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GENSHAL INTRODUCTION



GENERAL INTRODUCTION

Since time immemorial the goat has been bred for a
variety of reasons. The goat provides a variety of
useful materials. Milk and meat add to human nutrition;
skin and halr form raw material for many commercial goods,

and the waste products form very good manure.

The wild ancestors of the domesticated goat (Capra
hircus) are Capra aegagrus, Capra falconeri and Capra |
prisc; (MEGKenzie, 1956). The Malabari goat of today is
not a pure breed: It is a mixture of two or more types,
the origin being Arabian and Mesopotamian goats (Kaura,
1957). |

Goat husbandry as an enterprise based on comparative=-
ly low investment can really be a practical solution to
the ever increasing demand for foodé of animal origin.

It is a well known fact that the success in goat industry
depends on the number of healthy kids produced. To achieve
this goal, reproductive efficiénqy of both the male and

the female has necessarily to be maintained at a higher
level. Though impressive advance has been made in this
field in femaleg, there are several anatomic and bhysio-
logic parameters relating to the male reproductive syétem '
on which information is yet to be gathered. An under-
standing of these will 20 a long way in the improvement



of goat husbandry.

With increasing interest in artificial insemination
in goats, the physiopathology of reprecduction in - goats
has assumed global importance. The question of how
early a young buck can be put to breeding is of vital
importance. DPuberty has boen defined as the attainment
of androgenic'activity of the testis characterised by
growth and function of accessory glands and manifesta-
tion of male gexual behavioﬁr (4pdell, 1946; Donovan
and Borsch, 1965; Johnson and Buss, 1967 and Skinner
and Rawson, 1968). The onset of puberty in meles is
known to be influenced by several intrinsic and extrinsic

factors (Roberts, 1971).

ks;far as the buck is concerned,. the postnatal
changes taking place in the reproductive orgéns have
not been thoroughly and systematically investigated.
Yao and Eaton (1954) have studied the pomstnatal develoz-
ment of the'reproductive organs in male goats of the
Toggenburg and mixed breeds. Perusal of literature
reveals that mogt of the early work dealing with post-
natal de&elopment of the reproductive organs have been
linitted to the testis only. Growth and devélopment
of the epididymié in the buck has been almost a négl@cted
field of study..
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The present investigation is 'an attempt to gather

information on the gross and microgcopic anatomy of the

‘epididymis in the goat during postnatal development.



PART « &
MACROSQOPIC STUDY



INTRODUCTION

The postnatal growth of the epididymis in goats
has received only very little attention. The only
available published report in this regaxrd is that of
Yao and Eaton (1954). 'In bulls the postnatal deve-
lopmént of the epididymis has been studied by Abdel-
Raouf (1960). So a syetematic study is taken up to
investigate the growth pattera of the epididymis in
the Malabari goat, |



REVIEW OF LITERATURE

The epididymis is closely attached to the testis
by fibrous tissue. In the buck and the bull the long
axis of testis is vertifal and the body of the epidi-
dymis lies caudal and medial to the testis. The head
of the epididymis is dorsal and the tail ventral to the
testis ( Sisson and Grossmen, 1958). There is no sharp
line of demarkation between the three parts of the '
epididymis, either groésly or microscopically in mammals

(Gier and Marion,_1970)y

The funetions of the epididymis are transportation,
cdncentration, maturation and storage of sperm (Crabo,
1965 and Orgebin-Crist, 1969). The epididymides are
dependent on androgenic hormones for growth and main-

tenance (Hansel and Mc fntee, 1970).

Recorded works on the prepuberal development oflthe
epididymis are scanty. Brigatti (1951) did not find any
relation between the increase in the weight of the epidi-
dymis of bulls with increase in age and there was no
relation between the‘weight of the epididymis and body
weight. Contrary to this Musgrave (1951) and Dunn (1952)
found that epididymal weight increased with increase in
body weight and advonce in age. Abdel-Raouf (1960) made

an extensive study on the postnatal development of the



. reproauctiGe organs in Swedish Red~-and-thite breed of
bulls. He found'that the growth rate of epididymis was
‘low in the new born animals but was accelerated at the

age of 16 to 45 weekas. The weight of epididymis increased
with inerease in body weight. Tﬁe right epididymis vas
heavier than the left at all ages studied,

In buffaloes there was & gradual increase in the
size of the head, body and tail of the epididymis with
advance in age (Osman, 1971). The consistancy of the
epididymis was moderately firm in the young, but slightly
hard in»older animals,

. Hauser et al.(1952) made investigations oh the
growth of epididymis in boars end found %hat the growth
- rate of epididymis was slower when cémpared to the growth
rate of testis though the epididymis attained closer to
mature size earlier than the testis, In Berkshire breed
of boars Niwa and Mizuho (1954a) observed that the age of
‘sexual méturity was around five to seéen months when t{he
body weight was 70 to 75 Kg. The development of epidi=
dymis wae remarkable from four months to seven to.éigmt
months of age and then slowed down. The proportion of
the weight of epididymis against body weight began to
1ncrease ét gbout four months of age, reached the peak in

‘about seven months and then slowed down. In Yorkshiie and



Polandchina breeds of swine similar observations were
rade by Niwa and Mizuho (1954b). Development of epidie
dymis was studied in Yorkshire bfeed of pigs by Thomas
(1975). He found that the weight of the epididymis was
positively correlated to age and body wéight. The left
epididyﬁis was found to be heavier than the right in all

- age groups.

The weight of epididyﬁia exhibited a general increase
with age in rams ranging in age from one to 64 weeks and
increase in the weight of epididymis was noteéd with
increase in body weight (Hhtéon et al., 1956). Terril
(1968) stated that the weight of epididymis was related
to age and body weight in gheep. Full development of the.

“reproductive‘organs are not reached until'puberty»at an
age of about 100 to 150 days or longer. Jozef (1969)
studied the epididymis of ten month old Polish mountain
breed sheep and found that the weight of epididymis |
rangea‘from nine to 26 grams,, Developmenfal studies were
conducted in the Dwarf Nigerian ram from six to 24 woeks
6f age by Aire (1973). He observed that at different
ages ‘the weight of epididymie was increasing with body
weight. |

As far as the buck is concerned the growth paftern'

of the epididymis did not get much attention so far.:
However, Yao and Eaton (1954) studied the postnatal



growth of reproductive organs in male goats of the |
Toggenburg and mixed breeds, ranging in age from seven
to 210 days. They found that the growth of epididymiLs
was well correlated with the body weight upto 114 days
of age.



MATE 1TALS AND METHODS

Epididymides were collected from 39 Malabari goats
reayed in the Livestock Farm and the "I.C.A.R. Co-ordinated
project on Goats for Increased Milk Production", Kerala
Agricul twral University, Mannuthy. The age of the animals
ranged from one to 180 days. On the basis of age at which
the organ was collected, the animals weré divided into

13 groups, each group compriging of three aninals.

The body weight of each animal was recorded to the
nearest 100 grams. The orgapn wag procured along vith the
testis by open covered method of castration following
" Berge and Westhues (1966). Anaesthesia faﬁ the operation
wag performed using 2% aguous solution of procaine hydro-
chloride, Locallinfiltratieziand blocking of the spermatic
cord on either side were performed. The spermatic cords
were blocked by injecting 2 to 10 ml. of 2% procaine hydro-
chloride solution on cither side. Immediately after
castration the material was kept immersed in normal saline
solufion. Then the tunica vaginalis was removed and the

epididymis was.gently seperated from the testis.

The following measurements in respect of the caput,
the corpyus and the cauda epididymis were recorded using

vernier calipers.
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i) Caput epididymis
a) Length of fhe caput
b) Thickness at the middle
ii) Corpus epididymis
é} ﬁength of the corpus
| . b) Thickness at the wmiddle
iii) OCauda epididymis
a) Length of the cauda

b) Thickness at the middle

The right and the left epididymides were weighedl
scperately and recorded. The data obbained was analysed

statigtically to determine the following:

i) Relation between age and epididymal weight
il) Relation between body weight and epididymal
weight '
iii) Relation between the weights of the right ond
the left epididymides.
For statistical analysis standard methods (Snedecor,

1957) were followed,



RESULTS

| The long axis of the testis was found to be
vertical and the epididymis was attached to the testis.
The head of the epididymis was dorsal and the tail
ventral to the testis. The body of the epididymis was
-attached on the posterio-medial éspect of the testis.

The goat numbexr, the date of castration, body ‘
weight and epididymal weight of experimental animals
are catalogued in table 1. The mean body weights and
mean epididymal weights of the different groups of ani-
mals are presented in table 2. The meén_length and mean
thickness of the caput, the-corpué and the cauda epidi-
dymis of the different age groups are given in table 3,

Analysis of data revealed that the weight of epidi-
‘dyﬁia was positively correlated to age ( r = 0.830;

't = 4.947) and body weight (r = 0.956; t = 10.580). It
wag further observed that the epididymal weight was more -
glgnificantly correlated to body weight than to age.

The epididymis showed asymetry in growth as explained;
by the gain in weight. The left épididym;aA was found
_Ato be heavier than, the right. The diffevence in weights
between the left and the right epididymides was signi-
ficant (t = 5.526) for goats of all age groups.



DISCUSSION

In the preseunt study the long axis of testis was
Lound to be vertical. The epididymié was attached on -
the testias with the head dorsal and the tail ventral to
the testis. The body was attached on the posterio-medial
agpect of the testis. Similar attachment of the epidi-
dymis on the testis was noted in bulls, bucks and rams

by Sisson and CGrosseman (1958).

Contrary to the findings of Brigatti (1951), the
present study revealed that the epididymal weight was
positively correlated to age and body'weight. Musgrave
(1951) and Dunn (1952) observed in bulls, increase in the
epididymal weight with increase in body weight and advanqe
in age. Similar opservétions were made in bulle by
Abdel-Raouf (1960). In the present study it was further
observed that the epididyumal weight was more significantly
correlated to body weight than to age. 7This wae In agree-
ment with tﬁe Tindings of Thomas (1973) in boars. In
male goats Yao and Eaton (1954) found positive correlation
between body weight and epididymal weight upto 114 days
of age. tatson et gl. (1956), Terril (1968) and Aire (1973)
observed increase in the eﬁididymal welght with increase

in body weight.

The left epididymis was found to be significantly
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neavier than the right. In bulls Abdel-Raouf (1960)
observed that the right epididymis was heavier than
the left. In boars Thomas (1973) found that the left

orgen was leading 1n'weight.

The verious dimengions of the epididymis were
found ‘o increage with increase in the weight of the
organ. A gimilar observation was made by Thomas (1973)

in boars.



PART -~ B
MICROSCOPIC STUDY



INTRODUCTION

Histoloéy of the epididymis in the adult has been
described in various species of animals (Maneely, 1954;
‘Reid and Cleland, 1957; Nicander, 1958 end Glover and
Nicander, 1971) .*‘ But the structural development of
the epididymis in goats from birth to adulihood has been
a neglected field of study. In the present study an
‘attempt is made to gather informatior; on the microscopic
anatomy of the goat epididymis during prepuberal develop-

ment.



REVIEW OF LITERATURE

The epididymis takes its or-igin from the mesonephros
of the embryo (Aréy, 1957; Julian and Tyler, 1959;
Iangman, 1969 and Balinsky, 1970). - The corpus epididymis
of a 60=day bull foetus is a nearly straight tube which
becomes convoluted into loops, by further elongatibm of
the tube, so that a highly complex coiling is established
by 110 days of gestation (Gier and Marion, 1970). |

~ There are only véry few reports published on the
postnatal histological developinent of the} epididymilas in
domestic animals, Abdel-Raouf (1960) deseribed the post-
natal ch'angels taking plasce in the' reproductive organs
in Swedish-Red-and-Wnite breed of bulls, The transfor-
mation from the infantile to the adult stage was divided
into two main processes, One was the increése in the
height of epithelium lining the epididymal tube and the
other was the differentiation of the epithelium from the
simple to the pseudostratified type. The two procéaases
started at birth, but were completed at different ages
in different regions and <ven within the same region,
Sperms were observed for the first time in 'the lumen of
the epididymis at the age -of 32 weecks, The density of
the spermswas found to be greater in the cauda than in - ;

the corpus or caput epididymis.
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| Hauser et al.(1952) studied the postnatal devélop-"
nent of epldidymis in the boar by measuring the tubules

at the ceput epididymis., In the Berkshire breed of
boars Niwa and Mizuho (1954a) observed that. the appearance
of spermatozoa for the first time in the lumen of the

cauda epididymis was after four months of age. The
number of spermatozoa inereased remarkably from five
months of age, reached a peak in seven to eight months
and thereafter no remarkable development was seen. In
the Yorkshire breed of swine also the first appearance
of spermatozoa in the cauda epididymis was after four
monthe Af age (Niwa and Mizuho, 1954b). The number of
spermatozoa increased rapidly in six to seven months of
age. Thomas (1973) stﬁdied the structure and develop-
ment of the epididymis in Yorkshire pigs and found that
the epithelium completeq the process of differentiation :
in different regions of the epididymal duct at different:
ages. Sperms were first observed in the lumen of the
epididymis at thé age of 150 deys. Density of the gperm

. was highest in the éauda, next in the corpus and lowest -

in the caput.

Pfeiffer (1928) observed the differentiation of
the epithelial lining from a simple to a pseudostratified
type in human beings. |

Carmon and Green (1952) studied the histological
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development of the epididymis in rams and found that the
epithelium lining the lumen of the duct showed a differén-
tiation from a pimple to a pseudostratified type. In male
lambs of six weeks of age sbme pseudostratification of
‘the epithelium had begun. Nearly mature developmeni; of
the epididymis wae found at ten weeks, Terril (1968)
observed thet the differentiation of sexual organs in
‘sheep began sbout 35th day following conception and the
serotum was apparent in the 50 to €0 days old foetus.

. However, full development df the reproductive organs were

not reached until the age of 100 to 150 days or longer.

As far as the goat is concerned the only available
reyoz% in this regard is that of Yao and Eaton (1954).
They found tha@ histologically the head and the tail of
the epldidymis were similar upto 70 days after birth,
After 70 days both the head and the tail appeared to
have pseudostratified epifhelium with two types of cells,
tall :columnar and cuboidal. Spermatozoa were séen in
the epididymsl lumen for the first time at the age of
110 days. Féur stagés of development were sugzested:

1. The young stage, from birth to 80 days, during nhich‘
the epithelium acquired its basal layer of cella,

2. The deveioping stage, from 80 to 114 days, during
which spermatozoa aﬁpeared in the epididymis. the epithe-
lial cells began to develop cilia ana the secretion of
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the epididymis increased to its full extent.

3', ”he growing stage, from 114 to 150 days, during this
stage no structural changes were noticed except for an
increase in the size of the organ.

4. The adult stage, from 150 days onwards. No structural

changes were noticed after this stage.

The structure of the epididymis in the adult animals
has been studied extensively (Friedrichs, 1906; ' Haneely,
1958' Nicander, 1958 and Glover and Nicander, 1971).

The epididymis in most of the domestic animals is
covered by a collagenous tunica albuginea., But in the
horse it is muscular, The inner layer éf the tunica
albugiheé gives off collagenous leaflets between the
lobules of the epididymis (Trautmenn and Feibiger; 1957).
Singh and Dhingra (1971) found that the tunica albwgiﬁea
of the epididymis in buffalo calves was made up of colla-

genous and reticular fibres withafew smooth muscle cells.

The\musculature of the different parts 6f the
mammalian epididymis has been the subject of much ¢ontro-
versy., Hammer (1897) denied its presence elswwhere
except in the caudal pprtion.of the epididymis. 3But
Aiéner (1900) working on human material found smooth
muscle around the tube wall throughout the epididymia.
Henry (1900) studied the epididymis of the rabbit, rat,
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guinea-~pig and dog and observed smooth muscle'aroumi the
epididymel tube in the caput, the carpué'an& the cauda.
e[:;ididymis. Presencé of smooth muscle surrouvnding the
epididymal tube in all the regighs of the epididymis

was reported by Spangaro (1902) in human beings. Benoit
(1926) found cmooth muscle around the tube wall in the
head, the body and the tail of the epididymis of the rat.
The gptire epididymal duct has a thin éircularly arranged
smooth{muscle coat lncrcasing in thickness from the head
énd the body to the tail portion (Irautmann and Feibiger,
1957; Arey, 1968; ‘Ham, 1969; Dellmann, 1971 and Matthews
and Martin, 1971). ' '

Friedriche (1906) deseribed the histology of the
epididymis of domestic animals, The epithelium was pseudo-
sﬁratified in the caput and the corpus but not in the
cauda of stallion and ram. In bulls two types of cells
were reported throughout the dﬁet. Epithelium'ﬁasihighest
in the caput, some what lower in the cdrpus and loweat in
the cauda, In stallion a similar difference was noted
for the stereocilia, which measured 20 microns in the
caput and 10 micionz in the cauda. The lumen was much
wider in the cauda, The epithelium lining the epididymal
duct in domestic animals 1s pseudostratified eilisted
columnar and rests on a basement membrane surrounded by

a thin cdllagenous propris. (Trautmann and Feibiger, 1957)..
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Thé diameter of the duct increased while the height of
epitheiium decreased from the caput to the cauda epidi-
@ymis, All the way through the duct the columnar epithe-
lial'ce}lefggg stereocilia, the length of which decreased
from the caput to the cauda (Julian and Tyler, 1959 and
Maneely, 1959). Glover and Nicander (1971) described
mammalien epididymis on the basis of histological and
cytological characterigtiée into an~initiél segment,

a middle or intermediate segment and a terminal segment.
The initial segment had high epithelium, long straight
stereocilia, which almost abliterated.the lumen and con-
tained only very little spermatoéoa. In the middle cegment
stereocilia occured regulerly and unlike those in the
 initial segement they were usually seen to be bent. The
lumen of the duct in this segment was wider. In the termi=-
nal segment epithelium was lower than those in the other
two regions.: Stereooilla was low and thin and the lumen
of the duet wag very wide and packed with spermatozoa.

Foote (1967) found that the lengﬁh of the epiﬂidymal
tube was nearly 100 feet in the bull, 155 feet in the
boar and 65 feet in the stallion.. But Blom (1968) reported
that the length of the epididymal tube was about 120 feet
in the bull and 180 feet in the boar. In man the length
of the epididymal tube was nearly 20 feet (Arey, 1968).:
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Studies on rate by Reid and Cleland (1957) and on |
rabbits, stallions, rams and bulls by Nicander (1958)
ahowedrthai,with respeet to the cytologie picture the
epididymis was divisible into distinet regioms. These
regions were agsumed to have atleast partially divergent
funetions. A number of surveys which touch upon the
epididymis and its functlons have been published in
recent years:(Bishop and Wlton, 1960; Amann, 19613
Bichop, 1961; Amann and Almguist, 1962; Salisbury and
Lodge, 1962; Mann, 1964 and Phadke, 1964). fThe epidi-
dymal epithelium; has absorptive and secretory functions
(Gustafsson, 1966), Unejaculated spermatozoa or spermato-
zoa confined to the epididymis by resection or ligatibn.
6f the ducts deferens or vasectomy have been reported to
be removed from epididymis by selective phagocytosis
by macrophages or resorbed (Roussel gt al., 1967 and
lambiese and Amann, 1967). Lino et gl. (1967) found
that in rams resorption of spermétozoa is not important
in the dieposal of surﬁlus spermatozoa, because it was
observed that the‘pumber of spermg voided daily in the
urine of sexually rested rams was_ab&ut the same ag the
total daily sperm cell productioﬂ. Longterm vasectomy
in the bull did not abolich spermatogen;sis, and testis
size was unaffected even after five years. Therefore

a mechanism is existing for the rehOVal of sperm cells
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from the epididymis (Igboeli znd Rakha,‘1970).

' Free (1970) reported that the testicular spermatozéa
and degenerating germ cells that were not phagocytosed by
the Sertoli cells were carried to the epididymia along
with testicﬁlar fluid, Degenerating spermatogenic cells
have been'reported in the human testis, in their germindl_
epithelium and the lumen by Bloom and Fawcetﬁ,(1971).
These cells were found to be carried with thé mature

sperms into the epididymis.

The time interval for the passage of sperm throughr
the epididymis differs in different species of animals,.
Toothill and Young (1931) found that particlea of Indiar
ink injected into the proximal part of guinea-plg £
epididymis took about 15 days to reaeh the duetus deferena.
In the bull Knudsen (1954) observed that the transport
of sperms from the germingl epithelium to the cauda epidi- -
dymis took seven to nine days. when apparently mature
spermatozoa became detached from ita'Sgrtoli cell in the
testis, it was still lacking the attributes escential
. for fertilization. ‘These properties were acquired, hoﬁever,
during 1ts passage through the epididymal duct (Bimhop
and Walton, 1960; Bishop, 1961 and Mann, 1964). The time
interval for the passage of sperms through the epididynis
had been estimated as 14 to 20 days in the ram, 8 to 11
days ‘in the bull and 10 deys in the boar (Swierstra,1968).
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The cauda epididymis is the store house for sperms.
Spermatozoa removed from the tail of the epididymis were
more fertile than those removed from the head of the
epididymis (Young, 1931). The head region of the epidi-.
dymié_in human beings contained only small number of |
sperms. Mason and Shaver (1952) claimed that this migﬁt
be due to the rapid passage of sperms through the first
coils of the duct than through the distal segmenta.
Bialy end Smith (1958) studied the variations in the
sperﬁ content of the aifferent regions. of the epididymis
in bulls and found that the cauda epididymis contained
45,42%, the corpus epididymis contalned 18.34% and the
caput epididymis contained 36.,24% of the total sperms
counted in the epididymis. Almquist and Amann (1961) |
reported the extra gonadal sperm reserves in bulls, |
with 29% in the caput, 7% in the earpus'and‘53%-im the
cauda epidiﬁymié, 3% of the sperms were found in. the
efferent ducts and 8% in the ampullae. Blendu and
Rumery (1964) stafe@-that the sperms removed from the °
caude epididymis were more fertile than sperms renoved
from any other part of the epldidymis. In buffale bulls
Verma ¢t al. (1965) found that the caput, the corpus and:
the cauda epidi&ymié contained on an averaée 25.09%,
8.03% énd 66,92% of‘the'total epididymal sperms. ‘Sperﬁato~
zoa in the caudal part of the.epididymis'wére found to



24

be more fertile than those from the caﬁut or’the corpus
(Paufler and Foote, 1968 and>Igboeli and Foote, 1968).
Nawrocki et g_:_L, (1973) found that the fertilizing life
of spermatozoa in the caﬁda epididymis was approximately

25 days in mice and hamsters.



MATERIALS AND METHODS

For investigating the structural development during
postnatal period, the same materials used for biometry
gtudies were used., ZFrom each animal either the right
or the left epididymis alone was studied.

Slices representing the cross section of the caput,
"the corpus and the cauda epididymis, abaut-z to 3 mm, in
thickness were ;emoved. These pieces of tiscues were
fixed in Bquin's>f1uid for 36 hours, IThe fixed tissues
were washed in running water, dehydrate& in alcohol,
cleared in xylene and embedded in paraffin. Sections of
5 micerons’ thickness were-cnt and stained by haematoxylin
and eosin (regreésive method) and also by the van Gieson's
technique (Humason, 1967).

Histological observations included the diameter of
' the ductus epldidymis and its lumen in the caput, the
corpus and the cauda, the helght of epithelium lining
the lumen, the thicknesé of the muscular investment
around the epididymal‘dﬁct and the_procesé'of differen=~
tiation of the epithelium froﬁ'the simple to the pseudp-
stratified type. For measurements an ocular micrmmetai

I

standardised against a stage micrometer was used.,



RESULTS

The epididymis is divided into three regions
viz., the caput, the corpus and the cauda (Fig. 1).
The mean values of the diameters of the epididymal duct
and its lumen, the height of ep;thelial lining of the
epididymal duct and the thickness of the smooth muscle
coat around the epididymal duci for the caput, the
corpue and the cauda.epididymis forlthe different =ge

groups are présented iﬁ tables 4,5 and 6,

A comnon finding with respect to the caput, the
corpus and the cauda epididymis of all the age groups
‘was about the tunica albuginea and interstitial tiassue.
The tunieca albuginea.consisted mainly of fibrous tiscue,
Towards the inner pgrt, the tunica albuginea contained
few circularly arranged smooth muscle fibres. The inter-
stitial tissue was fibrous in structure. Circularly
ar;anged smooth muscle fibrils were found around éach
tubule, the thiclmese of which increased from the head
to the tail portion of the epididymis. The process of
pseudostratification of epithelium was completed in the
different regions at different ages. Wwhen thé process
waslcompleted fﬁb types of epithelial cells could‘he
observed, tall columnar and low cuboidal. Structural
details of the different region: of the epididymis of
the different age groups are given below,
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Group I (Day-old goats)

Caput:~ The epithelium lining the lumen of the tubules
" was simple (Fig.2), the mean height of which was 12.485
microns. Some of the tubules were lined by cuboidal and
others by columnar epithelia. The nucleus was spherical
rand the cytoplaém was clear, The mean diameter of the
epididymal duct was 58.467 microns and that of its lumen
was 44,080 microns, The thickness of the emooth muscle

coat around the tubules measured 6.660 micronss

Corpus:- Most of the tubules were lined by simple
cuboidal (Fig;B) and others by simple columnar epithelia.
The epithelium measured 11.655 microns in height: The
cytoplasm of epithelial cells was clear and the nucleus
was spherical in shape. The diameter of the epididymal
duct and it lumen measured 75.580 microns and 63,936
microns respectively. The thickness of the smooth mugcle

coat was 9,990 microns.

gggggif  The tubules were lined by simple epithelium o#
columnar as well as cuboidal types in different tubules
(¥ig.4). The mean epithelial height was 14,485 microns,
Cytoplasm of the epithelial cells were clear and the
nuclei were spherical, The epididymal duqt,measured
87579 miér&ns and its lumen 78.919 microns in diametexr.

The smooth muscle coat was 13320 microns in thickness.



Group II (15 days old goats)

Caput:- Not much change was noted from the caput of the
dayaoid group, ekcept for a slight increase in the measure-
ments of the epididymal duct, its lumen, the height of
epithelium and the thickness of the museular investment.
The epithelium was 13,650 microns in height. The epidi-
dymal duct and its lumen were 69.938 microns and 53.193
microns réspecﬁively in diameter. The smooth muscle coat

of the epididymal duct measured 9.999 microns in thickness.

corgusé- Most of the tubuies presented columnar epithelium
with oval nuclei. Some of the tubules were lined by
cuboidal epitheliqm with spherical nucleus. Cytoplasm of
the epithelial cells was clear. The height of epithelium
was 12.483 microns, The diameters of the epididymal duct
and its lumen measured 87.136 microm and 74.159 microns
reépectively. The mean th;ckness of the smooth muscle

coat was 13,320 microns.

gggggz- Simple'epitheiium was founﬂ'lining the tubules.
Some tubules were lined by cuboidal epithelium with
spherical nucleus while others by columnar cells with

oval nucleus._:cytoplasm was clear, In someltubulea the
nuclei were oriented at different levels, as an indication
of the begining of pseudostratification, The epithelium
was 16,650 microns in height. The epididymal duct
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measured 110,223 microns in diameter and its lumen
measured 92.198 microns. The smooth muscle coat was

16,650 microns thick.

Group -III (30 days old_goats)

Caput:~ Majority of the tubules showed simple colummar
epithelium with oval nucleli and clear cytoplasm. Tubul@a
lined by cuboidal epithelium with spherical nuclei were

- also observed. But they were very féw in number., The
helight of epithelium was 18.147 microns. fThe diameter
of the epididymal duct .was 86,110 microns, diameter of
its lumen was 66,163 microns and the thickness of the

smooth musele coat vas 11.655 microns.

Corpus:~- The tubules were lined by simple columnar
epithelium with oval nuclei and clear cytoplasm. A few
tubules ghowed pseundostratified columnar epithelium
(Fig.5). In many of the tﬁbules. the columnay cells were
cilated, The epithelial height, diemeter of the epidi-
dymal duct, diameter of its lumen and thickness of smooth’
muscle coat were 16,651 microns, 98,130 micréns, 80,580

microns and 14,985 microns respectively.

Cauda:- Some of the tubules had completed the process oﬁ
peeudostratification of epithelium and the rest of the
tubules were lined by simple columnar epithelium (Fig.6).

Cilia were present at the free borders of the columnar
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epithelial cells in some of the tubules. . ColumnarAcella
had large and oval nuclei while the cuboidal cells
possessed smell, spherical nuclei. . The epithelium was
19147 microns in height. | The diameters of the epidi-
dymal duct and its lumen were 113f553 mierons and 98.518
mierons réspectively. The thickness of the.smooth muscle

coat measured 18,650 microns.

Group IV (45 days old zoats)

Caputs-~ Not much change was noted from the caput of the
previous group except for an increase in the various
measurements, Cilia were seen at the free border of the
epithelial cells. The epithelial lining was 20.979
microns in height., The epididymal duct measured 97.912
microns and the lumen of the duct was 75.933 microns in-
diameter. Smooth muscle coat was 13,320 microns in |

thicknesgs.

Corpus:~ Some of the tubules showed peeudostratified
columnar ciliated epithelium (Fig. 7). Tubules lined by
columnar epithelium were also seen, ;Qhe epithelium -
lining the tubules averaged 19.980 microns in height.
The diameter of the epididymal duct was 103.005 microns
and its lumen measured 83.244 microns in diameter. The
mean thickness of the smooth muscle coat was 16.650

microns,
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éggggiy Majority of the tubules showed pseudostratified
columnar ciliated epithelium. The cytoplasm of the
epithelial cells was acidophilic, In a féw of the
tubules the process of pseudostratification was not
completed., They had simple columnar epithelium with
elongated nuclei. The epithelial height was 20.979
microns, The epididymal duct. and its lumen measured
153,513 microns and 120.176 microns respectively in |
Adiameter. The smooth muscle coat was 19,980 microns

in thickness.

Group V (60 days old goats)

Caput:- All the tubules were found to be lined by
pimple columnar epithelium with elongated nuclei and:
clear cytoplasm. Cilia were presgent at thé free border
of the epithelial cells. An increase.in the various
measurements was noted. The epithelium measured

21.975 microns in height. The epididymal duct was
110.223 microns in diameter and its lumen measured
86;248 microns in diameter. The smooth muscle around

the epididymal duct measured 16.650 microns in thickness.

4

Corpusg:= lMore tubules tham in the corpus of the previoueE
group showed peeudostratified columnar epithelium.. Many
of the tubules showed simple coluumar epithelium, Cilia

were present at the luminal border of the columnar cells,
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The epithelium lining the tubules averaged 21.311 microns
in height. The diameter of the epididymal duct and its
lumen were 122.134 microns and 99,157 microns respectively.
Smooth muscle coat around  the tubules showed a mean

thickness of°19.980 microng.

Gauda:- Compared to the cauda epididymis.of the previous
-age group not much ehange was observed, except for an
1ncrease in the height of epithelium (24.975 microns)
and diameter of the epididymal duct (200.466 microns)
and its lumen (134.487 microns). “The smooth muscle coaﬁ
showed glight increase in thickness (23, 310 microna). A
few of the tubules were yet showing 81mple columnar
epithelium with elongated nuclei and clear ggtoplaem.
All others were lined by pseudosfratified egithelium
with aeidophilic cytoplasm. Colomnar epithelial ce]la
had cilia at their free border.

'Groug-VI-(?é days old goats)

Qééﬂﬁi? Simple columnar epithelial cells lined the
_tubules. They had elongafed nuclei and clear cytoplasm.
Cilia were present at the :reezborder of the epitheiialg
cells, The epithelium on en.average measured 24.640
microng in height. The epididymal duct and its lumen
were 122.544 microns end 94,905 microns respectively in

diameter. The smooth muscle coat around the epididymal-
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duct was 21.645 microns thick.

Corpus:~ 7Tubules lined by pseudostratified columnar
epithelium was more in number, compared to the corpus
epididymis of the previous group. OCytoplasm of the
cells of these tubules was acidophilic. In many of the
tubules pseudostraﬂfication of the epithelium was not
completed, Such tuvbules possessed simple columnar
ciliated epithelium with elonzated nuclel and almost
clear cytoplasm,’ The mean height of epithelium lining
the tubules was 24.932 microns. The epididymal duct
was 141,191 microns in diameter. The lumen of the epidi-
dymal duct measured 109.316 microns in diameter. The
smooth musclé coat around the epididymal duct averaged
24,975 microns in thickness.

Cauda:~- The process of pseudostratification of epithelium
in the cauda epididymis was completed at this age (Fig.8).
The columnar cells presented cilia at their free border.'
The cytoplasm was acidophilic. The lumen of some of the
tubules contained a hompéenoua mass of acidophilic mate-
rial. Thg mean height of epithelium lining the tubules-
was 26,640 microns. The diameter of epididymal duct and
its lumen measured 214,785 microns and 147.315 microns
respectively., The thickness of smooth muscle coat around

the epldidymal duct measured 28.305 microns.
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Group VII (90 days old goats

Caput:~ Few of the tubules were lined by pseudostratified

épithelium, and the rest of the tubules were lined by

simple columnar epithelial cells, Cilia were present at;
the free border of'the columnar cells. The epithelium

| measured on an average 26.968 microns in height, = The

epididymal duct measured 126.843 microns ani its lumen

was 95.904 microns in diameter, The mean thickness of

smooth muscle coat was 23%.310 microns.

Corpus:- More tubules showed pseudostratified colummar
epithelium. The proceés of pseudostratification was not.
completed in many of the tubules. In all the tubules
colunnar cells showed cilia at their lhmina} surface.
The mean height of epithelium lining the tubules was
28,315 nicrons. The diameter of epididymal duct and its
lumen measured 175.480 microns and 124.185 microns
'respeétively. Smooth musele coat was 26,640 microns in

thicknesaq'

Cauda:- All the tubules showed pseudostratified eolumnar
epithelium with cilia at their free border. Masses of
acidophilic material méfe found in the lumen of the .
tubules. The mean height of epithelium lining the tubulep
was 28,968 microns. The epididymal duct was 239.760

microns in diameter. Its lumen measured 155.285 microns
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in diameter. The thickness of the smooth muscle.investei

ment averaged 29.970 microns.
. p

Group VIII (105 days old goats)

ggpgga-' Some tubules ﬁére lined’bf pseudostratifisd .
columnar epitheliuﬁ_and others by simple columnar epithe=
lium, In both types eilia were present. The eﬁithelial%
height measured 35.296 microns. The diameters of the
épididymal duct and its lumen were 142.850 microns and
105.561 microns respectively. The ihigknesé of the

smooth muscle coat was 28.305'micrans.

‘Corpugs- Most of the tubules showed pseudostratified
columnar epithelium end the remaining ones ﬁresented
simple éblumnar.epithelium. The columnar epithelial
cells vere ciliatede The epithelial height, the diameter
of the epididymal duct and its lumen and the thickness

of smooth muscle coat weré 34.19O microns, 178.825 microns,

144,533 microns and 29,970 microns respectively. ‘

gggggir-fseudostratified columnar ciliated'epithelium/was i
seen lining_ail the tubulea. The mean height of epithe-
livm was 34.296 microns. The epididymal duet measured_
242,757 ﬁierons ih diameter. - Its lumen was 168.183
microns in diameter. ‘Masses of acidophilic material was
found in the lumen of many of the tubules. The smooth |

mascle coat around the ductus epididymis in this region




36
was 354.965 microns thick.

Group IX (120 days old goats)

Caput:= Fairiy good number of tubules presented peeudo-
stratified columnar ciliated epi%helium lining the lumen.
The rest of the tubules were lined by gimple ciliated
columnar epithelium with elongated nuclei and some what
clear cytoplasm. On an average the epithelial lining
measured 46.946 microns in height. The diameter,of the
epididymal duct and its lumen wére 161,518 micras znd

' 113,938 micrdns regpectively. The thickness of the

muscular investment was 29.970 microns.

Corpus:- A large number‘of tubules were lined by pseudo-

stratified columnar ciliated epithelium. Only very few
tubules were remaining with simple ciliated columnar |
epithelial lining., The mean epithelial height was 404291
microns., The epididymal duct was 196,471 microns and its
lumen was 154.178 microns in diaﬁeter. The thickness of

smooth muscle coat averaged 33.300 microns.

Cauda:- Pseudostratified ciliated columnar epithelium
vwhich measured 34.333 microns in height, was found lining
~the lumen of the epididymal duct. Masses of acidophilic
material were presént in the 1uﬁen of many of the. tubules.

The mean diameters of the epididymal duct and its lumen
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were 248.751 microns and 189,549 microns respectively.
The smoo&h musclé coat in this region'was.39-960

microns thick,

Group X (135 days old goats)

Caput:~ Except a few tubules lined by simple ciliated
columnar cells all other‘tuhules were lined by pseudo=-
stratified epithelium, with cilia on the free surfage
of the columnar cells, The mean height 'of epithelium
measured 53.540 microns. The epididymzl duct was
193.803 microns in the diameter. . Its lumen measured
142,875 microns in diameter, The thickness of the

emooth muscle coat was 30.802 mierons,

Corpus:=- In the corpus épididymis pseudostratification
of epithelium was completed at this age (Fig.Q).‘ All

the tubules were lined by @seudo:tratified ciliated
columnar epithelium, the mean height of which wasg

48.275 microns, The epididymal duct and its lumen
medsured 220.115 microns and 174 .829 microns respectively
in diemeter. Thickness of the smooth musele coat vas

34+132 microns..

Cauda:~ All the tubules were lined by columnar ciliated °
epithelium, The lumen of many of the tubules contained
homogenous masses ofAécidophilic méterial. The height l
0f epithelium was 36.631 microns, The epididymal duct
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measured 269.064 microné in diameter. The diameter of
its lumen wae 200.167 microms. The thickness of smooth

muscle coat was 40.792 microns.

Group XI (150 days old goats)

Caput:~ Pseudostratified columar ciliated epithelium

was found to be the lining of all the tubules. The mean
height of epithelium was 59.531 microns. The mean clia=

meters of the epididyﬁal duct and its lumen were 202.734"
microns'and-144.299 microns respectively. Most of the
tubules éontained a homogenous, acidophilic mass. The
lumen of some of the tubules contained spherical cells
with spherical nuclei (Fig.10). These cells measured
from 3.330 microns to 16,650 microns in diameter, ‘he

thickness of the smooth muscle coat waé"BB.OOO microns.

Corpus:~ Pseudostratificd eiliated columnai epithelium
1ined the lumen of the duet (Fig.11). The epithelial
height (52}610 microns), the diameter of the epididymal
duct (237.437 microns), diameter of its lumen (174.825
microns) ahd the thickness of the smooth muscle coab
(36.630 microns) were more than those of the previous
£roup.

ggggQ:-VExcept for an increase in the various meagure-

ments not much change was noted. Acidophilic masses

were presgent ;n the lumen of most of the tubules., The
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Epithelial lining averaged 40.615 microns in height,
The diameters of the epididymal duct and its lumen
were 278.721 microns and 248.751 microns respectively.
ihe lumen of few of the tubules contained the same |
type of cells that were fouhd in the caput epididymnis
of the same group (Fig.12). Thq'smooth muscle coat
was 44.189 microns in thickness. ‘

Group XII (165 days old goats)

Caput:~ Many of the tubules cbntained a few sperms in
their lumen (Fig.13). Few of the tubules contained
spherical cells with spherical nuclei along with sperms.
These cells were gmaller in size compared to the cells
observed in the previous.group. The diameter'ranged

from 3,330 micrbna to 13.320 microns. Epithelial lining
of the tubules was pseudostratified columar. ILong stereo-
cilia was seen projecting into the lumen of the tubules. .
The height of epithelium measured 59.973 microns. The
epididymal duct was 210.433 microns in diameter. Its
lumen measured 150,457 microns in diameter. The smooth

muscle coat was 32:970 microns in thickness.

Corpusgs~ Concentration of sperms was more compared to
the caput epididymie of the same group (Fig.14). Epithe=-
lium wae pseudostratified columnar with cilia which was

ehorter than that of the caput epldidymie. The lining
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epithelium of the lumen measured 53, 246 microns in
height. The epididymal duct amd its lumen were 270«729
microns and 185, 684 microns resaectively in diameter

The smooth muscle coat was 35,625 microns in thickn&ss.

Cauda:- Compared to the caput and the coipus, the
cauda contained more sperms (Fig.15). Here aiso the
_same type of cells that were présent in the cqput epldi-
dymis of the same group were observed, The epithelium
was pseudostratified colummar with cilia wﬁich were
lower than that in the corpus or caput epididymis. The
epithelial height was 41.458 microns., The epidid&mal
duct measured 293,706 miérons iﬁ diaﬁeter. Its lumen

was 258, 064 microﬁs in diametera The smooth muscle coat

measured 41 101 microns in thickness.

Group XIII (180 dgxg old»goatg)

Caputs~ Except for an inbreaée in the concentration of -
sperms (Fig.16) no change was noted from the caput of
 the 165 dayé'old group. Pseudostratificd colummar epithe~
lium measuring 59,980 Qicrons in height was found lining
the tubules, The'columnar cells-had‘long,stereocilia
projecting into the lumen. The epididymal duct and ite
lumen measured 215;413 microns and 154,447 microns
respectivelﬁ in diameter. Thé thickness of the smooth

muscle coat averaged 33,797 microns.
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Corpug:~ The sperm concentration was more than that in
the coxpus of the previous group. The lumen was lined
by pseudostratified ciliated columnar epithelium
(Fig.17). Steriocilia wzp lower than that in the caputs
Epithelial height measured 53.248 microns. The epidi-
dymal duct vwas 273.161 microns invdiameter. Lumen
measured 198,780 microns in diameter. The smooth muscle

coat wag 35,338 micronsbhick.

Canda:~ The lumen of the tubules were packed with sperms
(Pig.18). Psevdostratified ciliated columnar epithelial
cells were lining the lumen of the epididymal duct. The
stereocilia in the couda was lower than those in $he
caput or corpus epididymis, The mean height of the
epithelium was 41.618 nicrons, The epididymal duct and
its lumen measured 295,704 microns aﬁd 260.104 nicrons |
regpectively in diameter. Thickness of the smooth muscle

coat was 40,290 microns.
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later in the .corpus and last in the caput. At the agé

of 30 days a few tubules in the corpus and éauéa mhoﬂéd
peeudostratified epithelium, Pseudostratified eplthe-
lium was seen for the first time in the caput at the |

age of 90 days. In the cauda the procesa'of-pseudo-
straiification.waa completed by 75 days, in the corpus

by 135 days and in caput by 156 days after birth. The
above observation revealed that the development took

place in the ascending manner from the cauda and the,
“corpus to the caput. Similar dbservations were made in
bulls by Abdel-Raouf (1960) and in boars by Thomas (1973).
Yao and Eaton (1954) reported pseudostratified epitheiium
in the head and tail of the.eﬁididymie in male éoaﬁs,

70 days after birth. But the age at which the process

was completed was not mentioned. Carmon and Green (1952)
also obgerved pseudostratification of the epithelial
lining of the ebidid&mal‘duct in rams., Pfeiffer (1928)
reported that differentiation of the epithelium from the
simple to the pseudostratified type was due to the
division of the simple columnar epithelial cells. After
division @he basal cellg alternating with columnar cells ‘v'
were seen arranged on the same basemeéent memb:ane. Jgg;se
findings agree with a similaﬁ_précess in rams described
by Carmon and Green (1952), in male goats bnyao and
Eaton (1954), in bulle by Ahdel-Raouf,(1960) and in boars
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by Thomas (1973).

‘The height of epithelium increased in the various
regions with increase in age. An observation similaxr
to .this wae mde in male goats by Yao and Eaton (1954').
The findings of Abdel-Raouf (1960) in bulls and Thomas
(1973) in boars agree with the present:reshlts.. Regional
aifferences in the height of epithelium were noted at |
birth and aleo during the period of development. 4t
birth the epithelium was highest in the cauda, next in
the caput and lowest in the carpus.. But in the adult
snimals the epithelium was highest in the caput, next
in the corpus amd lowest in'the.cauda. The maximum
height for the epithelium was attained only after the
pseudoatratification was completed. The epithelium in
the cauda which was higheét at birth attained its aauly
‘ height earlier than that 1n the other two regions. The
descriptions given for the bull by Abdel-Racuf (1960)
‘are in accordance with the results recorded here., 1In
adult animals the epithelium haé been reported to be
highest in the caput and lowest in the cauda by
Friedrichs (1906), Julian and Tyler (1959), Blom (1968),
Dellmann (197¢) end Glover and Nicamder (1971). |

Cilia on the free border of the columnar cells

were observed at 30 days of age in the corpus and the
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cauda. In the ecaput iegion cilia appeared at 45 days
of age. During the earlier stages of development the.
cilia in the different regions were found to be low.

o distinet regional difference in the height of the
cilia was noted. But in group XII (165 days old. goats)
and group XIITI (180 days old‘goatsgl higégst cilia
were observed in the caput region. Oorpué region
possessed lower clilia and ceuda had the lowest cilia.

In male goats Yoo end Eaton (1954) found cilia in. the
caput epididymis at 80 days of age. He did not mention
about eilia in other regions. In the bull Abdel-Raouf
(1960) observed cilia in some porfion of the caput and
the cauda even at birth and the corpus region showed
cilia at eight weeks of age. In' the boar, Thomas (1973)
found well deieloped cilia in the éaput, the corpus and
the cauda at 105 days, 120 days and 30 days respectively.
In adult animals, Friedrichs (1906),Julian end Tyler :
(1959), Mancely.(1959), Glover and Nicander (1971) and
Dellmenn (1971) found that the height of stereocilia
deepeased from the caput and corpus to the cauda epidi-
dymis., 4 sinmilar observation was recorded in the presént

study .

‘The diareter of the epididymal duct and its lumen,
aléo showed regional differences. Both the measurements

were greatest at the caudé, lesser in the corpus and
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least in the caput. These regional differences were
maintained throughout the postnatal period.  4An increasé
in the diameter of the duct and the lumen was noted

with advance in age. In rams a similar observation wés;
made by Carmon and Green (1952). In male goats Yao and
Eaton (1954) observed that the diameter of the lumen of
the epididymal duct increased with increase in age. But

" no regional differences were mentioned by the author.
Findings of Abdel-Raouf (1960) in bulls, and Thomas (1973)
in boars are in agreement with precent observations. In
adult animals a similar regional difference was reported
by Trautmann end Feibigzer (1957), Julian and Tyler (1955).
Dellmann (1971) and Glover and Nicander (1971); In adult
human beings also sudh regional'differences are noted
(Arey, 1968; Ham, 1969; Bloom and Fawcett, 1971 and
Matthews and Martin, 1971). |

The present study revealed the presence of circularly
arranged smooth muscle tihres around each tubule in all
the regions of the epididymis at all ages. An increace
in thic&nese of the smooth muscle coat was noted with
advance in age. As observed in the present study; Thom%s
(1973) reported the presence of smooth muscle coat in the
epididymis in boars at all ages from birth to maturity.

An increage in the thickuness was also noted with increase

in age. In adult animals, according to Hammer (1897)
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smooth mugcle was present only in the caddal portion of
the epididymis. But the observatiors of Aigner (1500)
and Spangaro (1902) in human beings were in agreement
with the present findings, Henry (1900) observed
circularly arranged emooth muscle aroundAthe epididymal'
tubules in all regions of the epididymis in the rabhit,
rat, guinea-pig and dog. In the present investigation
it was further observed that the thickness of the smooth
muscle coat increased from the head and body to the |
tail portion of the epididymis. Similar findings had
been reported in dom:stic animale and man by Benoit
(1926), Trautmann and Feibiger (1957), Arey (1968),

Ham (1969), Dellmann (1971) and Matthews and Martin
(1971 ).

The tunica albuginea in the present material con-
gisted mainly of fibrous tissﬁe.- Towards the inner part &
few smooth muscle fibres were also observed. Hence the
tunica albuginea was fouhﬂ to be fibroe-musculaxy in the
different regiong in all the age groups. Irautmann and
Feibiger (1957) reported the twnica albuginea to be
collagenous in domegtic animals except in horse where it
vas muscular, In man it was regorited to be fibrous
(Ham, 1969). Singh and Dhingra (1971) found collagenous
end reticular fibres and cmooth muscle cells in the tunica

albuginea of the epididymis in buffalo calves. The
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interstitial tissue was found to be fibrous in structure.
Similar observation was made in human beings by Arey

- (1968) ond Ham (1969).

Sperms were observed for the first time in the
lumen of the epididymal tubules in the caput, the corpus
and the cauda at the age of 165Idays., In the 180 days
old'énimals'the denéity’of the spermgwas greater coﬁparéd
'to the 165 days old goats. In maleégoats of thevmoggen+
burg and mixed breede Yao and Eaton (1954) observed
sperms in the caput epididymis at 110 days of age and
in the cawda at 114 days. In bulls Abdel=-Raouf (1960)
‘found ‘sperms in the epididymis at 32 weeks of age. In
boars Niwa and Nizuho (1954a) and Niwa and Eizuho (1954b)
observed sperms in the cauda epididymis for the first
Atime, after four monthsof age. Thoms (1973) round sperms
in the epididymis of boars at 150 days after birth. In
the present ihvestigaticniit was also observed that the
concen tration of sperm was highest in the cauda, lover
in the corpus aﬁd lowest in the caput. The cauda epidi~
~ dymis had been reporied to be the storehouse for sperms
by Young €1931). 1In human beings Masbn and Shaver (1952)
reported lowest concentration of sperm in the head region
of the epididymis, and the author claimed that this might
be due to the raﬁid passage of sperms through the iirst

colle of the duct than through the distal segments..
§
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' Similar observations were recorded in bulls by Bialy
and Smith (§958), Abdel~Raouf (1960), Almquist and
Amann (1961)‘and Blandu and Rumery (1964). Findinge in
buffalo bulls by Verma et al. (1965) and iﬁ_boars by
Thomas (1973) are in agreement with the observatsions

recorded here.

In the 150 days old goats the lumen of the epidi~-
dymal duct in the caput and cauda contained some
‘spherical cells with spherical nuclei. These cells
were found mixed with a homogenocus mass of acidophilie
material. . The cells measured from 3.330 to 16,650
microns in Giameter. The same typeiof cells were found
along with sperms in the lumep of the daput and the
cauda epididymis in the 165 days old animals also. In
the latter case the cells were smaller, and ranged 1In
diameter.frem 3,330 microns to 13.320 microms., Fres
(1970) reported fhat,in memmals spermatozoa and degene=
rating germ cells that are mot phagocytosed by the
Sertoli cells, were carried to the epididymis along with
testicular fluid, Degenerating spermatogenie celle have
been reported in the human testis, in their germinal
epithelium and the lumen by Bloom amd Fawcetd (1971) .
These cells were reported to be carried with mature
sperms into the epididymis. It was also reported by the
same authors that this was not pathological unless it
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exoecded certain limits. Therefore, the cells observed
in the present study might be spermatogenic cells those

have originated from the testis.
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GENERAL SUMMARY AND CONCLUSION

The epididymis was abttached on the testis, the
long axis of which was vertical. The caput epididymis
was attached on the dorsal_aspeet of the testis and
the‘cauda on fhe ventral aspect. On the posterio-mediai
agpect of the testis the corpus epididymic was attached!

The epididymal weight was positively.correlated
to age and body weight., The weight of épididymis was
more significantly correlaxedlto‘body weight than to
age. The left epididymis was found to be gignificantly
heavier than the right. The length and thickness of the
caput, the corpus and the cauda increased with increase

in the weight of the epididymis.

Regional differemces in the structure of the epidl
dymis were-noted'from,birth to adulthood. The epithelial
lining of the epididymal tubules in the new born animalg
was simple, But in the adults the epithelium in all
regions was pseudostratified columnar with cilia on the
1um1nal surface of the cdlumnar cells. The process of
pseudoetratification was completed in the cauda by 75 days,
- in the corpus by 135 days and in the caput by 150 days
after birth. The height of epithelium showed regional
differences, In the day-old animals the epithelium was.
"highest in the cauda, lower in the caput and lqest in the
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cqrpus,‘whereas in the adult the epithelium was highest
in the caput, lower in the corpus and lowest ip the
- canda. The height of stereocilia increased from the

" ecauda to the caput.

The diameter of the epididymal duct and itsllumen
also chowed regloml differgnces; Both these measure=-
" ments were greater in the caunda, less in the cdrpua and
least in the caput. This difference in diameter was
maintoined throughout the period of development.

Circularly disposed smooth muscle fibres were founé
around the tubules in the different reglone at all ages
The thickness of this musecle coat increased from capu#
to the cauda. This regioml difference remained through-
out the period of development. 'The tunica albuginea of
the epididymis was found to be fibro-muscular in structire
with é predominance of fibrous tiseue. Few smooth mugcie
_cells were found towards the inner side of the tunica

albuginea. The interstitial tissue was fibrous in natuﬁe.

Sperms were observed in the epididymis at 155 days
of age. The demsity of the sperg?was meximum in the
cauda, slightly lesc in the corpus and leaSt in the
caput, In group XI (150 days old animalgs) end group XII
(165 days old animals)'the epididyumal lumén in the caput
and the éauda-contained spherical eells with spherical
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nuclei. These cells were considered to be spermatogenic

cells originated from the testia.
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Age, vody weight and epidldymal weight or
experimental animals.

Table. 1.

S1 Goat Date of Age at Body ht.at Lpididymal Wt. in grams

No. Hoe. cagtra- castra- castration =~

- tion tion in in Kg. Left Right Total
——— e —— I 1= 3’4 - | s
1.2 3 __4 5 6 7. 8
1 376 13- 7=75 1 2,000 0.136 0,126 0,262
2 383 18« T7=75 1 1,800 0.120 0,110 0.230
3- 379 15= 7=75 1 2,100 0,140 0,130 0,270
4 357 10=12-=74 15 2,800 0.170 0,160 0,330
5 407 2-2-75 15 34100 0.190 0,180 0,370
6 411 18- 2-75 15 %4300 0,200 0,190 0,390
7 363 24=-3=75 30 34300 0.390 0.374 0,764
8 605 28- 3=75 30 44000 0.380 0.370 0.750
‘9. 409 4= 3-75 30 4,600 0.400 0,380 0,780
10 601 7= 4-T5 45 54500 0.450 0.430 0,880
11 255 22-2-T5 45 5 +800 0,470 0,470 0,940
12 597 29- 3=75 45 6.000 0.500 0,490 ©,990
13 237 13-12=74 60 74200 2,100 2,000 4.100
14 583 30- 3-75 60 5¢500 1,200 1,100 2.300
15 402 4= 4-75 €0 64000 1.500 1.450 2,950
16 575 27= 3=75 7% 8,600 2,100 2,090 4.190
17 417 23=5=75 75 74300 1,700 1.600 3,300
18 419 27-5-75 75 9.000 5,000 4,900 9.900
19 559 29« 3=75 90 5.900 1.900 1.800 3.709
20 256 8= 4=75 90 6.800 12,000 1.850 -3.850
21 273 23%= 4=75 90 9,700 3,500 3,400 6,900
22 340 12=-12-74 105 6.100 3,500 3.350 6,850
23 549 29~ 3=75 . 105 11,200 5.800 5.700 11.500
24 403 27- 5=75 105  10.700 4,800 4.750 9.550
25 338 7-12-74 129 5,530 2,300 2,200 4,500

(centd. po‘ o'o)



Table, 1« (continued)
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7

8

39

507

: 20 4=T5

142,700

§.400

1 2 3 4 5 6 ]
26 539 25=- 3=T5 120 . 8,400 2,300 2,150 4.450
27 541 27- 3=75 120 9,400 3,200 3,100 6,300
28 328 13-12-74 135 5 +300 1.000 0.950 1.950
29 330 14-12=74 135 7.000 1.900 1.850 3.750
30 530 27- 3=75 135 7.400 2,200 2,100 4,300
31 . 225 28~11=T5 150 . 6,200 1.250 1.200 2.450
32 317 23-12-74 150 . 8,100 4,000 3.927 7.927
33 . 518 27= 3=75 150  .'6.800 2,010 2,010 4,020 °
34 312 A5-12-74 165 43,000 6.750 6,650 13.400
35 512 4= 4=T5 165 . 9,600 5,700 5,550 11.250
36 - 400 40- 6-75 165 12,100 6.900 6,850 13,750
37 218 30-11=74 180 12,000 6,300 6,200 12,500

38 506 : 2= 4=75 180,  -12,000 6.200 6,150 12.350

180 6500 12,900
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Table. 2. Age, mean body weight and mean epldidymal:
' welight of experimental animals.

Gfoup Age in No. of Ifean body Hean epididymal W¢. in grams
Ho. days animals . in Kg. - - s o e v o

e — Left _ Rlght Jotal _
I 1 3 1,966 De132 ° 0,122 0.254
II 15 3 3,066 0.186 0,176 04362
ITI 30 3 3,966  0.390 °  0.373 0763
IV 45 3 54766 0473 . 0,463 04936
v 60 3 6.23% 1,600~ 1.516 3,116
vI 75 3 84300 2.933 2,863 54796
YII 90 3 T7.466 2.466 2,350 44816
VIII 105 3 04333 4.700  4.600 94300
IX 120 3 7.766 2,600  2.483 5,083
X 135 3 64566 1,700 ©  1.633 %4333
XI 150 3 7.033 2,420 2,379 4.799
XII 165 3 114566 64450  6.350  12.800

X171 180 3

12,233 6.333  6.250  12.583




Iable. 3. iHMean epididymal measurements

<o snemn em - amy wn - D - 2 TR G W G Y W amery o O o -m - o - - - e P . - -

Group #Age in No. of Capute-mean of left Corpus-msan of left Cauda-mean of left

Ho. days animals and right in cm.: aml right in em. am right in cm,
Iength Thickness lLength Thickness Length  Thickness
at middle at middle at middle
1 1 3 0.44 020 - 1,92 0.18 0e56 0.36
1T 15 3 0.58 0.23 2455 0.24 0463 0.41
1IT 30 3 0.96 0.33 2.98 0.28 0470 0450
Iv 45 3 1.07 0436 3440 0433 1404 0:73
v 60 3 1.32 0439 4,00 0437 1.17 0.80
VI 75 3 1.74 0.58 5.88 0.54 1,38 1,00
viz - 90 3 1,60 - 0.49 5410 0.47 1.29 0,92
VIII 105 3 2,19 0.64 6.98 0.62 1.56 1.10
IX 120 3 1.68 0.54 530 0.50 1.32 0.96
X 135 3 1.44 0.40 4444 0.38 1.20 .84
XI - 159 3 1.52 - 0443 4,96 0.42 1.26 0.88
XII 165 3 3,00 0,80 8,77  0.76 1.63 1.38
XIII 180 3 2,78 0.68 7.78 = 0.64 1460 1.28

L9



Pable. 4, Data on the structural details of the caput epididymis

- ey

Group
No.

I
II

III
v
v
VI
VI
VIII
Ix

XI
X11
XIII

Age in No. of

o. 0f Diameter

. days arimals ‘org of the
. duct in
microns
1 3 3 58.467
15 3 3 69.938
30 3 3 86.110
45 3 3 97,912
60 3 3 110,223
75 3 3 122,544
30 -3 3 126.843
105 3 3. 142,850
120 3 3 161.518
135 3 3 193.803
150 3 3 202,734
165 3 3. 210.43%
180 3 3

215.413

Height of

1544447

gg of

Diamcter Thickne
of the epithelivm mpuscle coat
lumen in in microns in microns
wicrons .
44,080 124485 G.EC0O
534193 - 13.650 9,999
66163 18.147 11,655
T5.933 20.979 13,320
86.248 21.975 16,650
94.90% 24.640 21.645
- 85.904 26,968 23,310
- 105.561 35.296 28,305
113,928 46,946 29,970
- 142.875 534540 504802
144,299 59.531 334000
150,457 59.973 32,970
59.980  33.797
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Table. 5. Data on the structural details of the corpus epididynis

Group Age in No. of No. of Diemeter Diameter IHeight of Thickness of
No days animals organs of the . of the " epithelium muscle coat
dgct in lqmen in in microns in microns
microns microns
I 1 3 3 T5.580  63.936  11.655 9.990
II 15 3 3 87.136  T4.158 12,483 1%.320
I 30 3 3 98,130 80,580  16.651 14,985
w45 3 3 103,005  S3.244  19.980 16,050
v 60 3 3 122,184 99,157 21,31 19,980
VI 75 . 3 3 141,191 109.316 24,932 24,975
ViI 50 3 3 175.480 124,185 28,315 26,640
VIII 105 3 3 178.825 144,533 34,190 29.970
CIX 120 3 3 1964471 154,178 40,291 33,300
X 135 3 3 220,115  171.829 48.275 344132
XI 150 3 3 237,437  174.825 52.610 36,630
XII 165 3 3 270.729  185.684 53,246 35,625
XIIT 180 3 3 273,161 198.780 53,248 35,358

69



Table. 6. Data on the structural details of the cauda epididymis

R R AROS ST Sin s

Height of

Group Age in Ho: of To. of Diameter Diameter Thickneas of

260,104

Roe. days animals organs of the of the epitheiium muscle coat
duect in lumen in in microns in microns
e microns microns -
I 1 3 3 87.579 78.919 114.485 13,320
II 15 3 3 110,223  92.198 164650 16,650
IIT 30 3.0 3 113,553 98,518  19.147  18.650
IV 45 3 3 1534513  120.176 " 20.979 19,980
vV 60 3 3 200.466  134.489 24,975 23,310
vIO75 3 3. 214,785  147.315 | 26,640 28,305
VII 99 3. 3 239,760  155.285 28,968 °  29.970
VIII 105 . 3 3 242,757  168.183  34.296 34,965
I 120 3 . 3 248,751, 189.548 34,333 39,960
X 135 3 3 269.064 200,167  36.631 40,792
XI 150 3 3 278.721 248,751  40.613  44.189
XII 165 '3 3 293,706  258.064 41.485 41,101
XIII 180 3 3 295,704 41.618 404290
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FIGURES



Fig. 1. Epididymis showing caput (h), corpus (b)
- and cauda (t).

Fig. 2. Caput (dey-old) showing simple epithelium
lining the lumen H & E. stain; X 400.

Fig. 3. Corpus (day-o0ld) showing simple cuboidel
eplthelium H & E, stain; X 400.
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~ Fig. 4. Cauda (day=-o0ld) chowing simple epithelium
lining the lumen H & E. stain; X 400,

Fig. 5. Corpus (30 days old) showing pseudostratified
epithelium H & E. stain, X 400.

Fig. 6. Cauda (30 days old) showing tubules lined by
‘ simple and pseudostratified epithelium H & B,
Btaln' X 1500
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Pig. 7« Corpus (45 days old) show:l.ng pseudostratiﬂed
epithelium H & E. stain; X 400, ,

Fig. 8. Cauda (75 days old) showing completely psecudo=-
stratified epithelium, H & E, stain; X 160,

Fig. 9. Corpus (135 days old) shouwing c'ompletely- pseudo=-
stratified epithelium H & E, stain; X 100,
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Fig. 10. Caput (150 days old) showing spheribé.l cells
with sphe:eical nuclei in the 1umen H&E,
staing X 150,

Fig. 11. ~Corpus (150 deys old) shoving tubules lined
by completely peeudostratified epithelium
H & E, Stain;y X 100,

Fig; 12. Cauda (150 days 0l4) chowing spherical cells
with spherlical nuclei in the lumen H & E.
stain. X 100,
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Fig. 13. Caput (165 days old) showing few scattered
' sperms in the lumen H & ¥. Stain; X 100,

Fig. 14, Corpus (165 days old) showing sperms in the
lvmen H & E. stain: X 100.

Fig, 15. Cauda (165 days o0ld) showing sperms in the
lumen H & E, stain; X 804 )
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Fig. 16. Caput (180 days old) showing sperms in the
: lumen H & E, stain; X 100, :

Fig. 17. Corpus (180 daye old) showing sperms in the
‘ ~ lumen H & E, staing X 100, '

Fig., 18. Cauda (180 days old) shbwing the lumen
packed with spems H & E. stain; X 100,
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ABSTRACT

The poétnatal development of epididymis was deseribed
and illustrated from studies in 39 Halabarl goats, divided
~ into 13 groups, ranging from day old to 180 days of age.

The weight of epididymis was positively correlated
to age and ‘body we;ght. The epididymal weight was more
significantly correlated to body weight than to age. The
left epldidymis was fpuné,to'be significantly heavier
than the right. The length =nd thickness of the head,
the body and the tail of the epididymis incregsed with
increase in the weight of the organ.

The tunica albuginea was found to be fibro-muscular
in structure. The interstitial tissue was fibrous. 'Thé
diameter of the epididymal duct and its lumen increased;
with increase in age. Both Fheée measurements were
nighest in the cauda, 1ess‘iﬁ the corpus and least in
the caput. The process qf peeuﬁostrafificatibn of the
| epitheliélllining of lumen of the duct was completed
at’first in the cauda, secondly in the corpus and finally
'in the caput. Regiomal differences in the height of
epithelium was noticed, the highegt being in the caput,
16wér in the corpus and lowest in the cauda. The epithe-

1igl height increased with advance in age. Sperms were



the cauda, slightly less in the corpus and least in the
capute Tﬁe lumen of the epididymis of the 150 days and
165 days old goats showed some sphérieal cells with

spherical nuclei, These were co meidered to be spermato=

genic cells coming from the testis.



