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SUMMARY

The present study was carried out on 18 purebred Arabian stallions
during a period of 4 years (1998 —2001). Animals were kept at Al Zahraa
Siud, Ain Shams, Cairo-Egyptl. According to breeding history, sexual
behavior and clinical examination, stallions were divided inio 3 groups:
fertile (n=8), subfertile (n—4) and infertile (n=6). Semen samples were
collected using artificial vagina and semen characteristic were evaluated.
After semen collection, blood samples were taken, and plasma was
separated after centrifugation, to measure the testosteronc level and
perform immunogenetic analysis. Results showed that fertile stallions
were characterized by significantly (p<0.05) increase in iotal (normal
and abnormal) motility, sperm cell concentration and incidence of live
spermatozoa and  significantly (p<0.05) decrease in total sperm
abnormalities. Meanwhile, infertile stallions revealed significantly
(p=0.05) increase in total sperm abnormalitics and decrease of sperm
cell concentrations total motility and live spermatozoa. Plasma
testosterone level (ng/ml) averaged 2.50 = 0.18 and 1.97 £ 0.25 for
fertiic and infertile stallions respectively. Concerning, immunogenetic
nalysis, results revealed that fertile stallions showed predominance of
Tf D . Fee2®, Es% and Gc gene markers while, sub fertile animals showed
hgh reqacncy of Ap and Ge® gcn«, markers. Infertile stallions revealed
high frequency of Es , G¢® and TI® with apparently absolute
predominance of Ge® gene marker (0.916). Correlation coefficient
showed that motility (mdividual and total), total motile sperm and alive
SpCrm Were posi itively 1'11gh1y significantly (p<0.001) correlated with
T, Foc2®, EsY and G¢© gene markers (r=0.84, 0.82, 0.83 and 0.74
respe ct_vclw) w}ma these parameters were negatively correlated with
T, Fe2®, GS gene markers (r=-0.84, -0.82, and -0.74 respectively). It
s concluded that semen characteristics in Arabian stallions are
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controiled by some gene markers which could be used for a future
prediction of fertility.

Key words: Semen, fertility, Arabian stallions, immunogenetic markers.

INTRODUCTION

The ability of the stallion to breed mares and get them pregnant
with subsequent birth of alive foal is a fundamenta! criterion to any
reproductive programme in horses (Hammes e? al., 1996).

Sexual behavioral parameters of Arabian stallion such as latency
to erection, latency to mount, latency to ejaculation and number of
mounts per ¢jaculate were affected by month of the year, age, season as
well as individual variations (Vinaya ef al., 1999 and Adel — Rahmman
2001).

Semen and seminal plasma as well as testosterone level of
Arabian stallion have been investigated in relation to breed difference
(AK-K ef al., 1994) as well as quantitative and qualitative characteristics
of semen were studied in stallion by Oba er al., 1993; Lendeberg et al.,
1999; Hafez and Hafez 2000 and Abdel- Rahmman, 2001.

The highly fertile stallion achieved 75-100% pregnancy rates
per-cycle. Such stallion has uniformly certain characteristics including
large normal testes, good mating technique, excellent sperm motility and
longevity, and few morphologically abnormal sperm (Hurtgen, 1997).

Infertility due to genetic causes has been discussed by Tainturier
et al. (1995) in stallions, and Larsen er gl (2001) in mares. This
phenomenon is common but frequently not recognized by farm manager
or mare owners. Investigations on the relationship between genetic
markers and variation in quantitative traits are of intercst from
perspectives of both theoretical quantitative genetics and practical
animal breeding, and this subject was studied through analysis of the
reproductive performance of Arabian stallion (Pikula ez al, 2001).

Immunogenetic markers associated with fertility status of
Arabian stallion had been established by many authors (Vega ef al.,
1998; Gralak e al, 2000; Nogaj and Nogaj 2000 and Pikula ef al.,
2001).

The present study aimed to evaluate the semen characteristics of
Arabian stailions with special reference to the immunogenetic markers.
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MATERIALS and METHODS

{I) Animals:

The present study was carried out on 18 purebred Arabian
stallions (aged 5-6 year) during a period of 4 years (1998- 2001).
Animals were kept at Al-Zahraa Stud Ain-Shams, Cairo, Egypl. Animals

rere housed in closed stables with open yard for exercise and they were
fed on balanced ration consisted of Barley and rice straw with green
fodder (Barseem or Darrawa). Special care for diseases control including
regular application of anti parasitic drugs (against external and internal
parasites) was taken in consideration.

(II) Experimental design:

During the experimental period (4year), stallions were closely
followed up and according to the breeding history, sexual behavior,
clinical examination and pregnancy rates (Kenney ef al., 1991), the
present stallions were divided into three groups:

Group (1): fertile stailions (n=8), which had no history of any
breeding problems with pregnancy, rate up to 70% and with apparently
healthy normal genitalia.

Group (2): subfertile stallions (n=4) were referred with a history
of a breeding problem that was subsequently determined not to be
attributable to the mares or infectious diseases. With pregnancy rate up
0 30% and with healthy normal genitalia. '

Group (3): infertile stallions (n=6) with diffcrent testicular and
scrotal affections (unilateral cryptorchidism, testicular degeneration and
orchit’s) with pregnancy rate <10%.

Semen colleetion and evaluation:

Semen samples were coflected from all stallions under
investigation using an artificial vagina. Samples were collected (3 times)
from each stallion at 15 days apart during spring and summer. Following
collection, all semen samples were evaluated according to Dowsetl and
Knott (1996). Ejaculate volume, gell free volume, gell volume, colour
score, hydrogen ion concentration, total (notmal and abnormal) motility,
progressive individual motility, density score, sperm cell concentration,
total sperm per ejaculate, total motile sperm, live sperm percentage and
sperm cell abnormalities were manually determined for such gjaculate.
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Blood sampling:

After semen collection, blood samples were collected from
jugular vein into clean dry sterile and heparinized vacutainer tube.
Samples were centrifugated for 5 min at 3000 r.p.m. Clear plasma were
aspirated by Pasteur pipettes and transferred into dry sterile labeled
stoppered EppendorfT vials and kept at — 20 °C till biochemical analysis.

Analysis:

(A) Quantitative measurements of festosterone: The
quantitative measurements of testosterone was carried out by using the
coat —A- count total testosterone coated tubes radioimmunoassay kit
provided by Biochemical laboratories U.S. Washington as described by
Blodow ef al. (1988). The assay had a sensitivity of 0.04 ng/ml with
inter and intra assay CVs both < 13%.

(B) Protein electrophoresis: Electrophoresis patierns of plasma
proteins was done by polyacrylamid gel electrophoresis according to
Carlstrom and Johnson (1983). Quantitation of different protein fractions
was made using image denistometer (Biorad G 700).

Genetic parameters:

(A) Immunogenetic markers: In the present study, 6 blood
protein loci were used as immunogenelic markers Albumin (Al),
transferrin (Tf), « - globulin (f«2); Estras (Es). Alkaline phosphates
(AP) and vitamin D binding protein (Ge).

(B) Heterozygosity (SH): The heterozygosity at the
electrophoretic loci that are all codominant unequivocally determined by
counting the number of heterozygous loci for each animal (Anderson
and Davies 1993).

(C) Gene Frequency: Gene frequencies were counted as the
expected Hard Weinberg proportion of heterozygous genotypes in that
particular phenotype class (Merkoreva, 1977 and Anderson and Davies
1993).

(E) Statistical analysis: The obtained data were statistically
analysis according to Spiegal (1988). Morcover, correlation coefficients
were estimated between genetic markers and semen characteristics.

RESULTS

The obtained results are presented in Tables (1-3). Table (1}
reveals the semen characteristics and plasma festosterone level in both
fertile and infertile stallions. The largest total ejaculate volume was
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found in sub fertile males, followed by the infertile ones and those with
high fertility. Meanwhile, the gell free volume and gell volume did not
vary among fertile and infertile stallions. The mass motility, percent of
total and progressive individual motility, sperm cell concentration, total
sperm per egjaculate, total motile sperm and [ive sperm percent
significantly increased, while, the hydrogen ion conceniration and
percent of abnormal motility and different types of sperm cell
abnormalities significantely decreased in fertile (Particularly those with
high fertility) than infertile stallions. Plasma testosterone levels revealed
no significant changes as regard to fertility (Table 1).

Electrophoretic patterns of plasma proteins are shown in Fig. (1).
Howecver, Table (2) reveals the genotyping and gene frequencics of 6
blood protein loci in relation to fertility in Arabian stallions. Results
indicated that high fertile stallions were characterized by high frequency
of TE? | Fxe2®, EsY | and Ge ¥ gene markers, while sub fertile ones
showed high frequency of Ap® and Ge ® gene marker. Infertile stallions
distinguished by high frequency of Es B Ge S and Tf° with
predominance of Es * (0.916).

Teble (3) showed correlations between immunogenetic markers
and semen characters. Results of comelation test showed highly
significant positive correlation (P< 0.001) between motility, live sperm
and total motile sperm with Tf°, Fec 2%, Es® and Ge' gene markers ,
while these parameters were negatively correlated with TfC, Fec 2% and
Ge® gene markers. Meanwhile total sperm cell abnormalities was
positively correlated with T and Fec 2° genc markers,

Coefficient of heterozygosity in studied stallions recorded 0.089
for fertile, 0.077 in sub fertile and 0.063 for infertile ones.

DISCUSSION

The close relationship between reproductive biclogy and genetic
improvement in farm animals has been recognized for a long time. A
high reproductive performance enables a reduction in generation length
and / or an increase in selection differential (Hafez and Hafez, 2000).

Immunogenetic markers that associated with the fertility of
Arabizn stallions have been established by many authors (Vega ef i,
1998: Gralak et ai., 2000, Nogaj and Nogaj 2000; Pikula ef ai., 2001 and
Larsen e al., 2001), :

In the present study, 6 blood protein loci were used as genetic
markers for investigating the immunogenetic constituents of Arabian



Assivt Vet, Med. J. Vol. 47 No. 94. July 2002

horses in relation to fertility status. Moreover, correlations were
estimated between genetic markers and semen characteristics in order to
predict the future fertility at younger ages depending upon gene markers
asscciated with high fertility. )

Concerning semen characteristics, the results of the present study
indicated that high fertile stallions were specially characterized by high
incidence of motile sperm and sperm cell concentration and low
incidence of sperm abnormality. These findings were in line with those
reported by AK-K er al. (1994) Vineyard ef al., (1999) and Altadena et
al, (2000) especially for gjaculate volume, sperm motility and alive
spermatozoa. Mcanwhile, dissimilar results were recorded by Hammes
et al. (1996) for thoroughbred stallion and the condition may be due 1o
the lowest genetic similarity between both breeds (Ilam, 1995 and
Cunningham, 1991). However, variation in semen quality among breeds
as indicator for fertility of stallion is common because there is no single
test that can serve as an absolute indicator of fertility for stallions (Peter
et al., 1991).

In the current investigation, plasma testosterone levels (ng/mil)
averaged 2.50 = 0.18 ng/ml in fertile and 1.97 £ 0.25 ng/ml in infertile
stallions. These results were more or less in accordance with those
reported by Mckinnon and Voss (1993) end Abdel Rahmman (2001) in
the same breed. However, higher testosterone levels were reported by
Abu Nawwara (2000) with average of 3.19 £ 0.12 and 2.91 £ 0.21 ng/ml
for fertile and infertile Arabian horses. Variations in testosterone levels
are attributed o seasonal effects( Mckinnon and Voss ,1993). Moreover,
it was reported that sexual behavior in horses is mainly affected by
plasma estradiol 17 B and cortisol levels rather than testosterone level
(Abdel Rahmman, 2001).

From the Immunogenetic point of view, constitution of genetic
markers of Arabian staliions allover the world has been studied
(Tomaszewska, 1994; Pikula ez al, 1997 and 20001 and Gronet, et al.,
2000). Also, relationships between specific genetic markers and fertility
status are argument for feriility (Langlois 1999; Niemczewski and
Zurkowski 2000 and Larsen ez al., 2001) and for infertility (Vijh ef al,
1990 and Hellander ef al., 1991).

In this study, it was found that fertile stallions that have good
semen quality showed predominance of TF®, Fo2® EsC and Ge© gene
makers. These results (specially for GceF gene marker) was similar to
those recorded by Carvalho ef al. (1998), Niemczewski and Zurkowski
(2000), Kuryl (1997), Gronet et al. (2000) and Sasimowski ef al. (2000)
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and confirmed the finding of Bougler (1999) who reported that Ge locus
p]ays very important role in stallion fertility. In this respect, Cho-Giljae
et al. (2000) reported that fertife Cheju horsc; in Korea, is characterized
by h1gh frequency of Al, Ge© oenc markers and complete dominance of
Ap marker. In this regard Ap marker in high fertile stallion in the
present study recorded high frequency but not completely dominant. On
the other hand Sasimowski et al (2000) revealed high frequency of Geb,
T and T markers in fertile felin ponies population in Poland. whﬂc
Smugala et al. {1999) reported a relationship between Es and TF loci
and fertility in purebred Arabian horses. However Rodrigucz er al
(1990) used transferrin allele as a genetic marker for fertility in Spanish
Thoroughbred horses,

Infertile stdlhons in the present study were characterized by high
frequency of Es', Gc and T1° gene markers with apparently complete
predominance of Es* as its frequency was (0.916). These findings were
partially in agreement with those reported by Hellander et af. (1991) and
Kenney and Love (1994). The remarkable result of infertile stallions was
the predominance of homozygotic genotypes in most studied loci. It can
be suggested that infertility as a reproductive trait is governed by
dominant homozygotic genes. (Hafez and Hafez 2000).

In present study results of corrclation coefficient showed a highly
significant positive correlation bctwecn motxhty live sperm and total
motile sperm with T, Fa 2* , Es® and G¢’ gene markers, while, these
parameter were negatively oo*rclated with Tf%, Fa 2% and Gc® gene
markers. Meanwhile, fotal sperm cell abnormalities were positively
correlated with Tf° and Fo 2° gene markers, In this respect Zaabal er
al.(1996) reported a comrelation between immumogenetic markers of
serum proteins and seminal plasma of cattle and buffalo bulls, and they
found a correlation between Sa 2% marker in seminal plasma and Pr®
marker of serum protein in fertile buffalo. In stallions correlation
between semen characteristics and immunogenetic markers is still
limited argument,

Concerning coeflicient of heterozygosity in the present study,
results revealed that this coefficient was 0.089, 0.077 and 0.063 for
fertile, sub fertile and infertile stallions respectively. These results were
in agreement with the findings recorded by (Reklewski ef al., 1997) for
Polish Arabian horse, but disagree with results of Pikula et ol (1997)
and Cho- Gijlac (2000) for Cheju horses and the condition may be
mainly attzibuted to genetic variation among breeds.
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1t could be concluded that fertility of Arabian stallions controlled
by some gene markers could be taken in to consideration in horses used
for breeding purposes, specially those which are closely related to high
fertility.
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Table (!) Semen characteristics and plasma testosterone level in ferfile and infertile

stallions (Mean = SK).

Geli (ml)

Paramejers Fe:'fi'{? Hlive :fre_fartile smilion.\‘t
High fertile Sub fertite |
Number of animals 8 4 | 6
Number of gjaculate samples 24 12 18
Tota! volume {mi) 4313 £ 1.50 2 51.00=245* 43,17 £3.52%® x
Gell free volume (ml) 3888£3.11° | 4633£246° | 39833323 |
421026 | 4672030°

5224047°

Caolor score

2.50£0.12°

250+£0.14*

21920.19° |

Abnormal motitity {%)

646+046°

PH 739£0,03° 741 £004° 768 20.05° |
Mass motility 254£030% | 200£014° | 083=CA1° |
Total motility (%) T708=106° | 7252=1.50° I S3.06%2.16°
Individuai motility (%) 7063 £085% | §5583%1.75° 3861 £2,54°

R T TR

444 £ 1.46% |

Density score

220%011°

175+ 0.17°

133£0.01% |

Sperm cell cone. (x10m1)

32171 £ 11.56" |

29958+ 14.01°%

218224 19891°

Total sperm per ejac. (x10°/mi) |

13.93+062°

1531£0987

10452 144° |

Total motile sperm (x10%ml)

227.74+£9.13°

197.88 = 10.01° |

|
83.87:7.56° !

LLive sperm (%)

83.50:095°

7542+ 1.10°

63.17 = 1.84°

Totel major sperm abn. (%)

11.67+0.56°

15.17%107°

19.89=1.11°%

i ‘Totel minor sperm abn. (%)

883£0.75°

| i2a72084°

18.22 = C.87°

Toizl sperm abn.(%)

2050+ 1.10°

2733+1.78°

| 38171%:66° |

(B} Plasme testosterone (ng / mij o

250=0.18*

238=0.28°

| 157z025°

Mezns with
ieastat (P<0.0
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nt superscrits in cach category are significantly different from cach otrerz:
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(1} Electrophoresis of plasma protein of Ara
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