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ABSTRACT
Background: Numerous plant and animal species have β-defensins, antimicrobial peptides involved in immunity 
and reproduction. Beta-defensin 126 (DEFB126) belongs to the β-defensin family and is a vital component of sperm 
function. It regulates the capacitation and sperm-egg interaction.
Aim: Clarify the expression of DEFB126 in the dromedary camel’s sperm and reproductive tract.
Methods: The current work used immunohistochemical (IHC) and quantitative real-time polymerase chain reaction 
(qRT-PCR) methods to clarify the distribution and expression of DEFB126 in the sperm and male reproductive tract 
(MRT) of dromedary camels in the time of rutting. Samples of fresh and epididymal sperm, testicular, epididymis, 
ductus deferens, and male accessory gland tissues were obtained from 20 male camels.
Results: The results of IHC showed that the fresh and epididymal sperms had a positive immunoreaction to DEFB126 
antibodies. Also, all parts of the testicles, epididymis, vas deferens, prostate, and bulbourethral glands were positively 
stained to various degrees with a strong immunoreaction in the epididymal’s tail. qRT-PCR results showed that 
expression levels of DEFB126 mRNA varied in the fresh and epididymal sperms and throughout all parts of the MRT; 
the tail of the epididymis had the most significant expression levels (p < 0.05).
Conclusion: This study’s results indicated that DEFB126 protein is expressed in the sperm and MRT of the dromedary 
camel, with the acrosomal cap of the sperm and the epididymis tail exhibiting the highest levels of expression. These 
findings imply that DEFB126 could be involved in the reproductive processes of sperm maturation, capacitation, and 
sperm-zona recognition.
Keywords: Camel, DEFB126, Immunohistochemistry, Male reproductive tract, qRT-PCR, Sperm.

Introduction
In many desert places, dromedary camels (Camelus 
dromedarius) have been long valued for their capacity 
to withstand harsh environments and serve as a reliable 
source of food, transportation, beauty festivals, 
and racing sports (Ali et  al., 2009; Wu et  al., 2014; 
Khalafalla et al., 2021).
The poor genetic potential of local camels, traditional 
livestock management, and unstable production 
circumstances all contribute to their low reproductive 
efficiency in arid environments (Gherissi et al., 2020).
The morphology of the male reproductive system of 
the dromedary camel is made up of the testes, penis, 
epididymis, and accessory sex glands (prostate, 

ampulla, and bulbourethral glands), where seminal 
vesicle glands are absent (Jarrar and Faye, 2013; Bello 
and Umaru, 2014; Saini et al., 2022). Three parts make 
up the camel spermatozoon: the head, middle section, 
and tail. Its size is often less than other animals (Tingari 
et al., 1986).
However, standard sperm parameters are deemed 
inadequate because they do not accurately indicate 
breeding potential and correlate poorly with fertility 
(Khatun et  al., 2018). Understanding the proteins 
involved in male fertility is crucial for developing 
treatments for male infertility (Beeram et  al., 2019). 
Therefore, molecular methods have been developed 
to accurately measure the sperm’s expression levels of 
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particular proteins utilized as male fertility indicators 
(Ashrafzadeh et al., 2013).
β-Defensins are small, cationic antimicrobial peptides 
first identified in the bovine trachea (Diamond et al., 
1991). They consist of over 80 amino acids, with 5–12 
positively charged residues, and play vital roles in 
immunity and reproduction (Ganz, 2004; Pazgier et al., 
2006; Pujianto et al. 2020; Zupin et al. 2019; Wilson 
et al., 2013; Ribeiro et al., 2016; Fesahat et al., 2023). 
In adult animals, β-defensins are highly expressed in 
the testis and epididymis, where they support sperm 
glycocalyx formation and provide bacteriostatic 
and anti-inflammatory functions (Zhou et  al., 2004; 
Dorin and Barratt, 2014; Avellar et  al., 2019). Their 
expression is developmentally regulated, increasing in 
puberty (Sangeeta and Yenugu, 2019).
Beta-defensin 126 (DEFB126) is a partner of the 
family β-defensin and is crucial to sperm functioning 
(Hall et al., 2017). It is a highly sialylated glycopeptide 
and is added to the surface of sperm after their passage 
through the epididymis. Also, this protein is required 
for sperm to migrate efficiently into the female 
reproductive system. Furthermore, it regulates the 
capacitation and sperm-egg interaction (Narciandi 
et  al., 2016). Additionally, sperms that are migrating 
to the upper female reproductive tract are coated with 
an immunoprotective layer by DEFB126, which aids in 
sperm penetration through cervical mucus and sperm 
protection (Yudin et  al., 2003; Yudin et  al., 2005; 
Tollner et al., 2011; Tollner et al., 2012).
Studies conducted in the first quarter of this century 
focused on the expression of DEFB126 in the 
spermatozoon and testicular and epididymal epithelium 
of several mammalian species, such as humans, bulls, 
and macaques, as well as its relationship to infertility 
mainly in humans (Yamaguchi et  al., 2002; Yudin 
et al., 2003; Thimon et al., 2007; Narciandi et al, 2011; 
Tollner et  al., 2012; Fernandez-Fuertes et  al., 2016; 
Lyons, 2016; Narciandi et al., 2016; Lyons et al., 2018; 
Aram et al, 2020; He et al., 2022; Solanki et al., 2023).
There is no information on DEFB126 expression 
in the reproductive system of the male dromedary 
camel. The current work investigates the localization 
pattern and expression of the DEFB126 protein in 
the camel sperm, testis, epididymis, vas deferens, 
prostate, and bulbourethral glands in the rutting season 
using immunohistochemistry (IHC) and quantitative 
polymerase chain reaction (qR-PCR) techniques.

Materials and Methods
Sampling and ethical approval
All animal samples were collected in the middle of the 
rutting season (December and January). The sample 
procedures followed the animal protocol authorized by 
King Faisal University’s ethics committee (Ref. No. 
KFU-REC-2023-FEB-ETHICS614).

Semen collection and sperm sampling
Five healthy, adult dromedary camels were used to 
produce ejaculated semen samples following the 
established standards for ethical treatment of animals 
(Tingari et  al., 1986; Al-Shabebi et  al., 2021). The 
animals were provided by the Camel Research Centre, 
King Faisal University-Al-Ahsa, Saudi Arabia. After 
being cleaned with phosphate-buffered saline (PBS), 
the semen  samples were centrifuged twice for 5 
minutes at room temperature (RT) at 2,000 rpm. Sperm 
were then diluted to around 20 × 104 cell/ml in PBS and 
counted using a Makler chamber. Following smearing 
on Superfrost® slides, the sperms were air-dried and 
kept at −20°C until needed for further investigations.
Camel epididymal semen was collected from Al Omran 
abattoir, Al-Ahsa, Saudi Arabia. Samples were collected 
within 30 minutes of slaughtering from the epididymal 
tails of five adult camels. In each instance, a small incision 
was made in the epididymis wall, and the semen was 
carefully extracted and transferred into sterile, collection 
tubes. 20 μl of semen and 200 μl of PBS were combined. 
The mixture was then applied directly onto Superfrost® 
slides, air-dried, and stored at −20°C until further use.
Tissues samples
Tissue samples of various organs from 10 clinically 
healthy adult dromedary camels (aged ≥ 5 years) were 
obtained from the previous abattoir. These animals 
had not been used before in this study. These included 
the testicles (seminiferous tubules and rete testis), 
epididymis (head, body, and tail), vas deferens (initial, 
middle, and ampullary parts), prostate gland (corpus 
and disseminated parts), and bulbourethral gland.
Immediately after collection, tissue samples were fixed 
in 10% buffered formalin for 36 hours to preserve 
their integrity for subsequent IHC analysis. Within 10 
minutes of evisceration, additional samples of the same 
organs were frozen in liquid nitrogen at −80°C and 
stored for the qR-PCR procedure.
IHC technique
Immunostaining of sperm
For sperm immunostaining, sperm-smeared slides from 
fresh and epididymal sperm samples were encircled 
with the PAP pen (Cloud-Clone Corp., USA, cat. no. 
PAQ483Hu01). After 5 minutes of PBS incubation, 70 
μl of normal goat serum (NGS) (Abcam, Inc., cat. no. 
ab7481) at a 1:20 dilution was applied, and the slides 
were incubated for 10 minutes at RT. Then, each slide 
received 100 μl of the primary antibody (diluted 1:100) 
and was incubated for an hour at RT. For 5 minutes, 
PBS washing was done on each slide three times. The 
slides were then treated with a 1:100 dilution of goat 
anti-rabbit fluorescent secondary antibody (Abcam, 
Inc., cat. no. ab6717) and incubated for 2 hours at 
RT in a dark environment. The slides were cleaned in 
between each reagent application. A cover slip made 
of an aqueous, non-fluorescent mounting solution 
was placed over the plates. Immediately, a fluorescent 
microscope (Fully Automated Upright Microscope, 
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Leica DM6000 B, Germany) was used to visualize and 
analyze the slides.
Immunostaining of tissues
Samples fixed in formalin were dried using a series of 
ethanol, cleared in xylene, and inserted into paraffin wax 
for tissue immunostaining. Using a microtome (Leica, 
Germany), sections 4 µm thick were cut and then put on 
Superfrost slides (VWR, cat. no. 631-0108). Following 
that, sections were stained using the avidin-biotin-
peroxidase complex method (Hsu et al., 1981; Adeghate 
et  al., 2001) using rabbit polyclonal anti-human 
BEFD126 antibody (1:100) (cat. no. PAQ483Hu01, 
Cloud-Clone Corp. USA) (Table 1). Antigen-retrieval 
buffer (sodium citrate 50 mM, pH 6.0) was made and 
heated to 100°C for 20 minutes to enhance the epitope 
access immunostaining signal. The tissue slides were 
treated for 10 minutes with 90 μl of 3% hydrogen 
peroxide, 10 minutes with NGS (Cloud-Clone Corp. 
USA, Inc., cat. no. PAQ483Hu01) at a 1:100 dilution, 
and 1 hour at RT with diluted primary antibody (dilution 
1:100). Next, a secondary goat anti-rabbit biotinylated 
antibody (ab64261, Abcam, Cambridge, UK) was 
applied for 1 hour at RT. After that, the slides received 
an incubation for 30 minutes at RT. For 20 minutes, each 
slide was treated with streptavidin HRP (Abcam, Inc., 
cat. no. ab64269). An appropriate 3,3’-diaminobenzidine 
tetrahydrochloride chromogen substrate was added for 5 
minutes to create the color. Among each reagent, PBS 
was utilized for the wash operations. The slides were 
then counterstained with hematoxylin, dehydrated, 
cleared, and then mounted with DPX. Samples were 
then inspected under a light microscope (Microscope 
Leica DM6000 B, Germany) connected to a digital 
camera (Leica DFC420, Germany).
Immunoreactive staining positivity was assessed as 
(++++) strong, (+++) moderate, (++) weak, and (+) 
very weak. 
Quantitative real-time polymerase chain reaction (qRT-
PCR) technique
50 mg of the tissue samples were collected using the 
qRT-PCR method on a Bead Ruptor Homogenizer 
(OMNI International, NW Ken Nesaw, GA, USA). To 
extract the whole RNA, TRIzol® Reagent (Invitrogen, 
Carlsbad, CA, USA) was done as directed by the 

manufacturer. Next, the RNA was suspended in ultrapure 
diethylpyrocarbonate (DEPC)-treated RNase-free water 
(Invitrogen, USA) using chloroform and isopropanol. 
After that, the purity and concentration of the total RNA 
were assessed using the BioTek Synergy HTX reader 
(BioTek, USA). Subsequently, the purity RNA was 
reverse-transcribed to cDNA with the iScript cDNA 
Synthesis Kit (BioRad, Hercules, CA, USA) in a 20 μl 
total volume mixture that included 4 μl iScript® Reaction 
Mix, 1 μl iScript® Reverse Transcriptase, and nuclease-
free distilled water. The mixture was then incubated at 
25°C for 5 minutes, 46°C for 20 minutes, and 95°C for 
60 seconds to deactivate the reverse transcriptase. The 
CFX96® Touch Real-time PCR (BioRad, USA) and 
SsoAdvanced SYBR Green Supermix dye (BioRad, 
USA) were used to conduct the qPCR experiment. The 
camels DEFB126 and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) genes were examined using 
the gene-specific primers in Table 2. 10 µl of the master 
mix, 2 µl of each forward and reverse primer pm/µl, 
2 µl of the specimens’ cDNA, and 4 µl of nuclease-
free water comprised the 20 µl reaction mixture. The 
thermal cycling program as follows: 30 seconds at 95°C 
followed by 40 cycles at 95°C for 15 seconds; after that, 
30 seconds at 60°C, and 10 seconds at 72°C.
To demonstrate fluorescence emission, every cDNA 
template was used in duplicate. The CFX Mana 
gerTM software V3.1 (BioRad, Hercules, CA, USA) 
was used to automatically calculate the corresponding 
levels of expression of the DEFB126 gene by fold 
change using the 2-ΔΔCt (delta-delta cycle threshold) 
method, applying the housekeeping GAPDH gene as a 
reference.
Statistical analysis
The data for the DEFB126 gene were analyzed by 
applying SPSS® 16 software. One-way analysis of 
variance (one-way) via post hoc analysis was used to 
compare the variance expressions’ mean ± SE of the 
different organs (10 variables for 11 parameters).

Results
Detection of DEFB126 in the sperm
The fresh and epididymal sperms showed a positive 
immunoreaction to DEFB126 antibodies (Table 3). 

Table 1. Showing primary antibodies used to determine protein distribution in the camel sperm and tissues.

Name Company name Cat. Number Source Dilution
Beta-defensin 126 
(DEFB126)

Cloud-Clone Corp. 
(USA) PAQ483Hu01 Rabbit polyclonal 1:100

Table 2. Showing the real-time qPCR oligonucleotide primers that used on qRT-PCR.

Target gene Gene bank ID Primers sequence product size(bp)

BEFD126 XM_010993910.1
FP:GGGAAAATGCAGGAGCATGTG

131
RP: CGGTAGTTGCCATGGTTGAG
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The expression of this protein showed identical spatial 
patterns in both types of sperm and no differences in 
localization. However, the fresh sperm exhibited better 
response resolution than the epididymal sperm. The 
acrosomal cap was stained more strongly than the 
midpiece. The sperm’s equatorial band, post-acrosomal 
cap, neck, annulus, and tail showed no apparent staining 
(Fig. 1).
Immunohistochemistry of the male reproductive tract 
(MRT)
DEFB126 antibodies showed positive staining in the 
MRT organs with different intensities (Fig. 2).
Both round and elongated spermatids in the seminiferous 
tubules of the camel’s testis exhibited weak staining for 
DEFB126. Notably, other cells within the seminiferous 
tubules showed no signs of staining. Furthermore, a 
very mild stain was observed in the lining epithelium 
of the rete testis (Fig. 3).
The pseudo-stratified epithelial cells in the head, body, 
and tail of the epididymis showed different DEFB126 

staining patterns. The staining was fainter in the basal, 
principal, and stereocilia cells at the head and body but 
more intense in the tail (Fig. 4).
A moderate amount of DEFB126 protein was found 
in the initial, middle, and ampullary parts of the vas 
deferens’ epithelial layer (Fig. 5).
The glandular epithelium of the male camel 
accessory glands exhibited a negligible amount of 
DEFB126 protein. The compact prostate showed a 
modest response to the DEFB126 antibodies, but the 
disseminated prostate and bulbourethral gland had a 
weak response (Fig. 6).
qRT-PCR
The expressed level of DEFB126 mRNA in the testis, 
epididymis, vas deferens, prostate, and bulbourethral 
glands of the dromedary camel is represented in Figure 
7. The seminiferous tubules and rete testis sections 
of the camel’s testis exhibited a modest degree of 
DEFB126 expression. While the two portions of the 
epididymis had the same expression, the tail component 

Table 3. Showing summary for the distribution and localization of DEFB126 on the camel sperm.

Sample type AC EB PAC N MP A T
Fresh sperm + − − − + − −
Epididymal sperm + − − − + − −

(+), positive; (−), negative; A, annulus; AC, acrosomal cap; EB, equatorial band; MP, midpiece; N, neck; PAC, post-acrosomal 
cap; T, tail.

Fig. 1. DEFB126 protein immunostaining for fresh (A, a) and epididymal (B, b) 
sperm of dromedary camels with fluorescent and chromogenic stains. Arrows indicate 
the immunostaining of DEFB126 protein on sperm. (60×, scale bar = 10 μm).
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Fig. 2. Showing the intensity of DEFB126 protein in the dromedary camel’s male 
reproductive system. The level of positivity for immunoreactive staining was rated 
as (++++) strong, (+++) moderate, (++) weak, (+) very weak. BU, bulbourethral 
gland; DA, ampulla; DI, vas deferens initial part; DM, vas deferens middle part; EB, 
epididymis body; EH, epididymis head; ET, epididymis tail; PC, prostate compact; 
PD, prostate disseminated; ST, seminiferous tubules; TR, rete testis.

Fig. 3. Immunoreactive staining of the camel’s testis with DEFB126 antibody showing 
a weak reaction in the seminiferous tubules (spermatids) and the lining epithelium of 
the rete testis. (A) +ve, DEFB126 for seminiferous tubules, 40×; (B) +ve, DEFB126 
rete testis, 40×; (a) and (b) negative control for seminiferous tubules and rete testis, 
respectively. 20×; (1) and (2) spermatids; (arrow) lining epithelial cells.
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exhibited more significant percentages of DEFB126 
mRNA expression (p < 0.05) than the head and body 
parts. In the other parts of the MGT, the vas deferens 
and the male accessory glands revealed moderate to 
weak expression of DEFB126 mRNA.

Discussion
DEFB126 protein’s presence in camel sperm 
may influence the sperm’s transit into the female 
reproductive system. It can also control sperm-egg 
contact, capacitation, and sticking to the oviduct 
epithelium, as suggested earlier by Xin et al. (2016). 
Additionally, it backed up the theory that DEFB126 
provides an immunoprotective layer to sperm traveling 
to the upper female reproductive system, which helps 
them pass through cervical mucus and be preserved 
(Yudin et al., 2003; Yudin et al., 2005; Tollner et al., 
2011; Tollner et al., 2012).

In this investigation, DEFB126 was found in the 
fresh and epididymal sperm of the dromedary camel. 
It displayed intense staining in the acrosomal cap 
and limited low staining in the midpiece. As known, 
the sperm acquire epididymal proteins through 
epididymosomes (Barrachina et al., 2022); the present 
result supports the findings of Yudin et  al. (2003), 
who reported that the DEFB126 protein is produced 
by the principal cells of the epididymal epithelium. 
It is maximally expressed in the distal head, and the 
proximal tail is added to the entire surface of the 
ejaculated macaque sperm, which decreases on the 
head and midpiece after capacitation. Furthermore, 
Tollner et  al. (2008) recorded that in the macaque 
monkey, this protein was coated on the entire surface of 
the sperm during passage through the epididymis tail. 
They also observed it on the sperms collected from the 
female reproductive tract of the same animal.

Fig. 4. Immunoreactive staining of the camel’s epididymis showing moderate reaction 
with DEFB126 antibody in the head (A) and body (B), whereas, the tail (C) has a 
strong immunoreaction. ×40; (a), (b) and (c) are negative control for epididymal head, 
body and tail in that order. ×20; (1) Basal cells; (2) Principal cells; (3) Stereocilia.
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Despite the DEFB126 protein localized in the acrosomal 
cap of the sperm of the camel, it was found over the 
whole mouse sperm surface, except in the equatorial 
region (Yudin et al., 2008). In contrast, it was reported 
only in the bovine epididymal sperm’s tail (Narciandi 
et al., 2016). At the same time, Fernandez-Fuertes et al. 
(2016) observed that it was found in the bull sperm’s 
tail and post-acrosomal region.
The epididymis tail and vas deferens showed high 
expression of the DEFB126 protein in this study. In 
contrast, it was weak in the camel’s testes and moderate 
in the epididymis’s head and body. Nonetheless, 
DEFB126 protein was found in the epithelial cells of 
the epididymis tail and vas deferens of bulls but not in 
the epididymis head, testis, or body. This information 
was reported by (Narciandi et al., 2016).
As is known, during their migration through the 
epididymis, immature sperm are submerged in region-

specific epididymal fluid, which causes their surface 
proteins to be added, deleted, and modified sequentially. 
This process eventually gives the sperm the ability to 
move and fertilize (Dacheux et al., 2003; Gatti et al., 
2004; Cornwall, 2014). In addition, proteins can be 
released in the tail of the epididymis to preserve sperm 
metabolic quiescence and avoid premature sperm 
activation and capacitation (Ni et al., 2009; Baskaran 
et  al., 2020; Chen et  al., 2020). Thimon and others 
have observed DEFB126 being generated in the human 
and macaque epididymis bodies and tails (Yudin et al., 
2003; Thimon et  al., 2007). The previously reported 
findings were consistent with the current investigation, 
which elucidated DEFB126 expression in the camel’s 
epididymis, particularly the tail.
The expression of DEFB126 mRNA in the epididymis 
and vas deferens of humans, bovines, and buffalo as 
reported by (Thimon et  al., 2007; Narciandi et  al., 

Fig. 5. Immunoreactive staining of the vas deferens of the dromedary camel showing 
a moderate reaction with DEFB126 antibody in the initial (A), middle (B) and 
ampullary parts (C). ×40; (a), (b) and (c) are negative control for initial, middle and 
ampullary parts, respectively. ×20; (1) Columnar epithelium, (2) Basal cell.
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Fig. 6. The dromedary camel’s accessory glands immunoreactive stain revealing 
a weak reaction with the DEFB126 antibodies in the compact prostate (A), weak 
immunoreaction in the disseminated prostate (B) and bulbourethral gland (C), ×40. 
(a) negative control for a compact prostate, (b) for a dispersed prostate and (c) for 
bulbourethral gland, ×20. (1) Secretory epithelium, (2) Lumen of the secretory units.

Fig. 7. Comparison of DEFB126 mRNA expression in the testis and epididymis 
of the dromedary camel. BU, bulbourethral gland; DA, ampulla; DI, initial 
part of vas deferens; DM, middle part of vas deferens; EB, epididymis body; 
EH, epididymis head; ET, epididymis tail; PC, prostate compact; PD, prostate 
disseminated; RT, rete testis; ST, seminiferous tubules.
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2011; Batra et al., 2019), respectively, aligns with our 
findings in camels. This expression agrees with existing 
research and reassures us of the validity of our findings 
and their relevance to the field of reproductive biology.
Moreover, this study noticed a high expression of 
DEFB126 mRNA in the epididymis tail as sperm 
storage and less in other examined tissues of MRT. The 
same finding was mentioned in the different parts of the 
MRT of the ram; it showed the highest expression in 
the epididymis tail, a moderated in the head and body 
of the epididymis as well as in the testes (Hall et al., 
2017). According to Batra et al. (2019), the epididymis 
tail has more significant levels of DEFB126 mRNA 
expression than the epididymis head. These statistics 
are similar to those discovered in the current study on 
the epididymis of camels.
Narciandi et  al. (2016) quantitative analysis showed 
notable staining of DEFB126 protein in bull seminal 
fluid, suggesting that this protein was produced from 
the male accessory glands. Our finding of DEFB126 
protein in the male accessory glands of the camel may 
support this suggestion.

Conclusion
The DEFB126 protein is a highly expressed gene and 
protein in the camel’s epididymis tail. Furthermore, it 
significantly concentrated on the acrosomal cap of the 
epididymal and fresh sperm. The investigation showed 
no discernible difference between camels and other 
animals or primates regarding BBD126 expression. 
These findings sported the previously suggested 
function of DEFB126 as linked to sperm maturation, 
capacitation, providing an immunoprotective layer 
for survival through cervical mucus and in the female 
reproductive canal, and sperm-zona recognition 
fertility. Thus, this protein’s presence, especially in 
sperm, suggested that the sperm were good quality and 
might help reduce camel infertility issues.
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