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Abstract

Male camel infertility is a heterogeneous disorder. A variety of factors may adversely impact
sperm production and function and impair fertility. Twenty-six male dromedaries (4—14 years old)
were used in this study during the rutting season. Four sexually mature male camels were used to
develop and validate a procedure for testicular biopsy in dromedary camels. No undesirable side
effects in testicular function were apparent after use of an automatic biopsy gun. In 22 infertile male
dromedaries, an algorithmic approach based on information collected during a careful history, clinical
examination, testicular evaluation, testicular ultrasonography, the results of the semen analyses, and
testicular biopsy was used to diagnose infertility. In diagnosis of male camel infertility, the results of
testicular ultrasonography and testicular biopsy were correlated identically. Testicular biopsy is a
promising method that, along with carefully performed history, appropriate testicular ultrasonography
procedure and semen analysis, can afford the veterinarian the opportunity for more precise diagnosis
and treatment of male dromedary infertility disorders.
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Introduction

The reproductive rate in Camelidae has been described as low."* Many theories have been
advanced to explain this low reproduction rate based on physiological characteristics of these species.’
Management may explain some of the reproductive failures but a substantial number of infertility
problems are due to pathological processes in the male genitalia.

There are limited reports on the pathology of the male reproductive tract in Camelidae.
Although the guidelines for breeding soundness examination of male camelids are in their infancy,
there is evidence that thorough examination of males may help to identify many infertility problems.'
It is very important that all studs be examined for at least the following parameters: testicular size,
testicular consistency, ability to extend the penis and ability to ejaculate and produce viable semen.
The average testicular length and width are 9.1 cm and 5.1 cm, respectively, for male dromedaries
three years and older during the breeding season.' The testes should be resilient and non-painful.
Each part of the genital tract can be the site of congenital or acquired lesions that need to be
identified.* Scrotal and testicular pathology in the camelid can be acquired (trauma ,orchitis,
hydrocele, degeneration) or congenital (hypoplasia, cryptorchidism).! Several other reproductive
problems are reported in the Camelidae but their exact etiology is not known. Amongst the most
commonly reported problems are absent or reduced libido, ejaculatory problems and unexplained sub-
fertility or infertility.’

Testicular ultrasonography in camels is a very important technique for the evaluation of the
testicular parenchyma as well as the surrounding tissues." Moreover, testicular biopsies are useful
procedures in the evaluation of testicular function in llamas.’

This study was designed to develop and validate testicular biopsy for assessment of the
reproductive status of infertile male camels.

Materials and methods

A total of twenty-six male dromedary camels (4—14 years old) were used in this study during
the rutting season (November to May).® Four dromedaries were used as controls for development
and validation of testicular biopsy in male camels. These animals were housed at the Camel Research
Center at King Faisal University. The animals were healthy, weighed 400—700 kg with a history of
normal fertility. They were maintained under standard conditions of feeding and management. Each
male camel was housed separately in a 12 x 6 m paddock and fed 3-4kg barley per day. Rhodes grass
and water were provided ad libitum. Twenty-two infertile male camels were admitted to the
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Veterinary Teaching Hospital, College of Veterinary Medicine and Animal Resources, King Faisal
University and were subjected to the following examinations:

Reproductive history
A full reproductive history of the animal was recorded which included the breed, age,
management, libido and the owner’s complaint.

General physical examination
A general physical examination was conducted with emphasis on systemic problems or poor
body condition score.

Testicular evaluation

Testicular size, mobility and consistency were examined carefully by palpation. Any
morphological, congenital or pathological lesions of the testes were recorded. The length and width
of each testis were measured using vernier calipers.

Testicular ultrasonography

Ultrasonographic examination of the scrotum and its contents was conducted subsequent to
scrotal palpation. Ultrasonography of the testes was performed by direct manual manipulation of a
convex multi-frequency transducer (1-15 MHz; Prosound SSD-3500SX, Aloka Co., Ltd; Tokyo,
Japan). The testis was examined by placing the probe in a vertical position then in a horizontal
position and sweeping it along the whole surface of the organ. Testicular ultrasonography used for
the evaluation of the testicular parenchyma as well as the surrounding tissues.

Collection and evaluation of semen

Collection of semen from male camels was carried out using an electro-ejaculator
(ElectroJac® 5; Ideal Instruments, Neogen Co., Lansing, MI) as described in an earlier study.7
Immediately after collection, semen samples were evaluated for physical, morphological and
physiological characteristics.

Testicular biopsy

Development of the procedure. Testicular biopsy was developed in two stages. In the first
stage, the suitability of the instruments and the size of the biopsy specimens for histopathological
study were tested. To achieve this goal, biopsies were performed on ten camel testes in the laboratory
using a disposable automatic gun (14, 16, and 18 gauge; Speedy-Ram®, RLMOS, Mirandola, Italy).
The biopsy tissues were placed in 10% formaldehyde solution and processed for histopathological
examination.

In second stage, potential damage to testicular function was assessed. Four sexually mature
male camels with a history of normal fertility were used. Results of the physical examination and
testicular ultrasonography were within normal limits and semen was of acceptable quality (Figure 1;
Tables 1 and 2). Prior to surgery, camels were sedated with a mixture of xylazine (0.15 mg/kg) and
ketamine hydrochloride (2.5 mg/kg) administered intravenously® while restrained in sternal
recumbency. The scrotal surface was prepared for aseptic surgery and painted with a local anesthetic
gel (Lidocaine 5%, Julphar, U.A.E.). The area for puncture was covered with a sterile towel with a 12
cm x 6 cm fenestration. The testis was held firmly in the scrotum so as to tighten the scrotal skin over
the testis. The biopsy sample was obtained using the 14 and 16 gauge automatic gun at the midpoint
of the posterior border of the testis. The tissues were placed in 10% formaldehyde solution and
processed for histopathological examination (Figure 5). The animals were observed for seven days
after surgery to detect any detrimental effects of the procedure. Seventy-eight days after the biopsy,
physical examinations, testicular ultrasonography and semen analysis were performed.

Evaluation of reproductive dysfunction. Testicular biopsies were performed in the infertile
male dromedaries with a 16-gauge needle when the results of the physical and ultrasonographic
examinations did not yield a clear diagnosis of the cause of infertility or in cases of unacceptable
semen quality.
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Statistical analysis
Data are presented as means + SEM and the analysis was conducted using Stastical Package
for Social Sciences, version 16.0.°

Results

During development of the biopsy procedure it was found that the use of the 18-gauge needle
did not yield a tissue sample containing a sufficient number of tubules to permit a histopathologic
diagnosis. When biopsies were performed in the control animals, a small amount of hemorrhage was
observed immediately after the samples were obtained in three of four camels (six of eight testes;
75%). Hemorrhage persisted for three minutes after the sample was obtained followed by slight
testicular swelling for five days in one testis (one of eight; 12.5%). No other clinical changes were
observed in any of the control animals. When physical and ultrasonographic examinations and semen
evaluation were performed 78 days after the biopsies were performed, abnormalities were not
observed and semen quality was acceptable (Table 2). Results of examination of the testes of the
infertile animals are shown in Table 3.

Testicular texture
The texture of testes was palpably normal in four cases (18.2%), soft in 14 cases (63.6%) and
hard in four cases (18.2%).

Testicular size

Testicular length and width (means + S.E.M.) of the control and infertile dromedaries were
9.6+0.2and 4.8 +0.1 cm; and 9.3 £ 1.1 and 4.7 + 0.6 cm, respectively. However, in cases of
testicular hypoplasia, these measurements were 5.5 + 1.5 and 3.1 £ 0.7 cm, respectively (Table 1).

Testicular ultrasonography

The image obtained from normal testes showed a peripheral area of homogenous tissue
corresponding to the testicular parenchyma and a central echogenic area corresponding to the fibrous
rete testis (Figure 1)." In the majority of the infertile animals (19 of 22; 86.4%), mild to severe
degeneration of the testicular parenchyma characterized by loss of its homogeneous appearance due to
the presence of localized lesions such as cysts or fibrotic nests was observd during the
ultrasonographic examination (Figure 2) Testicular hypoplasia was diagnosed in three (13.6%)
infertile animals on the basis of measurements obtained with electric calipers (Table 3; Figure 3).'
Testicular fibrosis was characterized by hyper-echoic areas in the testicular parenchyma (Figure 4).

Semen evaluation

Evaluation of semen samples from the infertile male dromedaries showed seven cases
(31.8%) of oligoasthenozoospermia, six cases (27.3%) of athenozoospermia, six cases (27.3%) of
azoospermia, two cases (9.1%) of oligozoospermia and one (4.5%) case of teratozoospermia (Table
3).
Histopathology

Histopathologic examination of the testicular biopsy specimens from infertile camels showed
mildly degenerated semineferous tubules containing multiple cell layers of scattered spermatocytic
cells with pyknotic nuclei in addition to few spermatids and surrounded by excess numbers of Leydig
cells (Figure 6). Severely degenerated seminiferous tubules were lined by only one layer of Sertoli
cells and contained primary spermatocytic cells with pyknotic nuclei (Figure 7). Some testicular
biopsy specimens from infertile dromedaries contained interstitial fibrosis accompanied by mildly
degenerated seminiferous tubules that contained vacuolated Sertoli cells and few spermatids (Figure
8). Histopathologic findings were compared to the abnormalities observed with ultrasonography and
were found to be correlated in all cases of infertility (Table 3).

Discussion

Under the conditions of this study, the disposable automatic gun with an 18-gauge needle was
found to yield tissue samples with an insufficient number of seminiferous tubules. Biopsy
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instruments used in stallions,'® llamas® and bulls'' utilized a 14-gauge needle and resulted in no
difference between the biopsied and the non-biopsied testis. Other investigators have used a 12-gauge
split needle biopsy needle in boars, rams, bulls and pony stallions with no deleterious effects.'?

In the present experiment, short-term changes appeared in the biopsied testes. Similar
findings were reported in stallions'® and bulls."" No untoward effects were observed in the testicular
parenchyma or semen characteristics when control animals were examined 78 days after tissue
samples were obtained. The mean number of progressively motile and morphologically normal sperm
was not significantly different before and after the biopsy procedure. Similarly, there was no
reduction in the number of normal seminiferous tubules seen in histologic sections obtained from
llamas six weeks after a needle biopsy”’ and there was no evidence of testicular atrophy in men
following a testicular biopsy.'* The safety of needle biopsies has been demonstrated in dogs,"
humans'® and stallions."”

The testicular length and width in infertile dromedaries were similar to those reported for
normal adult (three years and older) dromedary camels' which indicates that no changes in testicular
measurements occur in the presence of testicular degeneration and fibrosis.

Ultrasonograpic imaging systems have provided new methods for diagnostic examinations of
pathological conditions of the genital system of domestic animals.'®' The similarity found between
the results of testicular biopsies and testicular ultrasonography supports the use of biopsies as a
diagnostic tool in the evaluation of testicular function. Biopsies could provide a clinically useful tool
in the evaluation of potential breeding ability in dromedaries as well as aid in the investigation of
infertility as has been described in other animals.'>***' Taken together, semen analyses and either
testicular ultrasonography or testicular biopsy could be used for predicting infertility in male
dromedaries.

Conclusion

Testicular biopsy should probably be reserved for cases where a fertility problem is suspected
but cannot be confirmed through more conventional means of fertility evaluation, or in cases where a
problem has been identified and a definitive diagnosis is desired.

Acknowledgements
This project was funded by the Deanship of Scientific Research, King Faisal University,
Kingdom of Saudi Arabia. The authors thank Mr. A.A. Alsumait for his technical assistance.

References

1. Tibary A, Anouassi A: Theriogenology in Camelidae: anatomy ,physiology, pathology and artificial breeding.
Actes Editions: Institut Agronomique et Vétérinaire Hassan 1I; 1997.

2. Kaufmann BA: Reproductive performance of camels (Camelus dromedarius) under pastoral management and its
influence on herd development. Livest Prod Sci 2005;92:17-29.

3. Tibary A, Anouassi A: Reproductive disorders in the male camelid. In: Skidmore JA, Adams GP, editors. Recent

advances in camelid reproduction. Ithica (NY): Int Vet Inform Serv 2000 Nov [cited 2010 Jan 12]; [about 4 p.].
Available from: www.ivis.org

4. Tibary A, Memon MA: Reproduction in the male South American camelidae. ] Camel Pract Res 1999;6:235-248.

5. Heath AM, Pugh DG, Sartin EA, et al: Evaluation of the safety and efficacy of testicular biopsies in llamas.
Theriogenology 2002;58:1125-1130.

6. Arthur HG, Rahim AT, Hindi A: Reproduction and genital diseases of the camel. Br Vet J 1985;141:650-659.

7. Tingari MD, Manna MM, Rahim AT, et al: Studies on camel semen. I. Electroejaculation and some aspects of
semen characteristics. Anim Reprod Sci 1986;12:213-222.

8. AL-Mubarak Al, Abdin-Bey MR, Ramadan RO: A retrospective clinical evaluation of xylazine-ketamine total
intravenous anesthesia (TIVA) in dromedary camels. J Camel Pract Res 2008;15:201-203.

9. SPSS: Statistical Package for Social Science. SPSS Inc, Chicago, IL, USA Copyright© for Windows 2007; version
16.0.

10. Faber NF, Roser JF: Testicular biopsy in stallions: diagnostic potential and effects on prospective fertility. J
Reprod Fert Suppl 2000;56:31-42.

11. Heath AM, Carson RL, Purohit RC, et al: Effects of testicular biopsy in clinically normal bulls. J Am Vet Med
Assoc 2002;220:507-514.

12. Galina CS: An evaluation of testicular biopsy in farm animals. Vet Rec 1971;88:628-631.

13. DelVinto VR, Amann RP, Trotter GW, et al: Ultrasonographic and quantitative histologic assessment of sequelae

to testicular biopsy in stallions. Am J Vet Res 1992;53:2094-2101.

Clinical Theriogenology « Volume 3 Number 2 « June 2011 108



14. Steele EK, Ellis PK, Lewis SEM, et al: Ultrasound, antisperm antibody, and hormone profiles after testicular trucut
biopsy. Fertil Steril 2001;75:423-428.

15. Lopate C, Threlfall W, Rusol T: Histopathologic and gross effects of testicular biopsy in the dog. Theriogenology
1987;32:585-602.

16. Mallidis C, Baker H: Fine needle tissue aspiration biopsy of the testicle. Fertil Steril 1994;61:367-75.

17. Blanchard TL, Varner DD: Evaluating breeding soundness in stallions-4: hormonal assay and testicular biopsy.
Vet Med 1996;91:358-365.

18. Kahn W: Veterinary reproductive ultrasonography: horse, cattle,sheep, goat, pig, dog, cat. Hanover: Schlutersche
Verlagsgesellschaft mbH & Co; 1994.

19. Brook FM, Kinoshita R, Brown B, et al: Ultrasonographic imaging of the testis and epididymis of the bottlenose
dolphin, Tursiops truncatus aduncas. J Reprod Fertil 2000; 119:233-240.

20. Veeramachaneni DNR, Ott RS, Heath EH: Pathophysiology of small testes in beef bulls: relationship between

scrotal circumference, histopathologic features of the testes and epididymides, seminal characteristics, and
endocrine profiles. Am J Vet Res 1986; 47:1988-99.

21. Meyers-Wallen VN: Clinical approach to infertile male dogs with sperm in the ejaculate. Vet Clin North Am
Small Anim Pract 1991;21:609-633.

Table 1: Testicular length and width (mean = SEM) in male dromedaries.

Testicular state Length (cm) Range Width (cm) Range

Control 9.6'+£0.2 8.4-104 4.8+0.1 44-52

(normal testes) (n=8) (n=8)

Degeneration and 9.3+ 1.1 74-12.0 4.7+ 0.6 3.8-6.2

fibrosis (n=37) (n=37)

Hypoplasia 55°+1.5 35-74 3.1*+0.7 23-4.1
(n=6) (n=06)

Means with dissimilar superscripts in the same column are significantly different at P<0.05

Table 2: Semen analysis of the control dromedary camels before and 78 days after testicular biopsy
(mean + SEM).

Semen parameters Before testicular biopsy 78 days after testicular
biopsy
Motility % 77.5£6.23 73.50 +8.29
Sperm concentration ( x10°/ml) 364.75 + 58.08 350.00 £ 79.06
sperm abnormalities % 18.75+7.14 16.25 £10.78
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Table 3: Testicular examination of the infertile male dromedaries.

Camel External testicular Testicular Testicular Semen analysis Histopathologic diagnosis
number evaluation Length x width ultrasonography
(cm)
1 Soft texture Left: 6.2x 3 Testicular hypoplasia, Teratozoospermia Testicular hypoplasia,
Right: 8.4x 4.4 Sever degeneration Mot'. 0 Conc?. 6 Sever degeneration
Abnorm®. 92
2 Hard texture Left: 9.6 x 4.4 Fibrosis and Azoospermia Fibrosis and degeneration
Right: 10.1 x 5.1 degeneration
3 Slightly soft Left: 8.0 x 4.0 Mild degeneration Asthenozoospermia Mild degeneration
Right: 8.7 x 4.9 Mot'. 30 Conc?. 420
Abnorm’. 57
4 Soft texture Left: 7.6 x 4.1 Mild - severe Asthenozoospermia Mild - severe degeneration
Right: 9.0 x 4.3 degeneration Mot'. 25 Conc?. 214
Abnorm’. 43
5 Soft texture Left: 9.8 x 4.1 Moderate degeneration Azoospermia Moderate degeneration
Right: 10.1 x 5.9
6 Soft texture Left: 7.4 x 4.1 Testicular hypoplasia Oligo- asthenozoospermia Testicular hypoplasia and
Right: 7.0 x 4.1 and degeneration Mot'. 10 Conc?. 26 degeneration
Abnorm’. 48
7 Soft texture Left: 10.5x 5.1 Moderate degeneration Asthenozoospermia Moderate degeneration
Right: 9.3 x 5.0 Mot'. 20 Conc?. 18
Abnorm’. 65
8 Small and hard Left: 3.5x2.3 Testicular hypoplasia Azoospermia Severe testicular
Right: 43x2.4 hypoplasia
9 Soft texture Left: 8.2x 4.0 Mild - moderate Azoospermia Mild - moderate
Right: 10.0 x 4.9 degeneration degeneration
10 Normal firm texture Left: 9.2x 4.3 Mild - moderate Asthenozoospermia Mild - moderate
Right: 9.2 x 4.5 degeneration Mot'. 5 Conc?. 394 degeneration
Abnorn?’. 75
11 Soft texture Left: 12.0x 6.2 Mild - moderate Oligo- asthenozoospermia Mild - moderate
Right: 11.5x 5.6 degeneration Mot'. 20 Conc?. 10 degeneration
Abnorm’. 25
12 Slightly soft Left: 8.0x 3.8 Moderate degeneration Oligo- asthenozoospermia Moderate degeneration
Right: 7.5 x 4.4 Mot'. 10 Conc’. 34
Abnorm’. 62
13 Unilateral aplasia, soft Left: 9.9x 4.7 Moderate degeneration Oligo- asthenozoospermia Moderate degeneration
texture Right: aplasia Mot'. 0 Conc”.53
Abnorm’. 57
14 Normal firm texture Left: 7.6 x 4.0 Mild degeneration Asthenozoospermia Mild degeneration
Right: 7.8 x 4.9 Mot'. 55 Conc?. 47
Abnorm?’. 39
15 Normal firm texture Left: 8.5x 4.4 Mild degeneration Azoospermia Mild degeneration
Right: 10.0 x 4.8
16 Slightly soft Left: 7.4 x 4.1 Mild degeneration Oligo- asthenozoospermia Mild degeneration
Right: 8.7x 3.9 Mot'. 10 Conc®. 12
Abnorm’. 68
17 Slightly soft Left: 9.9x 4.7 Mild degeneration Oligo- asthenozoospermia Mild degeneration
Right: 10.4x 5.5 Mot'. 30 Conc?. 26
Abnorm?’. 16
18 Hard texture Left: 9.5x5.3 Mild degeneration Oligozoospermia Mild degeneration
Right: 9.4 x 4.6 Mot'. 10 Conc?. 12
Abnorm’. 70
19 Slightly soft Left: 9.6 x 3.9 Moderate - severe Severe oligozoospermia Moderate - severe
Right: 9.7 x 4.3 degeneration Mot'. 0 Conc?. 9 degeneration
Abnorm’. 74
20 Unilateral hypoplasia, Left: 44.x2.9 Mild - moderate Asthenozoospermia Mild - moderate
slightly hard texture Right: 10.7 x 5.8 degeneration Mot'. 15 Conc”. 18 degeneration
Abnorm’. 66
21 Slightly soft Left: 8.5x 5.1 Mild degeneration Azoospermia Mild degeneration
Right: 8.6 x 5.0
22 Slightly soft Left: 10.0x 4.3 Moderate degeneration Oligo- asthenozoospermia Moderate degeneration
Right: 9.9 x 5.4 Mot'. 10 Conc?. 24
Abnorm’. 38

Mot' = Sperm motility %

Abnorm’® = Sperm abnormalities %
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Figure 1: Ultrasonography of a testis in a control dromedary showing a homogenous peripheral area
corresponding to the testicular parenchyma and a central more echogenic area corresponding to the
fibrous rete testis.
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Figure 2: Testicular degeneration in a camel (hypo-echoic areas in the testicular parenchyma).
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Figure 3: Testicular hypoplasia in a camel (hypo-echoic parenchyma)
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Figure 4: Testicular fibrosis in a camel (hyper-echoic parenchyma)
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Figure 5: Testicular biopsy of a camel showing a normal seminiferous tubule that contains multiple

cell layers of spermatocytic cells in addition to spermatids and surrounded by Leydig cells. H and E
X=400.
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Figure 6: Testicular biopsy of a camel showing a mildly degenerated seminiferous tubule (St) that
contains multiple cell layers of scattered spermatocytic cells with pyknotic nuclei (Sc), in addition to

few numbers of spermatids (Sd) and surrounded by excess numbers of Leydig cells (L). H and E
X=400.
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Figure 7: Testicular blopsy of a camel showmg a severely degenerated seminiferous tubule hned by
only one layer of Sertoli cells (white arrow) that contains primary spermatocytic cells with pyknotic
nuclei (black arrow) and associated with hyperplastic interstitial Leydig cells (L) and congested
capillaries (C). H and E X=400.

Figure 8: Testlcular blopsy of a camel showing a mlldly degénerate_d semlnlferous tubule that
contains vacuolated Sertoli cells (black arrow) and few spermatids (white arrow), in addition to an
excess of interstitial Leydig cells (L) and interstitial fibrosis (I). H and E X=400.
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