD1. 
Reduction in SOD1 during CL regression was 
accompanied by increased ROS levels (Behrman et 
al., 2001). Kawaguchi et al. (2013) observed 
increasing expression of the protein and mRNA 
levels of both SOD1 and SOD2 in the bovine CL 
reached the highest expression profile in the mid-
luteal phase as a result of LH induction.  

In conclusion, the profile of genes regulating 
mitochondrial activity, lipid metabolism, pro-
inflammatory and stress response was coupled with 
morphological and biological changes of corpus 
luteum during estrous cycle of Egyptian buffaloes. 
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 التعبیر عن الجینات المختارة خالل مراحل مختلفة من تطور الجسم األصفر في الجاموس المصري
  

  2¸1، شریف محمد دسوقى 2¸1مروه سعید فھیم

  
  مجمع المعامل البحثیة، كلیة الزراعة، جامعة القاھرة  -٢قسم اإلنتاج الحیوانى، كلیة الزراعة، جامعة القاھرة،  -١
  

أجریت ھذه الدراسة لبحث نمط التعبیر الجینى لبعض الجینات المختارة فى الجسم األصفر بالجاموس المصرى. تم جمع تسعة أجسام صفراء   
لمصرى المذبوح. تم تقسیم األجسام الصفراء بناءا على مراحل التطور والصفات المورفولوجیة الى أجسام صفراء خالل الدراسة من الجاموس ا

). تم تقییم مدى ٢١إلى - ١٩) وأجسام صفراء مضمحلة (من الیوم ١٠إلى -٧)، أجسام صفراء مكتملة النمو (من الیوم ٥إلى  - ٣نامیة (من الیوم 
 (SREBP1)والتمثیل الغذائى للدھون  (SOD2, TFAM and CPT2)نشاط المیتوكوندریا  لمتحكمة فىتوفر النسخ من تعبیر الجینات ا

    . (GAPDH)مقارنة بالتعبیر الجینى المرجع  (NFE2L2)واإلجھاد التأكسدى  (TNFα)والسیتوكین المرتبط باإللتھاب 
فى مرحلة  SOD2و  TFAMمن  المیتوكوندریا فیما یتعلق بكالللجینات المرتبطة بنشاط فى التعبیر الجینى  (P ≤ 0.05)وجدت زیادة   

و نشاط  (SREBP1) إكتمال النمو مقارنة بمرحلتى النمو واإلضمحالل. فى حین حقق التعبیر الجینى للجینات المرتبطة بتمثیل الدھون 
الجینى لھما ألقل مستویاتھ خالل مرحلة اإلضمحالل. لم إرتفاعا معنویا فى مرحلة إكتمال النمو بینما وصل مستوى التعبیر  (CPT2)المیتوكوندریا 

خالل المراحل المختلفة لتطور الجسم  (NFE2L2)یالحظ وجود إختالفات معنویة فى مستوى تعبیر الجین المسئول عن اإلجھاد التأكسدى 
مرحلة اإلضمحالل مقارنة بمرحلتى النمو وإكتمال  األصفر. وعلى العكس أظھر التعبیر الجینى للسیتوكین المرتبط باإللتھاب إرتفاعا معنویا خالل

لجسم النمو. مما سبق یتضح أن ھناك زیادة فى نمط التعبیر الجینى للجینات المتحكمة فى نشاط المیتوكوندریا وتمثیل الدھون خالل مرحلة نمو ا
ل مرحلة اإلضمحالل. فى حین أن أظھر جین السیتوكین األصفر ثم بلغت أعلى مستوى أثناء مرحلة إكتمال النمو إلى أن وصلت ألقل تعبیر لھا خال

  المرتبط باإللتھاب نمطا مختلفاً. وھكذا یعكس التعبیر الجینى التغیرات الدوریة أثناء تطور الجسم األصفر بالجاموس المصرى.  


