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	ABSTRACT	
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The	present	study	was	conducted	in	a	total	of	eighteen	numbers	of	healthy	male	Assam	goats	of	age	ranging	from	birth	to	10	months.	
The	goats	were	divided	into	six	age	groups	viz.	group-I	(0-day),	group-II	(2	months),	group-III	(4	months),	group-IV	(6	months),	
group-V	(8	months)	and	group-VI	(10	months)	consisting	of	3	animals	in	each	group.	The	mean	nuclear	diameters	of	the	Sertoli	cells	
registered	an	increase	in	their	values	with	the	advancement	of	the	age	of	the	male	goats.	The	ef�iciency	of	spermatogonial	mitosis	as	
determined	by	estimating	the	ratio	between	pachytene	primary	spermatocytes	and	type	A	spermatogonia	increased	noticeably	from	
4	months	of	age	 (group-III)	being	 the	maximum	 in	10	months	old	goats.	The	overall	 rate	of	 spermatogenesis	as	measured	by	
recording	the	ratio	between	round	spermatids	and	type	A	spermatogonia	increased	signi�icantly	between	6	and	8	months	of	age.	
Further,	the	overall	Meiotic	Index	(ratio	between	round	spermatids	and	pachytene	primary	spermatocytes)	was	recorded	to	be	2.45	
±	0.56,	revealing	about	38.75	percent	cell	apoptosis	(loss)	in	Assam	goats.	The	ratio	between	round	spermatids	and	Sertoli	cell	nuclei	
increased	in	older	goats	and	the	Sertoli	cell	ef�iciency	was	found	to	be	the	maximum	in	10-month-old	goats	as	almost	16.	Twelve	
spermatids	were	found	for	each	Sertoli	cell	at	this	age.

Introduction	
Post-natal anatomical studies on the male genital system at 
various ages, particularly the testis and its tubular system are 
important to know the anatomical growth and development. 
The various measurements of different spermatogenic cells 
vary in different cycles of the seminiferous epithelium and 
within different species. The primary spermatocytes, round 
spermatids, elongated spermatids, and Sertoli cells formed 
10.78 ± 1.0 %, 6.17 ± 0.5 %, 3.57 ± 0.1% and 1.67 ± 0.3%, 
respectively of the seminiferous epithelium (Oke	 et	al 1984). 
The Sertoli cell was the major controller of testis development 
and ef�iciency of spermatogenesis (Hess et	al 1993). The Sertoli 
cell was the major controller of testis development and 
ef�iciency of spermatogenesis (Hess et	al 1993). Again, the FSH 
is considered to be the main mitogenic factor responsible for 
Sertoli cell divisions. The Sertoli cell number established during 
the pre-pubertal period determined the �inal testicular size and 
the number of sperm produced in sexually mature animals 
(Orth et	al 1988). Germ cell loss (apoptosis) played an important 
role in seminiferous epithelial homeostasis by limiting the 
number of sperm cells produced which could be estimated by 
comparing the ratios between germ cells counted during 
speci�ic steps of spermatogenesis (Johnson 1991). 
Goat plays an important role in the socio-economic condition of 
the rural people as it is endowed with short generation 
intervals, higher rates of proli�icacy and the ability to sustain on

 sparse vegetation and extreme climatic conditions. Goat rearing 
has tremendous potential in the North eastern states of India, 
particularly among the small and marginal farmers and landless 
laborers because of very low initial investment and adequate 
�inancial returns. This region has abundant natural grasses, 
pastures, shrubs and forests due to widespread rainfall. More 
than 85 percent of the population in this region is non-
vegetarian and chevon is preferred by all as it has no religious 
taboo.
The present data generated in our study will contribute to a 
pattern of histological development of the Sertoli cells and 
ef�iciency of spermatogenesis at various ages in Assam goats, 
which is the �irst-ever study of its kind in this animal species. 

Materials	and	Methods
A total of 72 male Assam goats varying in age from 0-day to 10 
months were used in the present study. The animals were 
divided into six age groups viz.	 group-I (0-day), group-II (2 
months), group-III (4 months), group-IV (6 months), group-V (8 
months) and group-VI (10 months) consisting of twelve animals 
in each group. The age of the goats was estimated from birth 
records. Each animal was weighed using Spring Balance to 
record its body weight. The animals were sedated by giving an 
intramuscular  injection of  Siquil  (Tri� lupromazine 
Hydrochloride) @ 1mg/Kg body weight and subsequently 
anaesthetized by administering intravenous injection of 
Intravel Sodium (Pentobarbital Sodium) @ 15 mg/Kg body 
weight (Hall et al., 2000). After induction of a proper level of 
anesthesia, the testicles were incised out by performing open 
method of castration as per standard protocol. Subsequently, 
the animals were given proper post-operative treatment and 
care. Tissue pieces were collected from three different regions 
of the testis viz., upper, middle and lower, and subsequently �ixed 
in Bouin's solution prepared as per (Luna 1968). 
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Results
The measurements of number of various cells per cross-section 
of the seminiferous tubule of the testis in the male goats at 
various ages under study were presented in Table 1. Each 
seminiferous tubule of the testes of 4-month-old kids contained 
an average number of 18.2 ± 1.28 type- A spermatogonia which 
increased gradually in older goats and ultimately raised to 20.8 
± 1.24 number of cells at 10 months of age. However, the 
variation in the number of these cells between different age 
groups was not signi�icant (Table 2). Similarly, the mean number 
of type-B spermatogonia increased with advancing age in male 
goats which ranged from 9.4 ± 0.93 cells at 4 months of age to 
11.35 ± 1.69 cells at 10 months of age. The highest number of 
this cell type was recorded in 10 months-old goats. However, the 
increase in number of type-B spermatogonia between various 
age groups was not found to be signi�icant (Table 2). The average 
number of primary spermatocytes ranged from 22.4 ± 3.23 cells 
per cross section of seminiferous tubule at 4 months of age to 
43.3 ± 4.40 at 10 months of age. Analysis of variance (Table 2) 
revealed a highly signi�icant (P<0.01) increase of these cells 
between successive higher age groups. The number of primary 
spermatocytes increased signi�icantly (P<0.05) between 4 and 6 
months of age (groups III & IV) and 6 and 8 months of age 
(groups-IV & V).  The average number of secondary 
spermatocytes per cross-section of seminiferous tubule ranged 
from 41.4 ± 5.93 at 6 months of age to 44.8 ± 2.46 cells at 8 
months of age. Maximum number of these cells was recorded in 
8-month-old goats. The variation in the number of these cells 
between different age groups was not found to be signi�icant 
(P<0.05) (Table 2).
The average number of the round spermatids ranged from 52.8 
± 1.28 at 6 months of age to 125.6 ± 1.50 cells per seminiferous 
tubules at 10 months of age. Analysis of variance (Table 2) 
showed a highly signi�icant (P<0.01) increase of these cells 

All the tissues were processed for paraf�in sections (Luna 1968) by alcohol-xylene method using ceder wood oil. Sections were cut at 
5 μ thickness using a Rotary Microtome (Thermo, Germany) and stained with Haematoxylin & Eosin. Various micrometrical 
parameters were recorded as follows.
a) No. of Sertoli cells per cross-section of the seminiferous cord/tubule: 20 rounds
seminiferous cords/tubules were considered at random per animal (Franca et	al 2000).

b) Sertoli cell nuclear diameter: 20 Sertoli cell nuclei were measured to record their diameter per animal (Elizabeth et	al 2002).

c)	Number of various spermatogenic cells per seminiferous tubules:
Number of spermatogonia per seminiferous tubule
 Number of primary spermatocytes per seminiferous tubule
 Number of secondary spermatocytes per seminiferous tubule
 Number of round spermatids per seminiferous tubule
 Number of Sertoli cell nuclei per seminiferous tubule
These were counted in 10 round or nearly round cross sections of seminiferous tubules chosen at random per animal (Segatell et	al 
2004).

d) The ratios of various cells of the seminiferous tubules were estimated for determination of different functional aspects (Segatell et	
al 2004). These measurements were recorded in 10 numbers of randomly selected seminiferous tubules per animal as follows.

between the various age groups under study. There was a 
signi�icant (P<0.05) increase of mean number of round 
spermatids between 6- and 8-months old bucks (groups IV & V). 
The mean number of elongated spermatids per cross-section of 
seminiferous tubule increased from 34.40 ± 1.99 cells at 6 
months to 44.00 ± 1.52 cells at 8 months of age, thereafter the 
mean number of this cell decreased a little to 43.10 ± 1.32 cells at 
10 months of age. Analysis of variance (Table 2) showed a highly 
signi�icant (P<0.01) variation in number of elongated 
spermatids between different age groups under study.
The average number of Sertoli cells per cross section of the 
seminiferous tubule showed a �luctuating pattern (Fig. 1) at 
various ages in male Assam goats. The mean number of Sertoli 
cells was the maximum (17.0 ± 0.89) in day-old kids which 
showed an increasing pattern from 2 months of age (8.00 ± 0.71) 
up to 9.40 ± 1.21 at 8 months of age, and then it was slightly 
reduced to 9.21 ± 1.20 in 10-month-old goats. The variation in 
the number of Sertoli cells per cross-section of sex 
cord/seminiferous tubule between various age groups was not 
found to be signi�icant (Table 2).
The mean ratios of different cells of the seminiferous epithelium 
in various age groups of male Assam goats have been presented 
in Table 3. The mean ratio between round spermatids and type- 
A spermatogonia (Fig. 2) could be recorded in the male goats 
from 6 months of age (group- IV) onwards. The ratio showed an 
increasing trend with the advancing age of the animals and 
varied from 5.62 ± 0.35 at 6 months of age to 11.07 ± 0.74 at 10 
months of age. The variation of this ratio was found to be highly 
signi�icant (P<0.01) between various age groups (Table 4). In 
the present study, the ratio between pachytene primary 
spermatocytes and the type- A spermatogonia showed a 
signi�icant (Table 2) increasing pattern (Fig. 3) with the 
advancing age of the goats and ranged between 2.10 ± 0.34 to 
3.35 ± 0.20 at 4 months and 10 months of age, respectively. 

Functional	aspects
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The mean ratio between round spermatids and pachytene 
primary spermatocytes was recorded in 6 months old goats 
onwards. This ratio showed a highly signi�icant (P< 0.01) 
increase with the advancement of age of the goats (Fig. 4). The 
ratio increased signi�icantly between 6 and 8 months of age 
(groups-IV & V). The mean ratio between round spermatids and 
Sertoli cell nuclei could be recorded in goats from 6 months 
onwards. This ratio increased with the advancement of age of 
the goats and ranged from 6.14 ± 1.11 at 6 month of age (group-
IV) to 14.60 ± 2.79 at10 months of age (group-VI). Analysis of 
variance (Table 4) showed a highly signi�icant (P<0.01) 
variation of this ratio between various age groups under study. 

Discussion
The mean numbers of Type A & B spermatogonia per 
seminiferous tubule increased in the male kids in advancing age 
groups (Table 1). Again, the number of primary spermatocytes 
increased signi�icantly (P<0.05) between 4, 6, and 8 months of 
age (groups- III, IV & V), which might be to aid formation of a 
greater number of progenitor cells from them during and just 
after puberty. The secondary spermatocytes showed their 
appearance in the testes at 6 months of age (group-IV) and their 
number in the seminiferous tubules did not vary signi�icantly 
between the older age groups as the secondary spermatocytes 
appeared for a very transient period in the testicular tissue and 
immediately, they became transformed into the round 
spermatids (Dellmann 1988, Franca and Russel 1998). The 
mean number of the round and elongated spermatids increased 
signi�icantly (P<0.5) between 6 and 8 months of age (groups- IV 
& V). However, the mean number of elongated spermatids 
showed a slight reduction in their number at 10 months of age 
(group-VI) which was not signi�icant between the preceding age 
groups (Table 1). This minimum reduction in the number of 
elongated spermatids per seminiferous tubule in 10 months old 
goats (group-VI) might the part of the process approaching 
towards establishing an adult value of these cells in the testes of 
Assam goats at this age. In pigs, the number of germ cell per 
seminiferous cord/tubular cross section was very low from 
birth to 4 months of age. A very dramatic increase in various 
populations of germ cells per cross-section of seminiferous 
tubule occurred from 4 to 5 months of age but, the number of 
various germ cells showed a tendency to stabilize after 7 months 
of age (Franca et	al 2000).
The mean number of Sertoli (Sustentacular) cells per cross-
section of sex cord recorded in the male Assam goat kids at birth 
was the highest among all the age groups under study. The 
number of these cells was reduced at 2 month of age (group-II), 
remained almost same at 4 and 6 months of age (group-III & IV) 
then showed a slight rise in their number at 8 months of age 
(group-V). Subsequently, the mean number of Sertoli cells per 
cross-section of the seminiferous tubule reduced at 10 months 
of age. These �indings were in close corroboration with earlier 
reports (Sinowatz and Amselgruber 1986) in cattle and in pigs 
(Franca et	al 2000). Fernanda et	al (2006) reported the presence 
of 6.6 Sertoli cells per seminiferous tubule in wild boar. The 
increased number Sertoli cells per cross section of the sex cord 
recorded in the present work in day-old kids might be the 
species-speci�ic characteristics of goats which need further 

work in this aspect as no available literature could be traced to 
compare with the present �indings.
Germ cell loss (apoptosis) played an important role in the 
seminiferous epithelial homeostasis by limiting the number of 
sperm cells produced which could be estimated by comparing 
the ratios between germ cells counted during speci�ic steps of 
spermatogenesis (Johnson 1991). Estimation of ratio between 
pachytene primary spermatocytes and type A spermatogonia in 
the present work (Table 3) revealed that the ef�iciency of 
spermatogonial mitosis increased noticeably from 4 months of 
age onwards being the maximum in 10 months old goats (group-
VI). The overall rate of spermatogenesis as measured by 
estimating the ratio between round spermatids and type A 
spermatogonia was recorded from 6 month of age (group-IV) 
onwards. The rate increased signi�icantly (P<0.05) between 6- 
and 8-months old goats (groups-IV & V) (Table 4). Again, the 
Meiotic Index (ratio between round spermatids and pachytene 
primary spermatocytes) recorded in the present study in Assam 
goats ranged from 1.33 ± 0.02 at 6 months to 3.06 ± 0.16 in 10 
months old goats denoting a decrease in germ cell loss during 
meiosis in older goats.	The overall Meiotic Index in Assam goats 
was recorded as 2.45 ± 0.56, indicating that 38.75 percent of cell 
loss occurs during meiosis as one pachytene spermatocyte 
produces 4 round spermatids (Segatell et	al 2004). This value of 
cell loss was similar to that observed for most mammalian 
species investigated (Roosen-Rung 1973, Franca and Russel 
1998).
The ef�iciency of Sertoli cells increased from 6 (group-IV) to 10 
month (group-VI) of age in Assam goats and the ratio of round 
spermatid and Sertoli cell nuclei showed a signi�icant (P<0.05) 
increase between 6 and 8 months of age (groups-IV & V). The 
Sertoli cell ef�iciency was found to be the maximum in 10 
months-old Assam goats as almost 16. Twelve spermatids were 
found for each Sertoli cell. The overall number of 13 spermatids 
was found for each Sertoli cell in all the 3 age groups studied (viz.	
groups- IV, V & VI) in the present work. A similar value was also 
recorded in Gerbil (Segatell et	al 2004). However, the present 
value for ef�iciency of Sertoli cell was relatively high as 
compared with other mammalian species (Wing 1982, Franca 
and Russel 1998).
The volume densities of different spermatogenic cells of the 
testis increased with advancing age, thereby occupying more 
volumes in the seminiferous epithelium needed for enhanced 
physiological functions of the testes in pubertal and post-
pubertal male Assam goats. Relevant information pertaining to 
this parameter was found to be very scant in the available 
literature. However, Franca et	 al (2000) reported similar 
�indings during post-natal development in pigs. 

Conclusion
The ratio between round spermatids and Sertoli cell nuclei 
increased in older goats and the Sertoli cell ef�iciency was found 
to be the maximum in 10-month-old goats as almost 16. Twelve 
spermatids were found for each Sertoli cell at this age.
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Table	1:	Number	(Mean	±	S.E.)	of	different	cells	per	cross	section	of	the	seminiferous	cord/tubule	of	testis	of	male	assam	goats	at	different	ages

Means	bearing	similar	superscript	in	a	column	do	not	differ	signi�icantly.

Table	2:	Analysis	of	variance	of	number	of	different	cells	of	seminiferous	epithelium	per	cross	section	of	seminiferous	cord/tubule	showing	signi�icance	of	
difference	between	various	age	groups	of	male	assam	goats

NSd.f.	=	Degree	of	freedom,	S.S.	=	Sum	of	squares,	M.S.S.	=	Mean	sum	of	squares,	F	=	Variance	rates,	 	=	Non-signi�icant,	**	=	P<0.01

Table	3:	Ratio	(mean	±	s.e.)	of	different	spermatogenic	cells	of	the	seminiferous	epithelium	of	testis	of	male	assam	goats	at	different	ages

Means	bearing	similar	superscript	in	a	column	do	not	differ	signi�icantly.
	N.B.	R.S.=	Round	Spermatids,	Pachy	=	Pachytene	Primary	Spermatocytes

Table	4.:	Analysis	of	variance	of	ratio	between	different	cells	of	the	seminiferous	epithelium	showing	signi�icance	of	difference	between	various	age	groups	of	
male	assam	goats

S.S.	=	Sum	of	squares,	M.S.S.	=	Mean	sum	of	squares,	F	=	Variance	rates,	**	=	P<0.01
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9Fig.	1.	Number	of	Sertoli	cells	(X	10 )	per	cross	section	of	the	seminiferous	
tubule	of	the	testes	in	Assam	goats	at	different	ages.

Fig.	2.	 	Ratio	between	Round	Spermatids	and	type-A	spermatogonia	of	the	
seminiferous	tubule	of	the	testes	in	Assam	goats	at	different	ages.

Fig.	 3.	 Ratio	 between	 pachytene	 primary	 spermatocytes	 and	 type-A	
spermatogonia	of	the	seminiferous	tubule	of	the	testes	in	Assam	goats	at	
different	ages.

Fig.	 4.	 Ratio	 between	 round	 spermatids	 and	 pachytene	 primary	
spermatocytes	of	the	seminiferous	tubules	of	the	testes	in	Assam	goats	at	
different	ages.
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