Vol. 11(6), pp. 106-114, October-December 2019

DOI: 10.5897/JVMAH2018.0728 s 2 e
Arficle Number: 4D3D6F461984 @ JOURNALS
ISSN 2141-2529 ) .. ]
Copyright © 2019 Journal of Veterinary Medicine and Animal
Author(s) retain the copyright of this article Health

http://www.academicjournals.org/JVMAH

Full Length Research Paper

Development of hormonal profiles of Nubian bucks at
puberty in Sudan

Shaaeldin Sara Abdelrahman®’, Makawi Sharaf Aldin Abdalla?, Tingari Muddathir Darderi®
and Eltayeb Ahmed Eltyeb Ali*

'Department of Anatomy, Department of Reproduction and Obstetrics, Faculty of Veterinary Medicine, University of
Khartoum, Shambat, Sudan.
Anatomy Unit, School of Medicine, Ahfad University for Women, P. O. Box 167 Omdurman Sudan.
*Department of Anatomy, Faculty of Veterinary Medicine, University of Khartoum, Shambat, Sudan.
“College of Science-Dawadmy, University of Shagra, P. O. Box 1040 Dawadmy, Saudi Arabia.

Received 21 September, 2018: Accepted 11 June, 2019

This study was designed to monitor the development of the hormonal profiles of the Nubian bucks at
puberty. Thirty two (32) Nubain male kids between 1 day and 24 weeks having body weights of 2.3 to
13.5 kg were utilized in this study. All kids were injected with human chorionic gonadotropin (hCG).
Blood samples were collected from the jugular veins of the animals immediately before hCG injection
and 1 h after the injection. Plasma was separated from the samples and stored at 20°C until it was
assayed for determination of hormonal levels. After hCG injection, the plasma level of testosterone was
significantly higher (p< 0.01) than the level of the hormone before hCG treatment. Significant increase
was also observed in luteinizing hormone (LH) values after hCG injection (P< 0.01). Plasma follicles
stimulating hormone (FSH) had one peak in week 8 in samples taken before hCG injection. This was
followed after two weeks by the first elevation of LH. Plasma prolactin (PRL) concentration showed a
gradual increase with age, reaching the peak in week 18. Based on the first appearance of spermatozoa
in the lumina of the seminiferous tubules, penile separation and attainment of maximal levels of
testosterone, LH, FSH and PRL, pubertal age was reached between 18 to 20 weeks.
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INTRODUCTION

Goat population in Sudan is around 39.952.000 heads. reputed as good dairy goats in the tropics. They are the
Nubian goats constitute 60% of this population (MARAF, progenitor of the famous Anglo-Nubian goats. They are
2001). They are found in north and central parts of the middle-sized, have black hairy coat and long droopy
country around the River Nile banks. They are well white ears spotted with black. Both males and females
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have medium horns and sometimes wattles. Nubian
goats are polyoestous with twining rate of 2 to 4 kids.
Females produce around 73 kg of milk during lactation
period of 143 days with a daily yield of 1.5 to 2.0 kg
(Williamson and Payne, 1987).

Hormonal profiles of goat have been investigated by
several authors (Goyal et al., 1994; Walkden-Brown et
al., 1994; Vera-Avila et al., 1997; Delgadillo et al., 2002;
Al-Daker and Salha, 2004; Barkawi et al., 2006; Al-
Sobayil et al., 2008; Omari, 2012).

Hormones as endocrine secretion are transported by
the vascular system to aid in the integration of body
processes by their stimulatory or inhibitory effects on
target organs (Haenlein, 1992).

Testosterone is the most important of androgens and is
secreted by the testicular interstitial cells of Leydig.
Testosterone and its by-products, androsterone and
dehydrosterone are bound to plasma proteins and are
rapidly used by target organs and degraded by the liver
and kidneys. Testosterone and related hormones are
responsible for male secondary sex characteristics, body
conformation, muscular development and libido. They are
also responsible for the growth and development of
secondary sex glands of the males, as well as
maintenance of the viability of the spermatozoa; they
stimulate penile growth and separation from the prepuce.

The luteinizing (LH) and follicle stimulating hormones
are glycoproteins secreted by the B-cells (basophils)
gonadotrophs of the anterior pituitary and consist of two
subunits. The a-subunit is identical in the hormones
whereas the B subunit is biochemically unique and
determines the bioactivity. The circulating concentration
of LH and FSH is controlled by a negative feedback effect
on the hypothalamus due to steroidal hormones, so they
are secreted in pulses rather than constant amounts.
The male LH stimulates interstitial cells to produce
androgen. FSH in mature males is associated with the
stimulation and maintenance of spermatogenesis.

Prolactin (PRL) is a single-stranded polypeptide
hormone secreted by the mammotrophs of the pituitary
gland and is composed of 198 amino acids. Regarding
structure and biology, PRL, growth hormone (GH) and
placental lactogen (HPL) are of the same type. PRL plays
an essential role in the secretion of milk and has the
ability to suppress gonadal function.

Studies on puberty have been reported for bull (Abdel
Raouf, 1960; Renaville et al., 1993), sheep and goat
(Louw and Joubert, 1964; Lord et al., 1991), ram (Dun,
1955), camel (Abdel Rahim, 1997), rhesus macaques
(Bercovitch, 1993) and man (Martha and Reiter, 1991).
Puberty, the culmination of a multitude of developmental
processes at the hypothalamic, pituitary and gonadal
levels, is essentially manifested by the episodic release
of testosterone ((Renaville et al., 1983; Schams et al.,
1988) which serves as a primary regulator for other major

Abdelrahman et al. 107

physiological changes during this period (Martha and
Reiter, 1991). Associated with this is an increase in
plasma concentrations of testosterone, and growth
hormone (GH) discharge may precede the onset of
puberty (Thompson et al., 1972). Puberty is reached
when sexual organs have become fully developed,
sexual instincts are prominent and reproduction is
possible (Abdel-Raouf, 1960). Puberty age is considered
as an economic trait. If the animals reach puberty and
sexual maturity at early age, more benefit would be
obtained from their productive life. Thus, remarkable
physiological changes and/orphenotypic  features
associated with occurrence of puberty constitute helpful
tools for the selection of breeding males.

Literature on age at puberty and the associated internal
and external changes in goats (Babiker and Makawi,
2005; Elhammali et al., 2013; Shaaeldin et al., 2018) is
scarce generally.

The objective of this study is to monitor the changes in
hormonal profiles of Nubian bucks and the inter-
relationship between them during the age of puberty.

MATERIALS AND METHODS

This study was conducted at Animal Production Research Centre in
Hilat Kuku, Khartoum North, Sudan. Sudan is located at latitude 15°
36’ N, longitude 32° 33’ E and altitude of 380 m above sea level.
Thirty-two Nubian bucks were assigned for this study. Their ages
ranged between birth and 6 months.

Up to the age of weaning, the kids were dependent on their
mothers. After weaning the animals were fed on green alfalfa and a
concentrate ration composed of wheat bran (43%), molasses
(32%), ground nut cake (20%), urea (3%) and salt (2%). Water and
minerals licks were offered to them ad-libitum.

Blood samples were obtained from 32 Nubian bucks from birth
up to six months of age. Samples were taken at 15 days interval for
investigation. The different groups were represented by at least two
animals each.

For hormonal assay, an initial sample of 5 ml of blood was
collected from the jugular vein of the animals; then the animals
were injected (1/m) with hCG (300 IU/animal). A second sample
was withdrawn one hour later to monitor the post-hCG injection
level of hormones. The samples were then centrifuged at 3000 rpm
for 15 min. The supernatant was decanted into fresh test tubes and
stored at -20°C to be used for hormone assay.

Measurement of hormones

Immunoradiometric assay (IRMA) and radioimmunoassay (RIA)
techniques were used for the estimation of hormones. In the IRMA
assay, the antibody was the labeled tracer, and in the RIA assay,
the antigen was the labeled tracer.

Measurement of hormones by IRMA technique

Measurement of plasma LH and FSH: For the assay of LH and
FSH, the following reagents were introduced into the reaction tube:
50 UL sample or standard, 300 UL assay buffer, 50 UL labeled
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Table 1. Hormones concentrations (mlU/l) in 32 Nubian Male Kids Before and After Injection of hCG.

Age per Testosterone LH mIU/l FSH mliU/I PRL mlU/I

week Before After Before After Before After Before After
1 0.01 2.76 0.54 79.6 0.693 1.997 78.73 96.01
2 0.95 2.05 4.2 70.6 0 2.127 135.3 118.9
4 0.86 231 1.7 81.7 0 2.93 170.1 151.8
6 0 7.25 0.4 64.3 0.623 2.357 1129 148.8
8 0 7.34 3.8 74.5 2.899 2.365 147.7 165.9
10 0 10.57 2.2 95.9 0 1.011 199.9 1295
12 0.29 23.73 0 63.2 0 1.8 156.1 211
14 0.18 8.93 1.01 76.18 0.319 2.545 243.1 234
16 0 11.47 2.2 76.8 0 1.05 173.8 157.3
18 1.52 16.57 3.2 61.1 0.005 2.267 267.5 244.6
20 0.39 15.25 1.24 85.41 0.69 2.951 199.4 212.4
22 0.78 30.38 4.1 83.3 0.042 2.895 221 199.3
24 0.12 21.4 5.5 110 0 2.77 180.5 209.05

antibody (anti-LH or anti-FSH) and total tube (approx. 60,000 rpm).
50UL solid phase first antibody tubes were vortexed and placed on
rotary mixer overnight; 2 ml of wash buffer was added and
centrifuged for 5 min at 1000 rpm; supernatant was aspirated. The
washing step was repeated, aspirated again and counted for 1 min.

Measurement of plasma prolactin: The solid phase was reacted
with the sample or standard at room temperature for approximately
3 h following a washing step. The radio-iodinated antibody was
added and the reaction continued overnight.

This assay method was the same as that used for plasma FSH
and LH except 350 UL of assay buffer was used instead of 300 UL
and the centrifugation took a long time, up to 10 min.\

Measurement of testosterone by RIA technique

All reagents were placed at room temperature, mixed gently and
used in the assay. The reagents were added as follows:

Standard or sample (50 UL)
125 (1) Testosterone (tracer) (500 UL)
Testosterone Antiserum (500 UL)

All tubes were vortexed gently avoiding foaming and incubated for 2
h at 37°C. Assay buffer of 500 UL was added. The tubes were
again vortexed and incubated for 15 min at room temperature; they
were centrifuged for 15 min at 100 g. Supernatants were decanted;
the tubes were blotted gently to get rid of the remaining drops of
liquid. Radioactivity was counted for one minute.

The data were subjected to analysis of variance using Statistical
Package for Social Science. Mean comparisons were made using
Fisher’s least significant test, while the relationship between various
parameters was expressed using the Pearson correlation coefficient
(Kinner and Gray, 1999).

RESULTS

The results included the plasma concentrations of some
hormones (testosterone, LH, FSH, and prolactin) before

and after hCG injection. The results are summarized in
Table 1.

Concentrations of plasma hormones

The blood hormones levels before and after hCG
injection are illustrated in Table 1.

Testosterone

The plasma level of testosterone after hCG injection was
significantly higher (p< 0.01) than the level of the
hormone before hCG treatment. There was a gradual
increase in the testosterone concentration with advancing
age throughout the study period (Figure 1). The most
important feature in testosterone pattern of secretion was
the occurrence of two spikes at the age of 12 and 22
weeks.

Luteinizing hormone (LH)

Plasma luteinizing hormone concentrations before hCG
injection showed basal levels throughout the prepubertal
period (Figure 2).

Significant increase was observed in LH values after
hCG injection (p<0.01). The pattern of LH secretion after
hCG injection maintained levels around 70 ng/ml, with

age, except for two sudden significant rises around 10 and
20 weeks of age.

Follicle stimulating hormone (FSH)

The result showed basal levels of plasma FSH before
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Figure 1. Prepubertal plasma testestrone concentrations in Nubian male kids pre- and after- injection of

gonadotropin (hCG).
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Figure 2. Prepubertal plasma LH concentratio
gonadotropin (hCG).

hCG injection except for a sudden rise (peak) around the
age of 8 weeks (Figure 3). After hCG injection FSH
values were significantly (p<0.01) higher compared with
the values before hCG injection. Plasma FSH
concentration followed an irregular pattern with its values
fluctuating between 1 and 2.95 ng/ml. High FSH levels
were observed around 4, 14 and 20 weeks of age in the
samples taken post hCG injection.

ns in Nubian male kids pre- and after- injection of

Prolactin (PRL)

Plasma PRL concentration showed a gradual increase
with age reaching the peak at 18 weeks (Figure 4).

The levels of prolactin before and after hCG injection
showed no significant differences (p> 0.05). PRL
secretion showed a pulsatile pattern with peaks occurring
at almost regular intervals (4-6 weeks) and the frequency
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Figure 3. Prepubertal plasma FSH concentrations in Nubian male kids pre- and after- injection of

gonadotropin (hCG).
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Figure 4. Prepubetal plasma prolactin concetrations in Nubian male kids pre- and after injection of human

choronic gonadotropin.

and magnitude of peaks decreased after the age of 20
week.

Correlation between the hormones

Plasma LH and testosterone concentration after hCG
treatment showed biphasic pattern of elevations (Figures
5 and 6). Consistently LH peaks preceded the
testosterone elevations by two weeks (Table 3).

Plasma FSH showed one peak at 8 weeks of age in the
sample taken before hCG injection. This was followed in
2 weeks by the first elevation of LH.

Association of hormonal changes and pubertal
development of the genital tract

The first significant elevation in FSH, LH and testosterone
occurred between week 8 and week 12 (10-14 weeks
before puberty). The increase in the levels of these
hormones in plasma coincided with an abrupt increase in
the diameters of the seminiferous tubules, the epididymis,
ductus deferens, and penis. Moreover the first
appearance of secondary spermatocytes and initiation of
penile separation from the prepuce also occurred during
this period.

However, the second surge of testosterone, LH and FSH
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Figure 5. Prepubertal Plasma LH, FSH and testestrone concentrations in Nubian male kids pre-

injection of gonadotropin (hCG).
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Figure 6. Prepubertal plasmatestestrone, LH, and FSH concentrations in Nubian male kids after-

injection of gonadotropin (hCG).

occurred between weeks 20 and 24. This was associated
with the first appearance of spermatids, spermatozoa and
completion of the penile separation. Based on the first
appearance of spermatozoa in the tubules, puberty was
reached in Nubain male kids at the age of 22 weeks
(Table 2).

DISCUSSION

The results obtained in this study indicated that

testosterone and LH levels before hCG treatment showed
a very low concentration compared to that of FSH which
showed high levels and reached the peak around 8
weeks of age. The pulsatile (episodic) nature of
testosterone and LH secretion necessitates the injection
of hCG to monitor their maximum levels with advancing
age towards puberty (Renaville et al.,, 1993; Schams,
1988). Prolactin levels showed progressive increase with
age reaching maximum level at 8 weeks of age. This
confirms that hormonal levels increase from birth to
puberty, and the levels reach higher values around
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Table 2. Correlations between blood testosterone, LH, FSH and PRL concentrations before hCG injection in Nubian

male kids
Testosterone FSH PRL
Testosterone 1
LH 0.303
FSH -0.362 0.049 1
PRL 0.482* 0.266 -0.296 1

*Significant at p< 0.05 level (2-tailed).

Table 3. Correlations between blood testosterone, LH, FSH and PRL concentrations after hCG injection in Nubian

male kids.
Testosterone FSH PRL
Testosterone 1
LH 0.178
FSH 0.166 0.111 1

*

puberty to reach the peak a few weeks after puberty
(Renaville et al., 1993; Rawlings, 1972). The results after
hCG treatment revealed that the level of testosterone, LH
and FSH showed significant increase with age, till they
reached the peak around 20 to 24 weeks. This is in
accordance with the findings reported in ram (Dufour et
al., 1984), Siberain hamster (Meredith et al., 1998) and
sheep (Reviers et al., 1980). This result as well revealed
the significant effect of hCG injection on testosterone and
FSH levels. After one hour of hCG administration, the
results showed high levels of these hormones which have
significant correlation with age. This is similar to the
finding of Meredith et al. (1998). Accordingly, there is a
significant effect of age and this is similar to the finding of
Walkden-Brown et al. (1994) in Australian Cashmere
Goats.

Although this study was conducted in different seasons,
the results like those of Omari (2012) were not affected
by the seasonal changes. This is probably because the
Nubian goat is a tropical breed and has no seasonal
breeding pattern (Walkden-Brown et al., 1994; Vera-Avila
et al., 1997; Kurohmaru and Nishida, 1987; Mudewli et
al., 1997).

The comparison between the levels of hormones
before and after hCG injection showed that the highest
levels of FSH were followed by LH peaks; the lowest
values were those of testosterone. This confirms the
findings of Renaville et al. (1993), Rawlings (1972) and
Courot (1978) in which it was shown that hormonal levels
increased from birth onwards and reached a peak around
the age of puberty. This indicates that commencement of
reproductive function in bucks has a strong correlation
with increase in testosterone concentration in accordance

with age (Bercovitch, 1993). The result is suggestive of a
highly significant correlation (P<0.01) between FSH and
testosterone levels before and after hCG treatment.

The prolactin has not been demonstrated to have
specific effect in male reproduction or response to hCG
injection, but in general, it was known to lower blood
pressure (Haenlein, 1992).

A good correlation was shown between age, on one
hand, and scrotal circumference, heart-girth and body
weight, on the other hand. The body measurements
reached their maximum at the age of puberty (22 - 24
weeks) (Shaaeldin et al., 2018). Similar findings were
also reported in man (Forest et al., 1976), monkeys
(Mann et al., 1994; Lunn et al., 1997), ram (Dun, 1955)
and sheep (Louw and Joubert, 1964).

The environment for the bucks used in this study was
the same with regard to feeding, management and
housing. Nutrition however was not considered as a
variable. This is in contrast with other findings which
focused on nutrition as being the most important factor
that can affect body measurements in small domestic
animals (Setchel et al., 1965; Martin et al., 1994,
Thwaites, 1995a).

For the determination of age of puberty, signs of
commencement of spermatogenesis were considered in
this study. Thus, puberty in Nubian bucks was reached at
22 weeks of age. Moreover, penile separation was also
completed at the same age. Similar findings have been
reported on measurement of scrotal circumference, heart
girth, and body weight in other breeds of goats and
sheep. They indicate that puberty is reached at 18 to 22
weeks (Shaaeldin et al., 2018). However, other breeds of
goat and sheep reach puberty between 16 and 21 weeks



(Louw and Joubert, 1964). Dyrmundsson (1973) noticed
that there were great differences in age of puberty and
body weight between ram lambs of various breeds of
sheep. Large animals are said to reach puberty between
23 to 26 weeks (Abdel Rahim, 1997).

In the present study, signs of puberty in the Nubian
bucks appeared around 22-24 weeks. They reach
maturity during the early weeks (Elhammali et al, 2013)
and reach one year few weeks later (Renaville et al.,
1993).

The two pituitary gonadotropins, LH and FSH, are
necessary to maintain the gonadal functions in male
animals through the stimulation of spermatogenesis. Full
spermatogenesis cannot be accomplished without the
effect of LH, known as the interstitial cell stimulating
hormone (ICSH) that facilitates the production of
testosterone.
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