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SECTION 1



Introduction

Animals play 2 major role as a source of protein in the world,
Krlesberg (19;8) reported that the most important and widespread
nutritional deficiency is protein. With the world population still on
the increase, food shortage will inevitably become more critical and
the protein deficiency more acute. This is more likely to be the case
in the developing countries like MNigeria, and other African countries.
The daily intake per capita of animal protein in Nigeria has been
estimated at 5 to 8 grams (F,A,0, 1971; ldusogie, 1971; Olayide gt al.,
1972). This is already, far below the recommended average of 5 to 8
grams (F,A,0, 1971),

The number of livestock in Migeria is adequate and matches that of
most developed countries (Xumi-Diaka, 197;) and yet protein supply is
at its lowest. Among the causes of inadequate supply are loWw repro-
ductive performance, poor and inadequate nuttitipn for the livestock,
and poor nomadic husbandry practices (Kumi-Diaka, 197;). Over 90%
of the reported 8,5 million cattle in Nigeria are in the hands of the
nomadic Fulani (Nuru, 1974), They are excellent cattle-men but their
traditional nomadic husbandry practices are not production-oriented.
They roam about with their cattle all year round in search of food.
Livestock under-nutrition is their major problem. Undernutrition and
nutritional deficiencies in livestock are problems that fluctuate with
the rainy season and the dry seasons in MNigeria, The number of animals

in a hetd detetmines one's tichness and to Some extent; one's sociai statu#.



For this and other reasons, the Fulani keeps all the animals -~ sick and
old; and excess bulls in the herd,

Other problems facing the livestock industry in Mgeria are
management, diseases and their interactions. Tick infgstutlonl, cutaneous
streptotrichosis and tsetse flies are serious problems, especially to
the cattle industry, Internal parasitism, especially heiminthiasis,
poses a serious threat to the livestock owners. This generally runs
a chronic course in the affected animals leading to emaclation, poor
food utilization, and poor reproductive performance. Heavy annual
losses are Sustained by livestock owners through diseases and mismanagement,

The Nigerian Government is making every avenue available, to
enhance the livestock industry. Exotic cows/bulls have been imported
in an attempt to upgrade the reproductive and productive performance
of the indigenous cattle in Migeria. FHowever, many research workers
believe that the indigenous animals have all the potentials; and that
rather than importing exotic animals, the adaptation of the indigenous
food=-producing animals within their environment, must be investigated,

Several factors, such as nutrition, seasons and diseases such as
corynebacterial infections influence the reproductive performance of
animals. The literature 1s full of informations on the female animal
(cows, in this case). But there i1s very little information on the repro-
ductive performance of the bull and the role it plays in the fertility
and infertility problems of the cows, in the tropics, especially Nigeria.

The objectives of this investigation, therefore were:

.



1.

3.

To study spermatogenesis of healthy and poor-condition bulls
indigenous to Migeriza. T J ’

To study the gross and histopathological conditions of the

genitalia of bulls indigenous to Nigeria,. o _ | J )

To study the effect of experimental infection of &_r_yggpgﬂ_em
RYofenes organisms on the reproductive organs of bulls indigeaous

to Mdpgeria,




Literature Review

A, Reproductive performance

». B t es 133
Reproductive soundness of indipgenous bulls in the tropics

and especially in Nigeria has not been extensively studied..

Common parameters used to estimate breeding performance in bulls
include semen characteristics, acrotal circumference and other scrotal
dimensions, ard the physical conformation of the bull, In the past,
emphasis was mainly 1aid on gemen characteristics such as?

motildity, concentration, morphology, volume, appearance (this

gives an indication of the concentration of sperms or total count),
and the percentage of live cells, S _1-

Tests for semen quality are usually performed under flela

conditi?ns on samples = = coliected by electro-ejaculation.
However, in a study conducted by Ball et 8l., (1974) a1l of

these tests became suspect because they lack repeatability,

A semen sample that = grosaly deviates from the normal is

easily "spotted”, whereas a sample that may show 8 low percenfage

of gperm cells having changes in morphology may be responsible

for a high degree of infertility. The findings that make "

these criteris less precise than expected, are summarised below.



1>

2>

Concentration was not a valid biological instrument of

Appearance? (table 1)

fertility in beef bulls (Wiltbank et al., 1§és>; Sexual¥
inactivity might result in first ejaculetes showing high
eoncentration even though dally sperm output of the testes ia
loﬁ. Byils with extensive sexual activity could produce a semen
sample that 4s thin even though dally sperm production is high
(Ba11 et at., 1974), Ball et al. €1974) recommended that
estimation of concentration should be abandoned as one of

the eriterlsa for semen evaluation,

Morilty: __

Ba1l gt al. (1974) classified :sperm.mot.il.ity as foiloﬁé -

Motite Ciassification
80 = 90% ~ (5) Very good
‘;0 - 80% (4) Good

40 < 60% (3) Bair

20 = 40% o (2) Poor

0 -20% 1) Very POOt.

Repeatabllity of gross motility estimates is net very good

under fielq conditions. Gross and individual evailyations are

subjective, Such evaluations are therefore influenced by the

person making the observations, and differ with time and person,
Physiological factors in the bull may affect motility levels

and cause day=-to-tlay variations, 1.,e. response to ejaculator or

.l_.



(3)

(a)

a drop or two of urine (Witbank ef al., 19;5).
Yorpholony *

Semen morphology, especially primary sperm cell abnormalities
and percentage normal sperm cells are highly repeatable (Ba11 et al.,
1974), There is considerable evidence that increased sperm cell
abnormalities are associated with poor conception rates in a11
species (Rao, 1971), Some types of sperm defects (primary) occur
when spermatogenic epithelium misfunctions, others when the excurrent
duct system 18 not functioning properly. Rao (1971) reported that
primary abnormaiities are the most significant and should not exceed
18 to 20 percent or reduction of fertility is likely. He also noticed
that, secondary sperm abnormalities fluctuate, but excess of these
is also associated with poor reproductive performance. Rao (1971)
and Cupps and Briggs (1933) stated that if more than 35% of sperm
cells were abnormal, conception rate was likely to be lower than
30% on one service if it is obvious that semen morphology reflects
the functional condition of the testes and the excurrent duct system,
Percentage of 1ive spermatozoa:

Ball et al. (1974) concluded, from studying several data, that
repeatability of estimates of live cells made by the live - dead
staining method are not dependable., Results of estimates were not
only difficult to duplicate, but also differed from two individuals
counting the cells on the same slide, and also from different ends

of the slide, as illustrated by the data in table 2.



(5> 2 reumference? - | |

Several fnvestigators (Hhhn;.si'EJ“; 1969; w'illet ﬁnd.dhms, 1§5?;'
Bail et al,, 1974) recommended the use of the scrotal circumference
in the evaluation of breeding souniness in the bull, According to
them, this iz 2 more accurate index of Semen produecing capacity
and also it is highiy repeatable., It has been_known that there
is a correiation between scrotal circumference, testes size and semen
production (Willgt and Onms, 1957), especially in young bulls
(tables 3 and 4), The acrotal circumference 48 probably the best
measurement available for field evaluation of semen~producing capa=
bility. Hahn et al. (1§g9) suggested that most yearling beef bulls
should have a acrotal circumference of at least 30 cm. They
observed that young bulls with relatively small testes still had
small testes nt maturity. - Willet gt al. (1957} |
suggested that, whereas it might not be of any use¢ in older 5u11&,
any young bull {buil calf) with scrotal circumference below the 80%
confidence 1imits for bull calves of 1ts age group should be viewed
with susplcion that it may be subnormal in development, Accurate
prognosis of potential high semen output could probably be made

at an early age.



According to the Investigators cited above, the only accurate
and therefore good parameters for the evaluation of breeding soundness
in the bull, under field conditions are: (1) semen morphology,

(2) semen motility, and (3) sacrotal clrcumference.
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Table 1 : Evaluation of semen motility*
Grade Appearance
Very good Vigorous swirls and eddies
Good Slow swirls and eddies
Fair No waves - some cells moving
Poor Slow, laborious progression of

a few spermatozoa

* Ball et &l., (1974).



Table 2%: Cell counts of different ends of slides stained with

eogin - nigrosin staln.

Mean « %3 _ o Megn - %:

Unstained on o Unstained on
front end back end
25,75 S 39,25
45,25 o o 51,75
25.00 S 45,50
38,25 . . 50,00
32,25 - - 42,400
27.00 ' 44,50
40.50 o 50450
28,50 o 43.50
23.50 © 39.50
45.74 : o 66,75
63.25 | | 70,25
47.74 I . 53,25
50.25 | L | | 54.25
26.25 o 57.50
41,50 - - - .. 52,00

X 37.38%* ' 49 17**

2, ** Means are different (P {:0.01 Ya




12

Table 3**: Age, scrotal circumference, and sperm output

Age (yr) Circumference Wee ne t *Correlation
o (em). Total z% 1555 Per gram coefficients

(X106)
1.6 35.1 28.4 61.2 0.81
3.2 40,0 41,5 41,5 0.72
4,0 40,0 38.0 53.; o.;4
3.3 42,0 42.7 52.8 0.40
Aged (;+) 42.5 28.2 34.4 0.22

* Correlation of scrotal circumference to sperm output/gm testis.

** Hahn, Foote and Seide1, Jr. (1969),



Table 4: Age and scrotal circumference

13

Breed of bulls Number of Average Aversge scrotal
R . biills . age (mos) circumference (cm)
_. English beef breedaz 32 10.5 - 30.8
i 36 12,0 32.7
a0 13,5 34,5
Angus4 - : 28 mature 38.3
Hereford” ' 12 mature 37.9
Shorthorn4 _ 13 mature - 40.3
Santa Gertrudis = 54 14.00 34.9
’ 11,3 19.2 | 35.8
- 21 29.5 .. 38.6
. Charolais® 30 16.5 34.3
o a 18.0 35,0 ;
7 20.5 35.0 T
| B 29,0 37.9
Datry’ 50 13-18 34,9

Iﬂall et al,, (1974):
%Carroll gt ag. (1963)
Stann et a1, 1969:

4“’111&1: and Ohmas (1957)
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t, PFertility indices in cows:?

It is accepted that the best and most reliable indicator of
reproductive performance of bulls is fertility of the serviced cows,
It is therefore obvious that some of the parameters used in evaluating
reproductive performance in cows, can be a reflection of reproductive
capabilities of bulls. ©Obviously a low reproductive performance may be
influenced by factors in the female as well as in the males. Parameters
commonly used to estinate breeding performance in cows include:i age at
first calving, calving interval, go and 90 - day non-return rate,
first service conception rate and generation interval., Those parameters
can be used, at least indirectly, to evaluate the breeding soundness of
bulls, especially where artificial insemination is extensively practiced.

Reproductive performance of indigenous cattle is low (Yheat and
Broadhurst, 1968; lamorde and Weinman, 1972; Akpokodje, 1974). The
role of indigenous bulls in reproductive performance has not been
extensively investigated in Nigeria. Some of the available information
is summarised in tables 5 and 6.

c. Seasona] reproductive pattern:

Seasonal reproductive pattern of indigenous bulls in Migeria has
not been extensively studied, There is very 1ittle information on
reproductive pattern of indigenous bulls in Africa and other tropical,countries

especially, developing countries.



In a study of spermatogenesis in indigenous bulls in Nigeria, it was
;'fdﬁnd that, although spermatogenesis was active throughout the yvear, the
spermatogenic epithelium indicated increased activity during the rainy

and pre-dry secasons (Kumi-Diaka, 1976). Those seasonal peaks coincided with

the seasonal breeding activity of the indigenous cows (Osori, 1976).
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Tabie 5%: Reproductive performance of indigenous cattle in Nigeria

ﬁ

Parameter tomadic LIBCH** Op timum
cattle Govt. herds performance

Age at first celving 60 mos 40 mos . 26 - 28 mos
Calving interval 17-24 mos 16-18 mos 13 mos
Annual calf crop 40% 60% _ 85-90%
Calves produced in _ o
life-time 24 4 8
* Zemjanis (1974): ** Tivestock Improvement and Breeding Centre

Table 6¥: Temperate zone standards for comparing reproductive efficiency
of indigenous cattle of Migeria

Parameter . Averape ' -~ Gpod
90 -~ day non-return rate 65 - 70% Apove 75%
Services per conception 1,8 to 2.2, - Delow 1,5
Calving interval o | 13,5 to 15 mos 12 to 13 mos -
Annual calf crop | 70 to 80%. '. ; _. Apove 90%
Days open o | ._ ' | 120 .I - 100 or less

* Hafs et ag. (1973)
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B, Normal spermatogenesis

The testes of bulls, like the males of all animal species, perform
a dual function -~ a gametogenic anl endocrine function. The endocrine
function (s the production of testosterone from the interstitial cells -~
leydig cells and the gametogenic function is the production of spermatozoa
from the seminiferoug tubules,. o

Spermatogenesis 1s a synchronised process whereby spermatozoa, the
final product, containing 2 haploid number of chromosomes are formed from
the precursor diploid spermatogonia (Knudsen, 1954; Ortavant, 1058),
The process of spermatogencsis comprises spermatocytogenesis and
apermiogenesis. The former is the formation of primary and secondary

spermatocytes from spermatogonia Type A, Spermiogenesis is the formation

of mature spermatozoa from immature spermatids (Roosen-Runge, 1955;

F

Ortavant, 1958), . o
According to Ortavant (19592, séermatoéytogeneéié is the prglifera-

tive phase in which the spermatogonia are multiplied by a series of mitotic

divisions, ending with a finzl number of 16 (in the bull) primary spermz-

tocytes from one spermatogonia Type B. The next event 2c a mefotic

divicion of the primary spermatocytes in which the chromosome¢ number is

halved but the total number of the secondary spermatocytes is doubled

(32 2n the bul1l). The secondary spermatocytes undergo a further

melotic division,an equagorial one as far as the chromosomes are concerned,

but ending up with 64 spermatids as the final product, each having the

haploid number of chromosomes (Roosen~-Runge, 1955; Ortavent, 1958; 1959),



The
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formation of spermatids signifies the end of spermatocytogenesis and

the beginning of spermiogenesis,

Spermiogenesis begins with the formation of the spermatids in the

seminiferous tubules, It begins in the seminiferous tubules and completes

in the epididymis (Ortavant, 1956, 1053), The series of complex structural

reorganizations which occur during the process of spermiogenesis is

summarised (Leblond and Clermont, 1952; ¥Xnudsen, 1954):

1.

The newly formed spermatid is a large rounded cell with spherical
nucleus.
Golgi zone soon forms and gives rise to the acrosome of the
spermatozoon.
Centrioles are formed and later give rise to the flagellum and still
later on, to the body and tail of the spermatozoon.

Mitochondria are arranged around the flagellum and form the midpiece.
At completion of spermiogencsis when the spermatozoa are in the head of
the epididymis, unused cytoplasm and golgi material are pressed out
and appear on the tail as the cytoplasmic droplet.
germinal cells.

ermat ast

Ortavant (1958) defined the spermatogonia as "the combination of
germ cells contained in the parietal layer of the seminiferous
epithelium before the primary spermatocytes are formed", Morphologically,

three classes of spermatogonia have been identified in the bull

(Ortavant, 1958, Leblond and Ciermont, 1952; Kundsen, 1954),



These are!

(1> §Qermatogog;a type Ag

2>

3)

19

Also termed spore cells, the spermatogonia type £ is poor in
| '

cytoplasam, with 2 nucleus sprinkled with fine chromatin granules. -
This gives {t a "dustlixe appearance. It {8 found on the basement
membrane of the seminiferous tubules, with the axis of the chromosome
spindle nearly always parallel to thc membrane of the tubule

(Regaud, 1901; Schoenfeld, 1601; COrtavant, 1958; Abdel~Raouf, 19f;0). |
Spermatogonia type D. |

| The nucleus which tends to be spherical is smaller in size;
reﬁéhing 8~0 £+ In dlameter, and exhibits "crustlike” chromatin
granuﬂe;??knd to adhere to the nuclear membrane gilving the fqrmer a
thickened “crust-like" appearance (Regaud, 1901; Ortavant, 1&58,

Apdel~Raouf, 19607,

The intermediate Spermatogonia:

This iz seen with difficulties under the light microscope.

The appearance of the nucleus varies with the stage of division.
The chromosomes are elongated during the prophase of the type 4_ |
spermatogonia, and shorter and contracted during the prophasg of the
type B spermatogonla, Spermatogonia cells have also been observed
in the metaphase, anaphase and telophase with the spindle axir

parallel to the basement membrane (Ortavant, 1958; Abdel~Raouf, 1960;

Roosen~Runge, 1955; Venge 1952),



b. EPrimary spermatocytes? | | _ "

Ca

d.

These are larpge sphericel cells mostly observed in ptopﬂaae and
metaphase, In metaphase the spindle has the shape of a double acute=
angled cone with spindle fihers attached to the edges of the chromosome
plate. These cells form different layers central to the spermatogonia,

towards the lumen of the tubule (Knudsen, 1958; Abdel-Raouf, 1960),

Seqondary Spermatocvtes. - o |

These are spherdcal celis of smaller size than the primary
spermatocytes and slightly larger than the spermatlds when they are
in the prophase stage. The nucleus is rounded and contalns several
karyosomes. In the metaphase, these cells are characterized by their
narrow long spindle, the fibers of which are not attached to the edges
of the chromosome plate. 7These cells are not often seen in the testes,
even in fully mature animals with active spermatogenesis., This is
probably due to the very rapid division of these cells (Abdel.Raocuf,
1960).

Spermatids:

The shape and position of these cells vary with the stapge of
seminiferous epithelium cycle. In the early stages the cells are
located centrally to the spermatocytes in two and sometimes up to flve
layers. They are spherdids with a round nucleus which show up to four
dark granules, These cells are in the golgl or cap phase (Leblond apnd
Clermont, 1952), In the acrosome phase, the cells wander towards

the sertoli celis and form groups or clusters. The cells are elongated



. . 21
and the nucleus more ovai. The nueleus 1s stained briékred. The cells
are deeply situated and some are found to be close to the spermatogonia or
even the basement membrane, Others are found at the tip of the sertoli
cells (Leblond and Clermont, 1952; Xnudsen, 1954; Ortavant, 195;, 1958;
Avdel-Raouf, 19;0). ' : ' : = : .

Clermont and lLeblond (1955) descrived and classified spermiogenesis in
mammals into the following phas§s= - : : i
Golgd phase?! during this phase, the cytoplasm of the newly formed
| spermatid, the idiosome ~ a poorly stained and irregularly
spherical zon¢ can be observed. Proacrosomic granules -
several PAS reactive particles - are seen in the idiosome..
These granules eventually coalesce to form 2 single particle,
the acrosomic granule. . S ﬂ
Cap phase: the main event is the formation of the hend cap, The
acrosomic pgranule increases in size, flattens slightly and
expands over the nuclear surface to form the head cap, It
eventually covers half of the nuclear surface, |
Acrosome phase: the spermatid becomes oriented, The acrosomic
granule and head cap bulge on the cell surface facﬁng the
outside of the tubule, while the cytoplasm 2accumulates on
the lumen side, Finally the nucleus elongates and!flattens,
while there 18 2 transformation of the acrogsomic granmule into

2LCOB0ME

L



Maturation phase: the spermatid completes its transformation/evolution

b

into a spermatozoon. The acrosome flattens a.l:'t'he apex
of the head cap, and the reactivity of the head cap and

acrosome decreases markedly. (Cilermont and Leblond, 1955),

Sy
Ma}or events in spermatogenesis can be schematically repregented 2g:

Spermatogenesis -w—-——— I Spermatocytogenesis

T~

"> II Spermiogenesis a
I  Spermatocytogenesis: (Bepins with resting Spg A and ends with Spermatid)

Resting Spermatogonium A

*
'
]
' \’4
Active Spg A--D Resting Spg A
t
i
v
Intermediate Spg

L
'
[

Sp‘,ng 1)
]
Prinm. Spcyte (160

“—s

L
7
Sec. Speyte (32)

7
Spermatid (64)

II  Spermiogenesis (Begins with spermatid and ends with mature
' | -
spermatozoon. DBegins in the seminiferous tubules and

is completed in the epididymis),



Newly formed spermatid

Proacrosomic granule

Acrosomic granule
L}

Ca

: o E
ts= . . . I. :

€....-.

Iniosome
]

LV

]
tmx I head cap (fits tightly on nucleus)

T

; o .
13 LI acrosome (cantinuous With head cap, flattemed at 1ts apex),

L
1
t

-=> . Mature spermatozoon (final product 64)

Spermatozoon

The fully formed, mature sperm cells form a regular ring with
the heads directed towards the basement meﬁbrane and the {aiia |
projecting into the lumen of the tubule (Abdel-Raouf; 1920;
Kumi~-Diaka, 197;). The doraoventrally flattepned, oval shaped heid of
the bull spermatozoa consists almost entirely of the nucleus. It is
clear, homogenous and lipht blue~voilet while the tail is rose~red
when stained with hematoxylin and cosin (Blom and Birch-findersen, 19;0,
Ciermont, 1972, Xumj~Diaka, 1976). The proximal pa:t df tﬂé!nuciéus is
protected by the acrosomic cap (Clegmont, 1972), The neck, which
commects the head of the spermatozoon to the midplece, is compoggd of

|
basal granules and bundles of fibrils. The tail, which is about -



4048 o 59;/10ng, isldifferentlated into three parts; midplece, ﬁéinpiece

and endpiege (Wnite, 1972), 'The midpiece, the thickened regilon between

fhe héad anﬁ the mainplece, is about lgxxto 1§Arlong. The mainp&ece is

the longest part of the tadl (3?//) and provides most of the propellant

mechanism. The endplece 18 the short terminal portlon (3;/) not surrounded

by a sheath (Blom and BircheAndersen, lggo; Pawecett, 19631; Wy and Newstead,

19553_ Residual bodies, which are large cytoplasmic structures are observed

at the time of completion of the maturation phase of the spermatids and

before the sperms are completely released into the lﬁmen. The# Lfe ovél

or round, granular, and stain pale red with hematoxylin and eosin. They

are situated around the talls of the newly formed sperm as welllas free

in the lumen of the seminifercus tubules. In the tubules, when ia.:l.l th.e

produced sperm had left, these bodies are absent (Abdel-Raouf, 15;0).

Non-germinal cells ” - |

a. Sertold cells aré large, elongated cells iocéted at the béséméﬁtl
membrane of the seminiferpus tubule, The cell boundariesg are not
distinct but the cells are ddentified by their characterdistic nuclei.
The irregularly shaped nucleus is large, 1light, either pyramidal or
oval with variable situations in the cell cytoplasm. The nuclear
membrane has deep indentetions, the nucleolus 1s prominent and the cyto-
plasm is scanty. The cells have multiple long processes which surround
spermatocytes and spermatids. Sertoli cclls are the only non~
germinal cells in the seminiferous epithelium and they are fundamental

to normal spermatogencsis, They are rich in glycogen, glycoprotelns,

1ipids and some steroids. Sertoll cells remain in contact with the



25

vascular supply, hence the term "nurse celis”. They are alsc believed

T wo, .
S 7

to offer protection and support to the developing elongated spermatids,
until the latter become transformed into mature spermatozoa. The précise
role playcd by the sertoli cells is still not clearly undecstood, In |
addition to furnlshing nutrition for the germ cells, they undergJ cyclic
transformation which 1s coordinated with the cycle of the seminiferous
tubules. Sertoli cells have also been called foot cells, sustentacular
cells and trophocytes (Ortavant, 1959; Cole and Cupps, 1959; #Abdel-Raouf, {.:
19600, o e
The possibility, still unproven, that these cells may also be the source
of endocrine secretions or of influences more subtlie than nutrient
communication which are concerned in perm cell maturation, exjists

(Biftman, 1963)

Seminiferous epithelial cycle

During the process of spermatogencsis specific celiular assoéiatinns
arise from the basement membranc and are directed towWards the tubular
lumen. At each stage of spermatogenesis there are several distinct groups
of cells present when & cross-scction of the tubule is examined (Kumi-DPiaka,
1976). Thus any sectlon of a tubule shows several pgenerations of germ cells,
They develop in closc relation to each other so that in any given area of
the seminiferous tubule, there is a constant development of different cells
occurring with cyclic regularity. These celiular associations are called
stages of the cycle of the seminiferous epithelium (Faulknec, 1969). The
seminiferous epithelium cycle i8 defined as the series of changes occurring

between twWo Successive appearances of the same cellular associations



(Ortavant, 1§39; FQulkner, 19;9). Thé sperma togend.c cyéle repfésents

the time interval required from the first division of resting spermatogonia
to the release of spermatozoa into the lumen. The length of the cycle in
the bull is estimated to be 55 days (Dawson, 1958; Orgebin et al,., 1958J,
Matuyration of spermatozoa in the hovine epididymis 1s estimated to require
10 days (Orgebin et al., 1958), The entire process of spermatogenesis

has been studied and, labelled sperm with radio-active phosphorus showed

up in about 90 days in the bull (Cole and Cupps, 1959),
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C, Infertility and steriiity

- I, Non-pathologlcal factors?
"Infertility” can be defined as temporary inability to produce
offaprings. Both words arc frequently used indiscriminately to describe

disturbances assoclated with reproduction. : N

Asde11l {196R) stated that sterility is not a disease in dtself, but
may result from the action of several diseases ard conditions. Hmong

such conditions are mismanagement and malnutrition.

a.. Nutrition énd £eéroducfion= _ln{.
Underfeeding and/or malnutrition plays a role in inferti11¥y and
sterility. Agdell (1958) and Kalkus (1920) showed that when repro-
duction suffers as 2 result of malnutrition, the animal itselif -
nearly always exhibits definite signs of the disorder hefore the
sexual functions are disturbed. This may be indicated by stunted
growth, thinness, roupghness of coat, depraved appetite or by definilte
symptoms of a specific deficlency. g L-=
. The usual form of nutritional deficiency is general underfeedinq
with rations of poor quality. This is the case in Migeria where |
nomadism is widely practised by the Fylani herdsmen, Calves reared
under such conditions tend to be retarded in growth/development, and
the sexual organs share in this retardation. - i

In feeding trial experiments in Cornell University, fAsdell (1968)

and other investipators proved that under~feedinpg delays the onset

of the first heat in heifers, In a similar experiment with Hoilstein-

Friesian bull calves, it was found that the average age at which semen
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contained motile Spermatozoa was 51 weeks at low feeding ievel, 43 weeks
at the medium feeding level, and 37 weeks at the high feeding level, Delay
in spermatogenesis in the retarded calves and reduction in the numbers of
spermatozoa produced have been the rule on the lowest energy 1ntake level
(Hgnett, 1952), | | | o IS I
Mineral deficiencles have beeﬁ imﬁiicéted iﬁ certaiﬁhforﬁs of
infertility in cattle (Eckles ¢t al., 1935; Hignett, 1952; Asdell, 1963),
It seems, from the works of Tuff (1923) and Hignett (1952), that ‘
phosphorus deficiency interferes with ovarian function, causing, in the
milder cases, failure of heat but not failure of ovulation. Ajthough : \
there 13 no evidence that calcium deficiencf.causés reproductive problems,
many fnvestigators have demonstrated the importance of the calcium~ -
posphorus ratio (Bekles et al., 1935). 10d£n¢ deficlency has been blamed
for lack of sexual desire amd poor quality éééén in some buils (Kalkus,
1920}, This may be related to a possible lowered general metabolism due to

.. failure of the thyroid gland to secrete enough thyroxine.

The 1iterature stresses the importance of vitamin deficiehcié;:
.Vifamin A deficiency has becn repdrted in the field among range cattle
that have been on dry feed or on dried ~ up range for some time (Asdell,
1958). Agdell (1968) stated that, in extreme cases of witamin A deficiency,
- the number of services per conception increases, but the difficulty may be
one of jmplantation. In some specles at least, vitamin A deficiency
- causes cornification of the mucous ﬁeﬁbrané.(of the uterus) and this may

interfere with effective implantation, or passage of the spermatozoz to
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reach the egg (Madsen and Davis, 1949),

The effect of vitamin A defilclency on reproduction of the bull calf
has been reported. Madsen and Davis (1949) and Asdell (19&8) reported
that bull calves kept on a low carotene diet show a degeneration of the
germinal epithelium in the testis and absence of spermatozoa. They
stated that the adverse effect, in mature bulls, seems to be not upon
spermatogenesis, but upon the ability to mount a cow. Muscular incoordi=-
nation arises, and may become sufficiently severe to bring about this
inability. Thus, vitamin A deficiency Zi?! therefore, not be 2 major
factor in adult male sterility due to defective spermatogenesis. There
is 1ittle or no evidence that marginal deficiencies of vitamins E and C
affect reproduction.

b, Inhe e and reproduction:

Inheritance plays a role in the general infertility problem in
cattle and other domestic animals, Most of the cases of inherited
infertility that have heen found belong to the class with readily
recognizable anatomical defects., Such inherited structural anomalies
include: white heifer disease (cows); "gonadless” (cows and bulls);
inherited hernia (bulls); impotence due to failure of sigmoid
flexure to straighten (bull); intersexuality in which apparently
normal bulls are infertile (Yapp, 1947), The most clear-cut caSe of
inherited infertility in cattle is hypoplasia of testes or ovaries,

According to Asdell (1968) gene or genes that prevent fertility
(ability to carry a calf during gestation and to deliver it at term

in a viable condition) are called "1lethals". They are simple
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autosomal recessives and tend to express themselves when 1line breeding

" or inbreeding is practiced. These genes cause developmental faults of a

nature that prevents the calf from living, ’ Such conditions inciude
achondroplasia, cerebral hernia, short spine, atresia ani, congenital

dropsy, congenital spasm, fused nostrils and muscular contracture (Mead et aj.,

.. 19467 Pou et a)., 1953). P S -

In view of the existence of such deld terious genes, it 1s clear that
extensive use of one bull for artificial iInsemination might spread a lethal
gene far and wide among its offspring, thus increasing the chance that two

. such genes may meet in subsequent brezeding operations. -

2. Disease factors
Along with feulty managements, disease factors account for the
greatest amount of infertility and/or sterility in cattile (Asdell,

19683, 'Thesc factors may take the form of specific discases

(vibriosis, brucellosls, trichomoniasis, epi-vag etcd:
that affect the reproductive organs directly, or non-specific diseases
thet affect reproduction by reducing the status of the animal as a .
whole. lageriof, (1936, 1938, 1957) indicated that any disease that

has a severe effect upon the health may affect reproduction. The
reproductive organ and tract are susceptible to many delgterious

agents and many of the bacteria and viruses that attack eattle.

These may produce low-grade chronic infections that impair the

effeciency of the genital organ in general. - R
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Abnormal spermatogenesis’ .

In the female animal, the ovaéiéa #re §e11 pfoiecféa 1nside the :-3]
animal's body, and are therefore little affected by outaidel;qfluence,:ih
hence breakdowns in oogenesls seldom occur, excépt in caSesldé severe
systemic stress. The male domestic animal has his gonads suspended in S
a vulnerable pouch and therefore is subjected to the stress of trauma
and temperature changes, both systemic and a.mb:lerit.: I'I}i.ese strieases have .
an effect upon apermaéogenesls, whether of a temporary or permanent nature,

Spermatozoa are produced in the seminiferous tubules which make up
over 80-90% of the testicular mass (Jigbb and Kennedy, 1970), Inability
of the spermatogenic epithelium to differentiate normally may edther be
. congenital (primary) or acquired (secondary). Secondary disturbancea are
usually associsted with testiculer pathological conditions, such as |
degeneration, atrophy, inflammation (Lagerlof, 1939), in which the intrinsie
capabhility of the spermatogenic eplthelium to differentiate normally, is

prevented from doing so by some external damaging factors. If any intrinsic

or extrinsic factor causes injury to the spermatogonia, this wiil cause .

., permanent damage to the testes, but if only differentiating cells are

' damaged, repair or regeneration is possibile (Faulkner, 19690),

A, Congenital:

a. Testicular hypoplasia
Testicular hypoplasia has baen defined as defective or incomplete

development of the seminiferous tubulesz, resulting in varying degrees

—

of abnormal spermatogenesis Knudsen, 1961; Konig, 1964)., Testicular

hypoplasia 18 a congenital under-development of the spermatogenic
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epithelium, which however, does not affect the hormone-producing
interstitial Leydig cells (Lagerlof, 1934), In total testicular bilateral
hypoplasia practically no sperms are produced and no spermatozoa enter the
epididymis from the testis, In moderate or unilateral testicular hypoplasia
a very small quantity of spermatozoa and/or varying amounts of degenerated

cells emanate from the germinal epithelium,

The clinical signs and manifestations of infertility are not spectacular .
and vary greatly (Konig, 1964; Humphrey and ladds, 1975), In most cases
sexual desire is excellent and coitus is prompt (Jubb and Kennedy, 1970),
Lowered conception rates are often evident in bilaterally affected, but
incomplete hypoplastic testes, Jubb and Kennedy (1970) reported a
conception rate of 20 to 40 percent. Orossly affected testes vary from
being smaller and softer than normal to near normal in size and consistency,
and the cut surfaces tend to bulge (lagericf, 1938; ¥Konig, 1964; Humphrey
and ladds, 1975)., Konig, (1964) reported that the hypoplastic testis, is
often not observed until after puberty, and may be as small as a quarter to a third of
normal size. Histologically, hypoplastic tubules are characterised by .
partial to complete lack of germinal elements, predominance of sertoli
cells, or failure of spermatogenesis depending upon severity (Lagerlof,
1938; Kodagali et al., 1971; Humphrey and ladds, 1975), Gustavsson (1969)
observed aspermia in bilateral hypoplasia, and reported that the seminiferous
tubules of the affected testes contained sertoli cells but no spermatogenic
epithelium, In testes of other bulls he observed, that the differentiation
of the spermatogenic epithelium proceeded up to and including the spermatid

stage, but without formation of mature sperms. Pyknotic nuclei were abundant
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and cells with pyknotic nuclei and vacuolated cytoplasm sloughed off into
the tubular lumen. In other sections of the same testis, arrest of sperma-
togenesis appeared at the spermatocyte stage. In certain cases of hypoplasia,
seminiferous tubules showed more or 1ess reduced number of spermatogenic cells
intermingled with completely normel or completely hypoplastic ones
(Kumi-Piaka, 197;). Other investigators reported the presence of giant
cells in the affected tubules and also hyperplasia of the interstitial
cells (Lageriof, 1938; laing and Young, 195; ). lagerlof (1939) reported a .
reduction in size of the seminiferous tubules in hypoplastic testis, On the
basis of numerous tubular measurements, Konig (1959) prepared a scale
showing expected tubular diameters (in microns) for hypoplasia and other
congenital conditions of the testis. lagerlof's classification of
testicular hypoplasias is summarised (1939):
1. A small proportion of tubules hypoplastic; germinative cells
several layers thick; some spermatocytes with hydropic degeneration;
spermatid giant cells present; number of mature sperm2tozoa small;
tubular diameter varying from 130 to 310 microns. .
2. Approximately two-thirds of tubules hypoplastic with only one
layer of cells, resembling sertoli cells; some tubules have
spermatogonia, others spermatocytes in various stages of develop-
ment, and others no cells at all; numerous glant cells present;
tubular diameter varying from 110 to 250 microns and;
3. Oniy a single layer of cells (sertoli cells) present; no germinal
celis} basement membrane of normai thickres8} tibuiar dlameter varies

from 100 to 250 microns.



Many investigatora agree that differentiation between hypoplasia and
degeneration is difficult because of the¢ variable histological manifestation
of hypoplasia (Bishop, 1970; McBntee, 1970; Mumphrey and Ladds, 1975),
Groasly, diagnosis especially of bilatezal hypoplasia, iz often erroneous
| especially in young bulls. Histolopical assessment - of thé testis is needed

for a tentative diagnosis. This could be achieved through testicular bilopsy.

But incidentally, biopsy techniques have been known to cauge deleterious
effects on the testls and testicular function. The sequelae of testicular
blopsy include orchitls and degeneration (lagerlof, 1936; Jubb and Kennedy;
1070), e R I . ! '
The incidé&?e aﬁd fred;enéy §f testiculaﬁ hypoplasia in bﬁils:ﬁave been

reported by several investigators. lagerlof (1934) deseribhed testicular

hypoplasia ag a cause of 23 percent of testicular pathology in Swedish |-

Highland breeds, Bloom and Christensen (1051), Hag (1949) and Vander-Sluis

(1953) reported an incidence of 12 to 17 percent. Settergren (1961) observed
K

~ that gonadal development dn Swedish Highland breed, 2 polled breed, nearly

all, 90 percent or more were white, In these bulls hypoplasia of the left

teatis occurred in 25% of all the bulls, of the right testes ' 44 1% and

both testes in 4 to 5% Carroll gt al. (1963) reﬂdrféd én incidence of |
20% of offsprings with hypoplasia and poor semen quality,

ey
e
pt|

Briology of testicular hypoplasia: e R

L

B R A
Testicular hypoplasia, according to most investigators, is congenital,
and pessibly hereditary in ordgin, and 1s caused by a marked lack of or
reduction in spermatogonia in the gonads during fetal 1ife (lageriof, 1934;

il . ) ) o '|
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Kenney, 1971; Humphrey gt pl., 1975; Xonig, 19;4; 1959; Kodagald et al,.,
1971), Ergikson (1943) suggested a single recessive autosomal gene with

 incomplete penetrance as a cause of testicular hypoplasia, an@ actually
. demonstrated this hereditary basis in Swedish Highland cattle. Hypoplasia

- may be the result of exngenous factors acting during gestation (Cohrs, 1967).
Jubb and Kennedy (1970) described hypoplasia with excessive scrotal fat,
.. probably thermal degeneration was also inveolved. The defectiveness of the ‘
apermatogenic epitheillum in certain testicular hypoplasia was found by
Knudsen (19;1) to be related to sticky chromosemes or multipolar spindle
- formation. Xenney (1971) suggested that sertoli cell factors might be
responsible for the death of the germ cells. Up to date, the concept of
testicular hypoplasia being congenital and possibly hereditary in origin

has not been disproved, and no specific etiological agent has been known to

. account for the condition.

Cytogenetic disturbances:
Concomittant with the morphological changes of spermateliosis

(spermiogenesis) there 48, in several species of animals, an C ‘
alteration of the typical somatic type of histone into a more

basic and arginine-rich histone (Gledhiii, 195;). AccordLng.to
classical genetlc principles, the number of chromosomes apd theréfore
the amount of deoxyribonucleic acid (DNA) is not altered during
spermiogenesis, Ezch spermatozoa should contain a haploid amount

of DNA, However, there are some reports which seem to challenge

this concept of a constant haploid amount of DNA = within a species.

Leuchtenberger et al. (1953) reported that, one form of human male
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infertility might be corwelated with a deffclent and grossly L
fluctuating amouﬁk of DNA in spermatozoa, Gledhill, (19g;) found,
with Feulgen microspectrophotometric techniques, that spermatozoa
from infertile bulls contadned significantly more DN& than did
spermatozoa from mormal bulls. Although another studf (Welch and'i;
Regch, 19;0) found a statisticzlly non~-significant reduction in

mean PeylgeneDHA content of ejacul?ted_Spermatozoa“from infertile

buils. Parez et al. (1960) found a striking fluctuation between

normal and abnormal DNA amounts with repeated sampling from the

T

same fertile and infertiie bulls, .
~ Other investigators (Knudsen,r1;;4}qGhstaﬁséon, 1§69):rep0rted
two abnormalities In the primary spermatocytcs? - 7r
(a) "Stickness" of chromosomes in which they failed to separate
” - at anaph2se, and (b) a pyknotic nucleus and multiple spindle
formation due to a dysfunction of the mechanism of c¢ell division
characterized by extra centrnsome diviaion resulting &n the |
j_ formation of giant éélis. The authors stipulated that the cause‘
might be a recessive gene as all the bulls investipgated
belonged to the asme family. Gustavsson (19697 described a
chromosomal translocation in Swedish cattle that resulted in
a degree of Infertility characterised by early embryonic deaths,

-~ Sperm cell defects, possibly heritable, have been described

in bulls, in which large numbers of spermatozoa produced are

similariy affected (Roberts, 19717, These are summar;sed‘as=-



1.

B

7.

8.

A

s :'{;- . - .

Abnormel acrosomes or knobbed spermatozoa (Donald and

Hancock, 1953; Blom and Birch-Andersen, 1965), ., [

Coiled or returned tails and narrow heads (Swanson and 7, -Ef'”"a

Boyd, 1962), T I ‘_ﬁfﬂf!-;
Dag defect o;FStrongly coiled, folded or split tails | |
(Blom, 19667, - e J:
Cockscrew defect (Blom, 1959), |

Paeudn-dropiété defect or ;ouﬁded'or elongated thickened

areas in the midpiece (Blom, 1968}, - -~ '.i

Lack of intact cells (Hancock and Rollinson, 1949; Jones, 1962),
| R

Byersion of the galea capitis and crater-ghaped depressions
in the nucleus {(Aamdel, 1951), L .P

Apaxial tails and swollen midpieces (Aughey and Renton, 1968),

Acrosomal defects are relsted to defective spermiogenesis -

«. involving the Golgl apparetus. Defective acrosomes render the

spermatozoa incapable of penetrating and fertilizing ova, The
defect may be seen in spermatids (Donald and Hancock, 1953;- ‘
Saacke et al., 1968; Roberts, 1971), Cytogenetic disturbances
in spermatogenesis cause abnormalities 1n primary spermato;ytes
by chromosomes falling te separate at ﬁﬁéﬁﬁé;e,.andﬂextfém
centrosomal divislon resulting in giant cell formation

(Knudsen, 1958), Apparently normal semen picture may

accompany these defects.
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Sryptorchidism?

Cryptorchidism can be defined as incomplete descent of the
testis or retention of the testis. This is the best known bovine
genital defect (Blom and Christensen, 1972), The undescended
testis may be located anywhere from just caudal to the kidney to
within the inguinal canal, with inguinal cryptorchidism being more
common in bulls (Humphrey and ladds, 1975), and involvement of the
left testis seemingly predominating (Wheat, 1961; Gibbons, 1957).
Occasionally the testis may be located ectopically under the skin
of the ventral caudal abdomen; and this is more commonly the case
in male pseudohermaphrodites where no scrotum is present (Roberts,
1971),

Grossly, a cryptorchid testis is small, soft and flaccid
(Roberts, 1971), Histologically, there 1s a tendency towards
extreme hypoplasia (Humphrey and ladds, 1975), No spermatozoa are
produced by the retained testis but well-developed or degenerate
seminiferous tubules may be present (McBntee, 1970), Sperma-
togenesis is completely inhibited by the elevated temperature of
the affected testis. leydig cells are not affected so sexual
activity is normal or even exaggerated in bilateral cryptorchids.

Cryptorchidism in bull is uncommon (Bishop, 1972), but this
condition has been well documented in stallions and boars (Lowe

and Higginbotham, 1969),
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Bovine cryptorchidism 1s considered to be inherited but the mode of
inheritance is uncertain (Wheat 19;1 ; Bishop, 1972), Wheat (1961) suggested
the condition was due to 2 dominant gene with variable expressivity.
Cryptorchidism in swine is a monogenic sex~linked recessive,
d. Segmental aplasia‘

Segmental aplasia of the mesonephric duct involving the epididymis,
in which distinct portion/segment 1s absent, has been documented
(Carrol1 et al., 19&3; Gibbons, 1957). Uni-and bilateral involvement
are described, in which a scgment or even entire epididymis or even
portion of the vas deferens, may be missing. The corresponding seminal
vesicles on the same side may be hypoplastic or missing. Spermiostasis
may develop proximal to the missing segment, with the increased
pressure resulting in spermatocele formation and degenerative testi-
cular changes, the severity of which is proportional to the proximity
of the aplastic segment to the testis (Kenney, 1971), Spermiostasis
involves the head of the epididymis and rarely other portions. The
associated spermatocele and spermatic granulomas develop slowly.
Spermiophagy and polypous epithelial proiliferations in the efferent
ducts and the rete testis have been observed (Blom and Christensen,
195;: Aghdown, 19;3). Konig et al., (1972) considered an autosomal

recessive gene to be involved,



e. Mascellaneouys anomalies: . L S - : ; 5211 P
- Other testicular anomalies possibly due to congenital or heredditary

causes include:

i1, Scrotal or inguinal herniat If large, the hernia may depreés S
fertility by markedly interferring with the nommal thermoregulatory

" function of scrotum and testes (Roberts, 1971),

"y Roberts (1971) reported thaf the eﬁnditiog
iz 2 common hereditary defect in horses and pigs and less common in
. | Coe o R R

2. Cystic conﬁitions
Two cystic conditions of the bovine epididymis, paradidymisland
aberrant ductules were reported (Blom and Christensen, 195;).

Although the cysts often cause no harm, spermiostasis and subsequent 3'

spermatic granuloma may result (Blom and Christenaen, 1960)

"

: 01'_ !
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2. Testicular degeneration -

Lageriof €1934) and many other investigators agree that

testicular pathology duc tn acquired causes is more common than
congenital or hereditary causes and include testlcular degeneration,
lageriof (1934) estimated that 75 to 80 percent of all testicular
pathology is related to degeneration, including fibrosis. The
eplthelium of the seminiferous tubule is highly sensitive to any
adverse influences with resulting marked effects on spermatogenesis.
Testicular degeneration is usually bilateral (Roberts, 1971) as it
13 most commonly cdue to generalized disease processes. Unilateral
degeneration can occur sccondary to local testicular lesions.
Combining the semen plcture and testicular changes, Lagerlof (1938)
clinically classified bovine testicular degeneration into three
categories: LT e .g-g‘
1. Bull with considerably reduced fertility but with no mérphclo-
gically demonstrable change in the genitalila;
2; Bulls of low fertility but with normal appearing genitalia; and
3. Sterile bulls with small atrophic testes,
The pattern and signs of testicular degeneration are the same despite
the species and the etlology, variation occurring only in extent and degree

(Roberts, 1971; Knudsen, 1954; Bishop; 1970). Grossly the size of the testes

CnA
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is usually reduced from normal to about half or two-thirds normal size,
depending on the duration and degree of atrophy of the seminiferous
epithelium. Amann (19;0) concluded that since 49.9 to 77.1 percent of the
testis volume (depending on age of the bull) is comprised of seminiferous
tubules, the close association of the degree of testicular degeneration anmd
testicular size is apparent. The consistency of the testicular parenchyma
is altered; soft and flabby in 2cute, moderate and severe degeneration. The
testis does not bulge on sectioning, and eventually there is fibrosis and
calcification of the parenchyma, and thickening of the gunica vaginalis and
albuginea (Jubbs and Kennedy, 1970; Humphrey and Ladds, 1975). In mild
degeneration, consistency differs only siightly from an elastic, tonic,
slightly tense, fluctuating normal consistency. The use of tonometer has
proven valuable in the objective measurement of testicular consistency
(Hahn et al., 19;9 ). Hahn et al., (19;9) reported that bulls with soft
testes tended to produce fewer spermatozoa,

The histopathology of degenerated testes has been extensively studied
(Konig, 196;4; Knudsen, 1954; 1958; Roberts, 1971; Kenney 1971; Humphrey and
Ladds, 1975), Knudsen (1954, 1958) described the histological and cytogene=
tic changes in testicular degeneration. He reported three cellular reactions:
mild change, with cytoplasmic vacuolation and centrosomal degeneration;
moderate change, with complete centrosomal and nuclear spindle fiter
degeneration; and severe changes with lack of spindle formation and
appearance of restitution nuclei. Some of the commonly observed histopa-

thological menifestations associated with testicular degeneration (and
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with increasing severity) were: cytoplasmic vacuolation of the primary
spermatocytes, germinal cell desquamation, hydropic degeneration, pyknosis
of spermatocytic nuclei, karyolysis, giant cell formation, spermiostasis,
calcification of inspissated tubular contents, tubular atrophy, wave=like
thickening of the basement membrane, fibrosis, and interstitinl cell
hyperplasia (Konig, 1964; PBishop, 1970; Jubb and Kennedy, 1970; Kenney, 1971),
It has been observed that in extreme degeneration, the seminiferous tubules
could become completely denuded with only sertoli cells remaining (Lagerlof,
1938; Knudsen, 1954; Barker, 195-6',' McEntee, 1970), However, spermatogonia
- B cells appear quite resistant and not affected even in severe case of
degeneration. The very sensitive primary spermatocytes often exhibit the
first degenerative change, which 4s cytoplasmic vacuolation (Knudsen, 1954),
They exhibit contracted bivalents which spread throughout the cell, in
grape-1ike formations (¥onig, 19;4). The most commonly observed changes in
the secondary spermatocytes were changes in size and structure,

If the basal layers of the germinal epithelium, including the
spermatogonia and sertoli cells are destroyed, regeneration of the germinal
epitheiium 18 not possible, and the bull 4is sterile {(Roberts, 1971i). Kenney
(1971) and Knudsen (1954) observed that renewal of the seminiferous epitheldum
depended largely on persistence of spermatogonia and the elimination of
the pathologic agent. They considered that once the spermatogonia dis-
appeared or the basement membrane became hyalinized, regeneration was no

longer possible.
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The fertility of an affected bull will depend on the severity of
degeneration and the stage of the process.
Etiology:

Causes of testicular degeneration and other factors affecting spermato-
genesis are variable, Some of the causes may be summarised (Lagerlof, 1934;
193.6',' Roberts, 1971; Hooker, 1944; Galloway, 19;1,- Carroll et al., 19;3;
Konig 1964)" (2
1, Thermal - thermal influence associated with elevation of testicular

temperature include! cryptorchid amd ectopic testes; hernias; scrotal

dermatitis due to irritants, mange, localized skin infections or wounds,
contusions and hematoma of the scrotum and tutes,'ele\ratgd pyréexia as
in certain infectious diseases; frostbite (Roberts, 1971), Donaldson

(19;3) claims testicular degeneration is most common in temperate

breed of bulls, within tropical environment or climate. Lageriof (1934;
193;; 1938 ) induced testicular degeneration in bulls by scrotal
insulation. Scrotal insulation interfers with the intrascrotal tempera-
ture ., % Heat primarily affects the spermatids,
the spermatozoa and the spermatocytes, but does not usually affect the
spermatogonia (Steinberger and Dixon, 1959), Heat hes no effects on the
Leydig cells.

2. Vascular lesions - Degenerative changes can be caused by any inter-
ference with testicular circulation such as torsion, clamping with an

emasculatome, biopsy, and vascular hyaline degeneration in older bulils

(Faulkner, 1959; McFntee, 1970). Testicular biopsy in bulls often results
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in focal areas of necrosis because of vessel damage when a desirable
size of testicular material is taken (Roberts, 1971),
Mutritional ~ Malnutrition constitutes a greater stress to spermato-
genesis in prepuberal males than in postpuberal males, Matyre males
underfed to the point of inanition (loss of 25 to 35 percent body weight)
suffer damages to the seminiferous epithelium (Faulkner, 19;9 ).
Hypovitaminosis - A accompanied by protein-carbohydrate deficiency
affects the germinal and Leydig cells, resulting in testicular atrophy,
hypoplasia of the accessowy sex glands and delayed puberty in young
bulls (Faulkner, 19;9: Davies et al., 1957)., Moustgaard (1959) believes
that vitamin E deficiency plays an insignificant rqle in infertility among
domestic animals, though it causes severe testicular damage in rats,
There is considerable evidence that energy dificient diets adversely
affect gonadotropin secretion (McDona1d, 1969),

Spermatogenesis can be adversely affected by chronic diseases

associated with inanition and debility including severe parasitism,
worn teeth or any disease interfering  with the intake or passage of
food through the intestines (Davies et al., 1957),
Irradiation - causes degeneration by injuring the germinal cells =~
spermatogonia, spermatocytes and spermatids. Irradiation produces its
greatest destructive effect in divisional stages, and spermatogonia
are more sensitive than spermatocytes (Gillette et al., 19;4), the post-
divisional spermatids being radioresistant. However, Roberts (1971)
reported that spermatocytes are the most sensitive to irradiation while

Leydig and sertoll cells are quite resistant.
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The type ;f change in semen quality 1s related to the type of d%mage

produced, 1.e. death of cells causing decreased sperm number, abnormal
spermateliosis resulting in morphological defects, or damage to the genetic
apparatus resulting in embryonal and fetal death or teratogeny (Faulkner,
19;9; Murphree and Parish, 19567 Welch and Murphree, 1§;5). Sbe;matids are
guite sensitive to X-irradiation, spermatozoa are less scnsitive, and
spermatogonia are the least sensitive.
Hormonal ~ Moore (1948) considered endocrine_fai1ure_to:pe a basic ecause of
testicular degeneration. Excessive eattogeﬂic hormoné prﬁduced by sertoli
cell tumors, and testosterone, and rarely estrogens produced by the Leydig
cells may suppress P,S.H, (follicle stimulating hormone} production and
cauge testicular degeneration. This condition -~ dystrophiz adiposom
genitalls syndrome =~ occurs commonly in dogs and rarely, In other animals
(Roberts, 1971), ”

Neoplasm - Seldom cbserved except in o1d bulls and are usually intecstitial

cell tumors (Dynn and McEntee, 19;4 ). Dynn and McEntee (19;4) reported

that degeneration may be due to compressing effect of tumor on the adjacent
seminiferous tubules., They also indicated that the degeneration may

result from exceass steroids produced by the tumor cells,

Auto-immunization - Significance under natural conditions is unknown (Roberts,

1971), Degeneration has been experimentnlly produced in bulls by the

subcutaneous injection of autologous testicular material, with Freund's

adjuvant. Faulkner (1970) reported that antieLH (Luteinlsing hormone) serum

will induce teaticular degeneration and sterility in male animala.w
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8. Toxing - /A number has been incriminated (McEntee, 1970), McEntee and
Or1afson (1053) reported testicular degeneration in bulls and rams with
hyperkeratosis caused by chlorinated napthalenes. McBntee (1970) cited
alkylating agents, cadmium chloride and amphoterin-2 as chemicals or
metals capable of producing degeneration of the seminiferous epithelium.
There is no evidence that systemic orgenic phosphate insecticides affect
semen quality in bulls.

9. Infectious systemic diseases - Pneumonia, shipping fever, I.B.R, - IPV »°
(infectious hovine rhinotracheitis-infectious pustular vulvo-vaginitis),
equine infectious anemia, actino-bacillosis, strangles, blue tongue,
tick-borne fever in rams, can cause testicular degeneration and lower
fertility due to the accompanying fever (DeBoom, 194';2; Watson, 196-4;
Bouters, 1964; Bruner and Gillespie 19;6 ). Other infectious diseases
causing gradual debilitation, and testicular atrophy include:! foot and
mouth disease, actinomycosis, Johne's disease, pyelonephritis and

lymphomatosis (Roberts, 1956).

10. Trauma, stress or localised infections - Fatigue, fractured ribs and

contusions from fighting, severe arthritis and 1iver abscesses.

Orchitis and epididymitis are common cause of testicular degeneration and
the etionlogical agents include? Brucella abortus, Corynebacterium
pyogenes, /Actinomyces bovis, "epi-vag" (IBR-IPV), Guup viruses (Bouters,
1964), Nogardia sp., Chlamydia sp. (Storz et al., 1968) and Besnoitia

besnoiti (Pols, 1960).
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Age - Permanent, progressive testicular degeneration occurs frequently
with age without any indication of its pathogenesis (Collins et a1., 1962;
Hahn et al., 19;9; McBntee 1970). Hahn gt al., (1959) reported that
aged bulls, 7 to 13 years old have lower sperm cell output per
ejaculate than young bulls, 2 to 6 years old. Many diseases, genetic
and management factors influence this age effect.

Conditions associated with advancing age include: increasing
prevalence of tunic adhesions (Galloway, 1961; Bishop, 1970); intertubular
fibrosis (Hooker, 1944); atrophic tubular changes (Hooker 1944; Knudsen,
1954); calcification (McEntee, 1958); reduction in the relative volume
of sertoli cells (Humphrey and Ladds, 1975); vascular lesions and
inflammatory cell infiiltration (McEntee, 1958; Galloway, 1961) increased
1ipofuscin and decreased epididymal melanosis (Konig, 19(;4; Biom and
Christensen, 1956').

M{scellaneoys
(1) Testes of males of some seasonally breeding species regress after
the breeding season and undergo recrudescence near the onset of

the next breeding scason., This physiological atrophy of the testis

is a normal physiological process (Faulkner, 1969),

(1i) Genetic factors have been found to influence acquired testicular
degeneration in bulls, The question of increased resistence to

degeneration remains to be clarified (Bane, 19054; McEntee, 1970).
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Inflammation of the testis may raise the temperature of the testis
to the point at which spermatogenesis becomes impossible.

Gibbons (1957) reported that orchitis, in bulls, is usually uni-
lateral and is uncommon, if the results of trauma and degenerative changes
are excluded. Orchitis causes morbid changes which result in secondary
degeneration of the seminiferous epithelium and often destruction of the
tubules (Konig, 19:54 ). Mostly, it is considered to arise from hemato-
genous metastasis of infection; spread of infection from neighbouring
organs through the genito-urinary bnasages is of lesser importance
(Konig, 1964; Jubb and Kennedy, IQLO). Orchitis can be classified as
acute or chronic inflammation of the testes.

Acute orchitis 1s characterised by a tense swelling and enlargement
of the testes accompanied by pain and heat., It 1s either an infection
via the vas deferens and epididymis, a combined epididimo-orchitis or
metastatic lymphogenous suppressed as a result of the intense pain
(Roberts, 1971),

Chronic orthitis may be an extension of acute orchitis. Acute
orchitis may completely resolve or continue in a chronic form. It may
be focal or diffuse, uni~or bilateral, Fibrosis may be seen grossly
in some cases. There are varying degrees of degeneration and dis-

appearance of the tubular cells, and the walls of the tubule become
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thickened and hyslinised. It is generally characterised by interstitial
infiltration of iymphocytes, plasma cells and sometimes eosinophils
together with atrophy of the germinal epithelium (Kenney, 1971; Konig, 1964),

Another classification of orchitls was by Konig (1954). He regarded
orchitis ast (1) interstitial {Intertubular) (2} 4intratubular or
(3) necrotic. Interstitial orchitis is characterised by monoauclesr
infiltration of intertubular stroma with subsequent fibrosis. Infiltrates
can be perivascular and sometimes mononuclear infiltrates are observed
. ad)acent to normal seminiferous tubules. ZXenney (1971) stated that such
focl may be infectious or immune in origin, the latter being In response
to antigen "leaking" from 2 damaged tubule. Intratybular orchitis ia
characterised by obtiterated seminiferous epithelium and replacement,

- centrally, by neutrophils and detritus. Mononuclear and glant cells are
present (Konig, 19;4; Kenney, 1971),

Necrotic orchitis is characteristic of brucellosis, but may result
from other infections (Konig, 19;4). Ir brucelliosis, total necrosis of
the testis with thickening and adherence of the tunics 1s a common
outcome (Cohrs, 19;7). On sectioning, necrotic areas are dry, yellow,
and calcified. The histologlc picture is one of coagulation necrosis
bordered by fihrosis and mononuclear cell infiltration. It has been
observed that abscessation, periorchitis, and fistula through the rectum

may accompany thias form of orchitis (Konlg, 1964; Cohrs, 1967; Humphrey

and Ladds, 1075},
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Etiotogy:®
Many investigators reported trauma and dnfections ns the major causes
of bovine orchitis (lagertof 1938; McEntee, 1970; Humphrey and ledds, 1975),

Many infective agents have been isolated from inflammed testes and or from
v |
their semen: Br. abortus, €. pyogenes, A,bovis, Nocardia sp,, Diplococcus

sp., Mycobacterjum bovis, Chlamydla sp., and Streptococcus sp. (Helmy et al,,
1966 Konig, 1964; Boryczko, 1972; Bleberdorf, 1953; Awad, 1960),

Pathological changes in bacterial orchitis are moatly non-spec'!'.f'lc.
Lesions in brucellosls are characteristic (Lambert gt al., 1963; Heimy
ef al., 1966,

A cytopathogenic enterovirus and other infective viruses have

ﬁT been isolated from the testes and seminal vesicles of bulls with orchitls

i (Plorent et al., 1962; Bouters, 19‘6-4; Storz and Bates, 1973; Mare and

. Van Rensburg, 19é1). These included: eﬁinvag)(IBR.IPV), G.UP VIRUS, and
parainfiuenza-3 virus (Deas et al,, 19853. Logue (1974) reported that the
testicular degeneration observed in a bull with MCF (malignant catarthal
fever) was due to pyrexis rather than a Specifiéupathological effect of
the virus on germinal tissues. Likewise, Kenney (1971) has emphasized
the need to determine whether testicular degeneration in chlamydial‘
infection 18 due to hyperthermia, epldidymal lesions or other facloré.
c. Pathology of epididymis | A

"Pathological or functional disturbances of the epldidymis include:

infection of the epididymal duct and epildidymitis, anomalles often causing
sperm granulomas, tumors and functional or hormonal disturbances (Roberts,

 1971; ¥onig, 1964; Wumphrey and Ladds, 1975; Blom, 1959), ‘:'r.'
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1. Eoididymitis: o " - | -' - |
o Infiammation of the epididvmis is.often seeﬁ.ﬁsmﬁh aéquiréd.iesion
caused by or may be secondary to the same agents causing orchitis.
Puilsford et al., (1967) reported traumatlc injurles as a pnasible cause of
epldidymitis In E?E:;ording to Yonig, (1964) epididymitis ardses
malnly by spread of infection in the genito-~urinary passages, less
frequently by hematogenous metastasis, and seldom by trayma, 1

The course of epididymitis is variable. The acute stage with
edematous swelling may be followed by abscess formation, sometimes
with perforation, periorchitis and peritonitis (Hmphrey and ladds,
1975). Konig (1964) reported spermatic granuloma after extravasation
of spermatozoa. The histological picture has been summarised by
Konig (1964), and Brno and Blom (1972). According to them the affected
ducts contain fibrin, neutrophils, damaged spermatnzoa, damaged
epithelium, macrophages and giant cells, some of wWhich ¢ontain sperma-
tozoa ("spermiophagy"), The duct walls are infilltrated by neutrophiles
and lymphocytes and a variable monowmuclear interstitial reaction is
appacent. _ S . o L *’-'?W

Konig (19;5_4) and ladds et al., (1973) reported on chronic epidi-
Idymitis, which they said may not involve the duct and may follow the
acute stage or arise from an insidious onset. Excessive interstitial
fibrosis may result in nodular swellings of the epididymis and sper~
miostasis. AR . R S (O

Infectious causes of epididymitis in the bull are the aame 28

A S v e e o
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those for orchitis. These include: Br. abortus, C. pyogenes, Chlamydia sp.,
C. pseudotub M, bovigepitalium, and epivag (IBR.IPV), Of special
interest is epididymitis-vaginitis (epi-vag), first described in Kenya -

Eagt Africa (Daubney et 21., 1938) and later in South Africa (Van Rensburg,
1953; Mare and Van Rensburg, 19561)., Lesions in this condition were most
pronounced in the epldidymis and manifested by initial soft swelling
followed by marked fibrosis and enlargement. Associated lesions were
abscess formation, tunic adhesions, ampulitis, seminal vesiculttis and

testicular degeneration (Anderson et al., 1951),

2. a epidid 8¢
These may either be congnital or hereditary and include:

a. Spermiostasis:~ due to distension of aberrant efferent or
epididymal duct/tubules with secondary formation of spermatic
granulomas in the region of the epididymal head (Roberts, 1971;
Blom and Christensen, 1960), The resulting spermatoceles, in time,
may lead to the back pressure effecting testicular degeneration,
though the size and consistency of the testis may remain fairly
normal due to the accumulation of testicular fluids (McEntee, 1970),

b. Segmental aplasia of the Wolfiap duct: Already discussed under

congenital lesions,

There is evidence that a change in the enviromment of spermatozoa in the
# "~  epldidymis due to probable changes in the epididymal epithelium

may result in reduction or absence of motility or akinesia or

necrospermid agsociated with bent or looped tails (Roberts, 1971),



Ce

54
Gustafsson, 0965) found 2 changed eomposition of the epididymal plasma
in a bull in which sperm akinesia and certain sperm tail abnormaiities and
detachment of sperm heads appeared to be of epididymal origin, but the
mechanism, underlying the presumed epididymal dysfunctions has not been
fully elucidated (Gustafsson, 1966).
ases o € _accessor a
(1) Seminal vesiculitis
Seminal vesiculitis is the most common condition found affecting the
seminal vesicles of bulls (Roberts, 1971), Many investigators (Roberts,
1971; Ball et al., 1968) observed that the disease affects males of
all ages, but it is more common in young and old beef hulls than in
mature, middle-aged bulls. The reported incidence of bovine seminal
vesiculitis is variable, In a study of slaughtered bulls in Denmark,
the incidence was 0,85%, but among 7359 western beef bulls, 2.5% were
affected (Carroll et al., 19;3 ). In New York State, 4.7% of 343 bulls
were affected (McEntee, 1952 ). Biom and Christensen (195;5) reported
the disease in 17 of 2,000 slaughtered bulls, Ball et al,, (1968)
reported the disease in 181 of 7359 bulls examined for breeding
soundness,

Seminal vesiculitis is clinically diagnosed by rectal palpation
of the vesicular glands and concurrent examination of the semen. On
rectal examination seminal vesiculitis may be found to be characterised
by: irregular enlargement of the gland, fibrosis, induration, loss

of lobulations, or lack of well-defined lobulations, peritoneal
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adhesions, fluctuation and abscessation (Jall et al., 1968y Roberts,

1971), Semen from affected bulls usually contain lcukocytes which must be
differentiated from spermatogenic cells from the germinal epithelium |
(Ga11oway, 1964).
The histopathologic lesions have been described by many authors
(Gatloway, 1064; Roberts, 1971), They ohserved the occurrence of both
chronic interstitial inflammatory reaction and degenerative reaction
with mild interstitial inflammation. Doth focal or diffuse suppurative
and nonsuppurative interstitizal inflammation with fibrosis of the
interstitium and subepithelial mononuclear infiltrations and proteinaceous
fluid in the alveolar lumen have been obgerved (McEntee, 1962: Galloway, 1964).
Many bacterial pathogenes have been isolated from affected bovine
seminal vesicles. C. pyogencs (most commonly?) and others iike

Br. abortus, Actinobacillus actinoides, E. coli, have been isolated
(Ga1loway, 1964). Viruses have been incriminated as a cause of bovine

seminal vesiculitis (Bouters, 1564). Roberts (1971) observed that bulls
with a seminal vesiculitis will, not infrequently, have another foci of
infection in the testis, epididymis and/or ampulla,
In young bulls, infection may spread by homosexuality. HMany young
bulls with seminal vesiculitis syndrome (catarrhal or degenerative)
overcome the infection spontaneously in a few months (Roberts, 1971),
The role of IBR.IPYV (infectious bovine rhinotrwcheitls -~ infectious
pustular vulvovaginitis) or epi-vag is controversial (Humphrey and Ladds,

1975), 'The difference may be one of strain virulence.



(2) Pgostatitis:

Ciinical prostatitis in the bull ia rare and may be caused by
Brucella abortus. Subeclinical infection may be more common and due

to a varlety of bacterias and viruses as deseribed under aseninal
o - - : i

vesiculitis,

. .

Condiitions of the tunica vaginalis:

It has been observed that adhesions between the parietal and
visceral layers of the tunica vaginalis are common., Galloway (19;1)
observed that fine, fibrous adheslons confined to the cauda epididymal
region and found mostly in young bulls were of no pathologiqal
sipgnificance, OSevere extensive fibrous adhesions resultingifrom
trauma may interfere with testicular function by interfering with
testicular motildty im the scrotum. Laads et al., €i973) 2pd Galloway
(15;1) found increased occurrence of adhesions with advancing age.

Non-~specific perdorchitis, inftially fibrinous and later fibrous,
with adhesions, may be responsible for thermal testicular degeneration
(Galioway, 1961), Xonig (15;4) cited some caused of perforchitis:
extension from orchitls, cepididymitis, or from exogenous trauma.
Hydrocele, chylocele, ardd hematocele involving the tunica vaginalis
may occur (Jubb and Kennedy, 1670}, Biom and Christensen (1072)
reported testicular herniation as a sequel to rupture of the tunica

Vﬁginalis, s '--‘::j‘"' ' E . . ) I
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The scrotum®

The scrotum serves in part as a necessary thermoregulatory
mechanism so that the temperature of the testes and epididymis is lower
than that of the body. It accomplishes this by having a dartos and
cremaster muscle which contracts and draws the testes next to the
abdominal wall for warmth and then relaxes letting the testes descend
for cooling (Roberts, 1971). According to Faulkner (19;9) this
mechanism applies only to temperate breedsof bulls within temperate
environment. A second mechanism is the so-called pampiniform plexus;
a system of looped veins and arteries that 1ies on the surface of the
epididymis. This cools the blood entering the testes about 4°.C, and
warms venous blood as it approaches the central circulation (Faulkner,
1969; Roberts, 1971), It is believed that in three‘species that have less
pendulous testes located high cgoinst the abdominal wall sueh as Btatidon
and boar the pampiniform plexus plays 2 major role in cooling the testes
(Bagleman, 1976).

Any deleterious effect on the scrotum may tend to affect the
testis and hence spermatogenesis. Ectoparasitic infestation of the
scrotum has been reported as a cause of severe scrotal dermatitis
(Watson, 19;4). In Mgeria, severe tick infestation and strepto-
trichosis of the scrotum have been observed to cause orchitis and
testicular degeneration (Kymi-Diaka, 1076+ ) Severe
parasitism is believed to cause dermatitis associated with thickening

of the scrotal skin and resultant testicular degeneration (Pols, 1960 ;
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Huymphrey and ladds, 1975)., Traumatic injuries of the scrotum from
thorns and spikes are important in Nigeria and other tropical countries
where nomadic husbandry practice predominates.
scellaneous factors?

Miscellaneous male factors resulting in failure of fertilization,
conception or reduced fertility arec complex. Lacerations of the ventral
portion of glans penis with 2 fistulous opening may result in semen being deposi-
ted in the' middle portion of vagina and not sprayed intq the cranial
portion or over the cervix at ejaculation (Roberts, 1971),

Roberts (1971) is of the opinion that environment is probably the
most important factor in conception rates of bulls. Some bulls used
artificially have up to 90 percent conception in some herds, and as low

as 20 percent conceptions in others. Lanman (19&8) reported that sperma-
tozoa, aged in the epididymis for weeks, aged by storing in 1iquid semen
at 4° to 5°C for days or in the frozen state in bulls for many months,
caused decreased fertilization rates and increased early erbryonic or-

fetal deaths.
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Diseases of penis and prepuce are common causes of inability.or

difflevity in copulating and frequently result in reduced 1libido.

1, Phaliocampsis ~ or deviation of the penis 1s a common cause of

copulatory difficuities and reduced 1ibide in bulls (Roberts, 1971),
The spiral or corkscrew type of deviation of the penis 18 most
: )

commonly observed in young bullsg, o _
According to Roberta (19712, penile deviation in bulls may bé due to
congenital persistence of the ventrat frenulum.. fishdown and Combs
(19;7) suggested that contraction of the retractor muscles of the
shéafﬁ during erection might be a causative factor in spiralling of
the penis. They reported also that yp to 30% of Hereford bulls have
a normal straight penis on intromission but have 2 curled or twisted
penis on dismounting. They ohserved that in affected bulls, premature
full erection occurs prior to intromission resuiting in “corkscrewing”
that prevents the compléetion of coitus. R

Other much less common types of penile deviafions are tﬁe ventral
ﬁr "rainbow" and the mild S-shaped curvatures, The latter is of
littie importance while the former prevents normal copulation:as the

nore erect the penis becomes the preater the ventral curvature

(Roberts, 1971; Ashdown and Combs, 1967;),

Ex8
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Adhesions of penis and prepuce

Adhesions in the region of the sigmoid flexure often prevents
obliteration of the S-curve and protrusion of the penis during
erection (Roherts, 1971; Farquharson, 1952), Adhesions of the caudal
portion of the prepuce in the region of the formix results in a
more severe phimosis., Adhesions may he secondary to lacerations of
the prepuce especially in young bulls and in older, vigorous bulls.
Any possible infections following the injury may produce abscesses
and/or adhesions of the surrounding structures preventing the free
movement of the prepuce and penis at erection (Farquharson, 1952;
Roberts, 1971), A ruptured penis with secondary hematoma is usually
observed in buils. It occurs most commonly in bulls, with a strong
sex drive breeding cows on pasture (Farquharson, 1952; Gibbons, 1956).
Aceording to Gibhons (195‘;) penile hematomas are due to a sudden
angulation or bending of the erect penis at service and not only due
to high blood pressure in the corpus cavernosum.

Other common cruses of preputial and penile adhesions are horn
injuries in bulls and from injections of local anaesthetics to block
the dorsal nerve of the penis (Gibbons, 1952; Farquharson, 1956-).
Tumors of penis and prepuce

Transmissible fibropepilloma is the only significant tumor of the
penis in the bull (McEntee 1970), Grossly, these are single or

multiple, firm, caulifilower-like growths. Young beef bulls are most
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comﬁonly affccted as they, when hnuéed toéether, mount each other and
injure the prepuce affording an invasion site for the virus (McEntee,
1958; Roberts, 1971), | o o

There 1s definite evidence fha£.this tumor and cutaneﬁus papillomas,
or warta, in cattle, are simllar and cauSed by the same 2gent (McEntee,
1958), HMcEntee (1953) considered the etiologic agent to be a virus.

He reported that the tumor may cause phimosis or paraphimosis or

prevent normal intromission.,

Phimosis or stenosis o '1

! B

Stenosis of the preputial orifice may prevent normal protrusion

of the penis. The conditlon is usually acquired due to injuries, wounds

I

and infections. In cattle with pendulous sheatha, the preputial

orifice may be atepped on causing severe contusion and swelling

(Cardwell, 1961), o : : :- - :

|

Chronic prolapse of the prepuce is a very common cause of'

posthitis and phimosis. It is common in Bos indicus cattle and less

so in Oos taurus (Ponaldson and Aubrey 1960). Roberts {1971) reported
that, chronic preputial prolapse i8 probably an inherited trait
agsociated with a pendulous sheath, a large preputial orifice and a
relaxed preputial membrane and penis, The prolapsed sheath becomes
dry, traumatized, lacerated, edematous, swollen, and fibrotic¢, causing

phimosis. He reported screworm infestation as resulting in phimnsis.

. v K
v . L . o
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Paraphimoais -

Paraphimosis results in edema, swelling and balanoposthitis, It

may occur following erectlon of the pends through 2 stenotic
preputial orifice or ring caused by a congenital or acuired stricture
or by tumors. Spinal diseases or trauma may cause penile paralysis and
paraphimosis (Wheat, 1951; Roberts, 1971). Roberts (1971) has reported
a case of peraphimosis due to resection of the retractor penis muscle
in bulls with pendulant shenths. Chronic paralysis amd prolqpse/
paraphimosis could lead to necrosis of the penis, _: |
Balanoposthitis:- ' - e | N
Balanoposthitis 1s common in the bull due to infectious or
non-infectious causes, It may produce stenosisg of the preputial
ring, adhesions of the penis and prepuce to each other, Infectious
agents commonly observed in the mrlé's preputial cavity include:

B.coii, C. pyogengs, Pseudomonas aeruginosa, Proteus sp., Asperpillus,

Micor, Absidia, Mycoplasma, Trichomonas fetus., IBR-IPYV virus and

other pathogenic and saprophytic organisms (Bakos et zl., 1962; Bane,
1954; Beveridge and Johnstone, 1953; Druner and Glllesple 1956).
Roberts (1971) reported that no obvious balanoposthitis generally
accompanies the presence of the above organisms in the preputial cavity
with the possible exception of M, kgperculosis'and the acute form of

the sheath, penis, prepuce, and penile lymph glands of bulls. This

oy,

. -
v
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avenuc of invasion in the bull is invited by tuberculosis of the
female genital tract. He described the gross lesions ns characterised
by enlarged, granulomatous Bleeding lesions of the glans penis,
adhesions of the penis, prepuce and sigmoid flexure with secondary
phimosis. He also described several cases of actinomycosis affecting
the sheath and glans penis, with lesions resembling those of tuber-
culosis.

Trauma, abrasions, laccrations of the prepuce or glans penis
usually result in the introduction of the above organisms resulting in
swelling, inflammation, pzin and discharge. This is common in young
bulls (Bane, 1964),

ellaneous

Miscellaneous causes of loss of 1ibido or inability to copulate
include: (1) Hernias - umbilical and ventral hernias as well as deep
pendulous abhdomen may interfere or prevent normal copul2tion by
affecting entry of penis into vagina (Oehme, 1968; iMarsh, 1951)

(2) Premature erection = may nccur in certain bulls and prevent or
interfere with normal intromission (Viiliams, 1943; Vandersluis, 1953).
(3) Loss of sensory innervotion of the glans penis prevents natural
intromission and the "Thrust" reflex necessary for ejeculation and

leads to pronounced decline in sex drive (Vandersiuis, 1953; /Aronson
and Cooper.196é). (4) Urinary calculi - occassionally a cause of

acute pain, obstruction and rupture of the urethra and cause reluctance

to copulate and inability to ejnrculate, Vandersluis (1953) reported
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urinary ealculi in 2 bHull with inability to copulate and exhibiting
impotentia coeundi., (5) Others - pain caused by infection of the
genital organs or peritongum m~y be a2 cause of impotency or refusal to
copulate (Williams, 1943), Roberts (1971) described severgol bulls that

were slow or refused to’'mount due to severe semincvesiculitis or ncute

brycella orchitis.
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SECTION II
A clinicn-pathologic and bacterinlogic study of the testes and

epididymides of indigenous bulls in Northern Nigeria

Summarcy

Cilinical and post-mortem lesions of the reproductive organs of
4730 indigenous bulls in lorthern Vigeria were studied., The hHulls,
belonging to the nomadic Fulani herdsmen ranged from 3 weeks to 10
years old.

Gross lesinns ohserved were; testicular atrophy/degeneration
(0,59%), testicular hypoplasia (0.;6%), orchitis (0.44%), cryptorchidism
(1.20%), epididymitis (0.087%) and spermatic granuloma (0,15%),

Scrotal dermatophilosis of varying degrees of severity was observed
in 204 bulls (4.3%) with most cases occurring during the rainy season,
This condition did not appear to significantly affect spermatogencsis.

Histopathologic 1esions and their prevalence were: testicular
degeneration, 18,60%; hypoplasia, 5.30%; orchitis, 8.10%; and
epididvmitia; 1,40%, Testicular degeneration was ohserved more
commonly in the middle-aged and older bulls (6-10 years), Bacterial
organisms associated with some of the lesions in the present study
were; Corynebacterium pyogenes, Staphylococcus spp, Streptococcus spp.
and Brucella abortus., In addition to herediéary facir , Age, trauma
and trypanosomiasis were also identified as significant factors in the

etiology of testicular and epididymal pathology.



B0
A1l the gross and histopethological lesions, except those of
streptotrichosis, occurred randomly throughout the year without regard

to season and with no breed disposition.

Introduction

In the study of the pathology of reproduction, the male has
been accorded a minor role (Zemjaris, 1974). The advent of artificial
insemination and subsequent studics of bovine semen have demonstrated
conclusively that there are varying degrees of infertility in bulls,
Ohservations in many parts of the world show that testicular (and
epididymal) pathology is = contribating factor to economic losses in
livestock industry and can be 2 major cause of bull wastage (Lagerlof,
1038; McEntee. 1970). The low renroductive efficiency of indigenous
cattle in Nigeria is considered to be due to nutrition, diseases,
management and their interaction (Fumi-Piaka, 10?;). There 1s 1ittle
information on the reproductive performance of bulls and their role in
bovine infertility problems has not been fully investigated in Nigeria,

The objective of this investigation is to attempt to determine some
of the causes and incidence of testicular and epididymal pathology

of the bulls indigenous to Northern Migeria.
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Materials and Methods

The scrotum and ite contents from 4730 bulls {Rahaji, white Fulani
or Bunaji and Sokoto Gudali breeds) belonging to nomadic Pulanis were
collected from abattoirs in some towns in Kaduna and Kano States of
Nigeria., Specimens were collected soon after slaughter from 20 slaughter
slabs and 3 sbattoirs from Januvary to December (1977-1979)s Prior to
slaughter, bulls were examined and grouped into age determined by the
eruption or wearing pattern of the teeth, The age groups comprised of
young (0-2 years), middle age (2.5-5 years) and old (5.5 years and over).

The testes were removed from the scrotum and dissected from the tunica
veginalis, The spermatic cord was severed 0.5c¢cm above the dorsal pole of
each testis, Bach testis was carefully examined for groes lesions such as-
adhesions, hematoma degeneration, atrophy/hvnoplasis, inflammation, The
shape and consistency, described as normal, soft , or hrrd snd fi“rotic were
recorded for each testis,

The epididymis was dissected from each testis end %‘ﬁ:l.md for
groas lesions such as inflammation, segmental aplasia, spermatic granuloma ,
atrophy.
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Histopathological study!

Small sections (abost 0,5 = 1.0ecm thick, and 1.0em wide) were cut
from each testis, and fixed in Bouin's solution for 72 hours. Sections
were trimmed and processed in 2 Tissuematon”, embedded in paraffin, cut
at 4 - ; microns, mounted and stained with hematoxylin and eosin
(H & E), ysing Gurr's mounting media with cover siip, Other stains
employed included; Periodic /cid=Schiff (P,A,S.)), Brown an? Brenn
(B, & B), Masson's Trichrome (MT) and Van Giesson (V.G,), Epididymal
sections were similarly processed and stained for histopathological
examination. The histopathological study was carried out in 2000 out
of the 4730 bulls,

For histopathological examination, slides were initially screened
under low-power (x100) magnification, and detailggxaminations were
done under high dry power (x150) and oil immersion (x1000). The
presence and conditions of the germinal epithelial and sertold cells
were studied and any deviations from the normal noted. The interstitial
tissues were examined and any lesions and their frequency recorded,
Degrees of testicular degeneration were scored as shown in Table 1,

The epididymal sections were similarly studied and any histopathological

changes observed were recorded.

* Fisher Scientific Co. Chicago, Illinois, USA,
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Bacteriological study?

Sterile swabs were taken from all cases of gross testicular and
epididymal lesions and subjectced to culture and identification of
microorganisms. Samples were streaked on blood agar and McConkey
plates and incubated aerobically at 37°C for 48 hours. Orem stain
was employed to study the type of microorganisms present. For isolation
of brucella organisms, sterile swabs were inoculated into Drodie and
Sinton 1iquid medium (BSL), the 1latter incubated at 37°C in 5 - 207
co’ for 4 days. After the ¢ days, 0.2m1 of the BSL was inoculated
into Farrell solid medium (FSM), incubated at 37°C in 5-10%-002 for
4 days. Examination of the cnlonies on FSM, isolation, and further
characterization of Brucella spp was done according to the methods of
Brodie and Sinton (1975) and Morgan et ai. (1978),

Serological study:

Biood samples were taken from the jugular veins of bulls showing
clinical evidence of testicular abnormlity (palpation of scrotum) into
clean dry tubes, allowed to clot 2nd the serum filtered off for aggluti-
nation test to detect brucella infections. Serum agglutination test
(SAT) was used as tecommended by the Woria Health Organdzation (WHO,
1953), Serum was diluted 1:12.5, 1325, 1350, etc., The sensitivity
of the serum was such as to indicate 25, 50, 100, etc. I, U, of anti~
bodies per ml. respectively 4f positive. Readings were teken at 50

per cent agglutination.



Hematological study:

Blood samples were taken as previously described,
Whole blood was used to determine the packed cell volume
(PCV), hemoglobin concentration (Hg), total white blood
cells and the differential counts by the methnd of Coles
(1974).

Blood samples were alsc examined for blood parasites,

Results
The incidence and type of scrotal abnormalities

detected are shown in Tables 2-5,

Gross findings:

Lesions cbserved in the 4730 bulls examined were:
testicular atrophy/degeneration, 0,.59% (28 bulls):
testicular hypoplasia, 0,66% (31 bulls): orchitis, O,44%
(21 bulls); cryptorchidism, 1.,29% (61 bulls); epididymitis,
0.08% (4 bulls) and spermatic granuloma, 0,15% (7 bulls),
all involving the head of the epididymis, Figure 1 shows
gross testicular hypoplasia,

The hypoplastic testes were without regard to age
but the spermatic granuloma were observed in bulls between
the ages of 3 to 7 years, The orchitis was without

regard to age, and trauma
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Table 1*: Grading of testicular degeneration

Lesion Type Grade Distribution of Lesion
Testicular epithelial Mi1d 20 affected tubules or less/LPF*
degeneration

Moderate 21-50 affected tubules/LPF¥

Severe Most tubules affected (50+)

+ LPF = Low power field (x100),

* Lesiie, B,; Stuart, Y and Carroll, E,J. (1963):
Jho Jn vet. Res. g:_)_z 1.173-1131-
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was observed to be the initial/primary cause in most cases (16 bulls)
as indicated by the presence of old wounds and scars. Three cases were
superimposed with severe scrotal dermatophilosis,

Scrotal dermatophilosis of varying degrees of severity, and three
of wihich preobably resulted in testicular atrophy, was observed in 204
bulls. There was no age incidence and most of the cases (;2.2%)
occurred during the rainy season. About 37.8% occurred during the dry
season. The difference in the incidence between the two seasons was
highty significant (P<01).

Thickening of the tunice vaginalis and adhesions between it and
the ad jacent tissues was observed in 14 bulls; one of which was in
association with chronic epididymitis,

Conditions such as anorchia, neoplasms, varicocele, hydrocele

and scrotal hernia were not observed,

ﬂ;s;ggatgglggic lesions:

The results of the findings of the scrotal contents of 2000 bulis
are summarised in Tpble 4, The type of lesions and their prevalence
were: testicular degeneration, 18.9‘5.()‘?'e (372 bulls); hypoplasia, 5.30%
(105 bulls); orchitis, 3.10% (16-3 bulls); epididymitis, 1.4% (27 bulls).
Testicular hypoplasia of varying degrees of severity azre shown in

Figs 2 and 3.
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Figs 4 and 5 show varying degreea_of testicular degeneration (pyknosis
Most of the degeneration
was mild and moderate with the highest incidence in the older bulls
(6--10 years). Testicular degeneration occurred throughout the year
with little or no difference in the season or breed of bulls involved.
Degenerative changes were frequent but often differed in degree in

different sections of the testis.

Bacteriologic findings:

Brucella abortus organisms were isolated in 27 bulls showing
various signs of gross testicular and epididymal pathology, predominantly
orchitis and degeneration. Corynebacterium pyogenes, Staphylococcus spp
and Streptococcus spp were isolated from 11 cases of orchitis and
periorchitis, '8 «cases of testicular degeneration, one case of
spermatic granuloma and 2 cases of epididymitis, Amongst the latter

organisms isolated, C, pyogenes was most predominant.

Hematologic findings:

The P.C.V,, hemoglobin and blosd cell counts were all within
normal range in all the bulls examined. Parasitological examination
of the blood revealed severc infections of Babesla bovis in 18 bulls,
severe infection of Teypaposome vivax in four bulls and 2 mixed

infection of T. vivax and 3. bovis in two other bulls. All the bulls



88

infected were concurrently showing clinical signs of varlous testicular
and epididymal lesions of varying degrees of severity.
Serologic findings®

Thirty-one bulls were serologically positive for brucella infection.
B. abortys was isolated from the testes and epididymis of 27 out of the
31 bulls serologically positive for brucellosis. All the bulls infected
with brucellosis were showing clinical signs of testicular and

epididymal lesions of varying degrees of severity,
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Table 23 Gross pathologic conditions of the scrotal contents
of indigenous bulls in MNorthern Nigeria

*
- «
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¥ano 2400R 33 14 17 14 3 82
12004F 15 3 2 3 1 0 24

Danbatta 78WE 1 0 2 0 0 0 3
Bunkure 36R 2 3 0 1 0 0 6
Kadawa 6SG 0 0 0 2 1 0 3
Tiga 105G 0 0 0 1 0 0 1
Zaria 350WF 4 5 1 0 3 0 13
Samaru 87WF 1 2 1 0 0 1 5
Funtua 143WE 0 0 0 0 0 0 0
Bakore 35G 0 1 0 0 1 0 2
Kaduna 417WF 5 0 f 0 0 0 13
Total 4730 61 28 31 21 7 4 152
‘ n“ 1.30 0.’9 0065 0044 0.15 0-08 3.31

* Breeds: R,= Rahaji; WF = White Fulani; S.G, = Sokoto Gudaild
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Table 3: Gross pathologic changes in the testes of 4730
indigenous bulls in Northern Migeria,

Distribution of 1esions

T et W ey

Lesion

affected affected
bulls bulls
Testicular 28 0.59 20 71,43 3 28.57
degeneration
Testicular 31 0.66 23 74.19 8 25,81
hypoplasia
Orchitis 21 0.44 i5 71.43 6 28 .57
Cryptorchidism 61 1,29 61 100.00 0 0.00
Spermatic 7 0.15 7 100.00 0 0.00
granuloma

Total 152 3.21 130 w 22 .
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Table 41 Higtopatholegic findings in the testes of
667 out of 2000 indigenous bulls in"'
Northern Ndgeria,
stribution of lesio :
|
Affected butls Unilateral Bitateral
(No, 2 (%) of (No.) (B of (Mo,) (B of
total affedted affected
bulls bulls buils
Testiculer 372 18,60 102 24.40 270 72.60
degeneration
Orchitis 153 8,10 100 61.30 83 38.70
Testicular 105 5.30 o5 80.50 1o 9,50
hypoplasia
Epididymitis 27 1,40 19 70,40 8 29.60
Total 667 33.40 316 -~ - 351 - -
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Fig 1: Unilateral testicular hypoplasia; Left testis approximately
3 right testis.

Fig 2. Testicular hypoplasia involving almost 98% of the seminiferous
tubules. Note arrest of spermatogenesis at primary spermatocyte
stage. x 450



Fig 3: Severe testicular hypoplasia, Note scantiness of germinal
cells and partial obliteration of lumen. x 450

Fig 43 Moderate testicular degeneration,

Note pyknosis and
karyorrhexds. x 450



Fig 5:

Severe testicular degeneration. Note giant cell,

desquamation and sloughing of germinal cells.

x 450

04
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Discussion
The incidence of scrotal content abnormalities was lower than
reported elsewhere by other investipgators (Lagerlof, 1938; Haq, 1940;
Vander-Siuis, 1953; Barker, mshe~ ; Carrnil et al., 19'6'3). This might
be due to the larger number and the composition of bulls studied, thelr

age and physical conditions, criterds used to classify the various

pathologic lesions, breed differences, and envirommental factors and

J

thelr interections. The cited fnvestigrtors used smalier number of bulls.
The incldence of clinical orchitis €0.44%) was far lower than

the 24% reported in Sweden by Largeriof (1938) and the 25% reported

in Canada by Batker (195;). Gibbans (19572 reported that orchitis is

usually unilateral and uncommon 1f trauma and degencerative changes are

excluded. The findings in this surve? are in conformity with Gibbons

observation, Trauma was observed to he the primary cause of most of

the orchitis seen in this study., This may partly be due to the type

of husbandary practice by the local herdsmen which subjects their cattle

to injuries. The 1solation of {.pyogenes organisms in somc cages is -

in accord with the results of other investigators (Gibbons, 1957; Konig,

19;4; Jubb and Kennedy, 1970), Although the mere prescnce of the |

organlsm is no evidence of cause and effect, C. pyogencs has been .

implicated as one of the etdological agents of orghitis, testicular

[



degeneration and seminovesiCuiitis (Jub® and Kennedy, 1970; Roberts, 1971),
Testicular degeneration was the most common histopathologic

lesion observed. The gross and micraseopic lesions of the variocus

degrees of severity of degeneratinn were in agreement with other reports

(Lagerlof, 1938; Knudsen, 1954; Jubb and Kennedy, 1970; Watg, 1974),

The dncidence of 18.gﬁ=was significant. In a similar study, a monthly

incidence nf 20% testicular degeneration was observed, with no brecd

difference or seasonal pattern (Kumi-niak31197é). Bulls in the troplcs

are considered to be under thermal stress eapecially during the hot

season, and as such are expected to produce poor quality semen as a

result of abnormal spermatogencsis (Casady et al., 1953; nonaldsqn,

1963; Skinner and Louw, 1§£;). The present study dndicates that

testicular pathologic lesions such as degeneration, have no seasonal

pattern. In a previous report, Spermatogenesis was reported to be

active throughout the year, with no significant retropgression during

the hot season (Kumi-Diaka, 197g). The present result which indicates

that testlcular degeneration is most ¢ommon in middlie-aged and older bylls

(3,5 ~ 10 years)? 1s in agreement with the findings of Hooker (1044);

Knudsen (1954); Galioway (19%-1); Collins et a2i. (19;9) and McEntee (1970),

It 1§ generally accepted that advancing age ds associated with permanent

degencrative changes in the testes of man and domestic animals -

(Lancester, 1956; Rao, 1971;). The Fulani herdsmen do not practice

: I



07

culling, and excessive use of bulls, especially when they are aged,
may predispose to testicular degenerotion and contribute to infertility
problems.

In fectious, nutritional, hormonzl an! other factors as possible
causes of testicular degeneration have been reported (Lagerlof, 1932
Moore, 1948; Gibbons, 1957; Roberts, 1971;), The isolation of brucelln
organisms in some cases of testicular degeneration aml orchitis is
significant. Orchitis due to brucellosis in bulls has been reported
(Jubb and Kennedy, 1970; Roberts, 1971). This leads to infertildty

(Roberts, 1971),
and abortion as the organisms are venereally transmitted to the cows {
Besides, orchitls due to brucella suppresscs spermatogenesis.,

In this study, Trypanosome yivax wes seeni ~ in some bulls
with severe testicular degeneration and/or orchitis. It is probable
that the changes in body temperzture associated with T, wvivax
infection may contribute to injury of germinal epithelial ccils as has
been reported by Fayne (195;) in mice. Uabesiosis as a cause of
testicular degeneration and/or orchitis has not been reported, However
the pyrexia associated with this ('isease could have adverse effect on
the germinal epithelial cells as has “een reported in tick-horne

fever in rams (Watson, 1964).

The incidence of 0.66% gross testicular hypoplasia was lower
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than those reported in the Iiterature (lageriof, 1934; Carroll et al.,
1063). Some Aifficulties were experienced in distinguishing hypoplasis
from atrophy, and this made the assegssment of the incidence of the
former Aifficult. Bishop (1970) and Jubb and Kennedy (1970} considered
that because of the varlable expreasions of hypoplasia, differentiation
between it and atrophy/degeneration is either difficult or not valid,

Among the cases of testicular hypoplasia seen, there wes no
evidence of trauma and no bacterial organisms isolated upon cuilturc.
The hereditary nature of the condition has been established (lagerlof,
1934, 1938; Brrikson, 1943; Ladng and Young, 195;; Givhons, 1957;).

A1l the cases of cryptorchicdism observed were uniliteral and
inguinal, with an incidence of 1.20%, This is in conformity with the
ohservations of Blom and Christensen (1947), Bishop (1972) ana
Golloway (1974). The cause of bovine cryptorchidism was not establighed
in the present study but its hereditary nature is well established
(Couvreux, 1943; Bishop, 1072), No age Incldence was observed and
this finding is in agreement with Gibbon's repart (1957). |

The prevalence and manifcestations of epididymitis were in.
agreement with the ohservations of Watt (1074) and Doolette (1653),

The bacteria isolated in some of the cases in the study reported here

of epididymitis and periorchitis have a1so been reported as among the
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infﬁctious agents causing the conditioﬁs (Gunn et al., 1992; Roberts
1071 and Edgar, 1959}, The fallurc to 1solate bacterial organisms
from some pf the orchitis and epididyrndtis leads to the susplcion that
traums might be the¢ cause., However this could also indicate old and
sterile lesions. S

The immediate cause of the clinical cases of spermatic granﬁloma
could not be ascertained. In one casc, the appearance of the affected
testisg/epididymis indicated traumatic ctiology as reported by Turnbull
and McKay (1973), : o

The scrotal streptotrichosis observed did not appear to affect
testicular function. Fowever, in the most extreme, chronic cases,
there was thickening of the scrotum and moderate microscoplc testicular
degeneration and inflammation, MRyt streptotrichosis, as the primary
cause of the degeneration, could not be substantiated in the present
study. However it is probable *hat the thickening could interfere

with the thermoregulatory activity of the scrotum,
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Section III
Quantititive. estimation of spermatogenesis in normal and

grossly abnormal testes of indigenous bulls sent for
slaughter

Summery

Spermatogenesls in normal and grossly abnormal testes, and the
significance of sertoli cell index (SCI) as a measure of testicular
degeneration, was studied in 2;4 indigenous bulls, =~ . . *

The means of the testicular weight and dimensions and the
seminiferous tubular diameter werc lower than reported for the Bos
feurys breeds. The mean seminiferous tubular diameter was smaller
than reported for the Fps taurus, thougb within the range. Inter-month
and intra-month variations were highly significant (P (.01).

‘ A mean percentage of 77;;1'apermatugenenia was reported for the
year, Active spermatogenesis was observed throughtut the year, with
a peak during the rainy season and extending towards the pre-dry season.
This was consistent with previous reports. Severe testicular
degeneration was found to influence spermatogenesis. This was
reflected in the decrease in SCI .4t~ .

Mi1d degeneration Bad oo significant effect on

spermatogenesis, and did not significantly change the basic/normal

ratio of SCI,
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5CI as a measure of spermatogenesis is complicated, since the
| _ .
latter is infiuenced by such factors as age of the male and level of

mitrition, among other things.

Introduction

The worldl human population depends on animals as a major source
of protein, Dally protein consumption per capita in most Jeveloping
‘countries including Nigeria is low. With the advent of artificial
ingsemination, hull fertility has bLecome more and more important, and
extensive studies of the histoloslcal elements of the bovine testes
have been made by various investigators (lagerlof, 1939; Moore, 1948;
Laing and Young, 195;; Hymphrey and Iadds, 1975), However, a thorough
study of the histological pictyre of the testes of the indigenous
bulls in Nigeria has not been undertaken. o
| The objective of the investigation was to study spermatogenesis

in grossly normal and abnormal testes of indigenous bulis in Northern

Mgeria,

Materials and Methods

Scurces of the testes:

The scrotum and dts contents from 264 Bunaji (White Fulani) bulls

47 Were collected for a period of 12 months, at a rate of 22 sampled bulls

%
T
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a month, from various abattoirs in Kaduna and Xano states of Mgeria,
The bulls, varying in age from 2 to 7 years were in good physical
conditions at the time of slaughter. Pre-slaughter clinical
examination included palpation of the scrotal contents to ascertain
the presence or absence of gross pathologic lesions, such as orchitiyg,
testicular degeneration and epididymitis.

The testes were removed soon after the animals were slaughtered,
examined and immediately dissccted and weighed on a torsion balance,
The dimensions- length and width, were then taken. Histological
sections were prepared as already described in section II of this

investigation, for both the normal and grossly abnormal testes,

Microscopic studjes:
S1ides were first screened under 1ow power (x100) magnification
and later studied in detail under high dry (x450) and oil immersion
(x1000), Five different points on each siide were selected (as described
in section II) and 10 transversely cut seminiferous tubules (50
tubutes per siide), were examined., Tybular diameter was taken with
an eyepiece micrometer scale which was calibrated with a stage
micrometer at x450. The diameter, measured from one basement membrane
to anotheér basement membrane of the seminiferous tubules represented

in every case, the average measurements of 50 tubules, taken at the
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vardous points., Only tubules with perfectly clear transverse sections
were measured. The germinal cella and aertoil cells within the selected
tubules were counted and the process of apermatogenesis studied.
Spermatogenesis was assessed by examining sections for: (1) presecvation
of architecture of tubules and (2) number of tubules containing
spermatids per low power field (x100) expressed as z percentage.
Sertoli celis index (SCI) was determined for both normal and abnormal
spermatogenesls and the results compared. The SCI was obtained as
follows: a differential count of the germ cells and sertoll cells
was made in the 50 selected seminifercus tubules per siide, The total
mumber of couhted germ cells in the crods sections of the tubules ql-'
was divided by the total number of sertoll cells fournd in the crosa
sections of tubules. The resultant values were referred to as SCI
(Kumi-Dioka and Dennis, 1978)., The degree of testicular degeneration
was related to 5CI, - ' |

The results of 211 the findings were subjected to statistical

analysis of variance.

Results
One hundred and fourteen of the selected bulls had grossly normal

testes, 10 bulls had unilateral hypoplasla/atrophy and 140 bulls had

Y
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gross testicular degeneration and/or orchitis as rcovealed by size,
consistency, color, sensitivity to touch and post-mortem findings

such as adhesions between the tunics and the testes,

Gross dimensjons:

Table ! shows the testiculer bioﬁetric data. The aﬁérage monthly
lengths of the right and left teutes were 11.88': 1,30cm and 11,53 :'1.40Cm|
respectively and the average monthly diameters of the right and left
testes were 4,90 :_O.QO om and 5,03 * 0,50 cm respectively. The
interemonth and intra-month differenceg in both the lengths =nd
diameters werc not significant (? '>> J05), |

The average weights of the right and left testes wéré 1;5.45
¥ 5,43 gm and i;7,55 Y 8.35 gm respectively. The mcan total wedght
of the palr was 289.;7 +11.3 gnn, The inter-month and intra-month _
variations for the bulls were found *o be highly significant (P (: L01)
as shown in Tgble 3. The monthly average scrotal-wall thickness wos

0.45 * 0,05 cm. 3oth inter-month und intra~month variations were not

significant (¢ > ,05),

Mjcroscopic evaluation of the seminiferous tubules:

Microscopic evaluation revealed: normal testes in 116 bulls;
unilateral hypoplasia in 8 bulls and testicular degencration and
" ‘orchitis in 140 bulls (slight degeneration in 60 bulls, moderate

*
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degeneration in 50 bulls and severc degeneration in 30 bulls )e

The peripheral layer of the seminiferous tubular epithelium was
composed of germinal cells, a greater number of which was spermatogonia,
at rest or in mitosis and the sertoll cells. Two types of spermatogonia
cells (Spg) designated Spgh and SpgDB - were identified; with the latter
predominating in most cases (Table 2 and Rig,1).

The average monthly diameter of the seminiferous tubules was
222.7 * 12 microns. Both the inter-month and intra-month variations
(P & 401) were highly significant (Table 3). 'The average number of
sertoli cells per tubule was 13.0'_‘; 3.0, and both the inter-month
and intra-month variations (P < «01) were highly significant. These
sertoli cells were polymorphic, with their bases on the basement
membrane. They had scanty cytoplasm with inconspicuous nuclei. The
Spgh and SpgB cells averaged 3.3 * 2,0 and 5.4 * 3.9 in nuymber respectively
per tubule. The inter-month and intra-month variations were highly
significant (P <.01 ). The SpgA were round to oval in shape, had one
to two nucleoli and a single nucleus with finely dispersed chromatin.
This gave a somewhat "dust-like" appearance to the cells as described
by Cote and Cupps (1959), Likewise the SpgB were round to oval in
shape, and have nuclei with chromatin material which clumped together,

This gave the cells a crust-like appearance (Figs.l and 2)., The more
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centrally placed prinmary spermatocytes (fig.l) had a monthlv:average
of 41.0 * 20,2 per tubuic. The transitory secondary spermatocytes
were excluded from this study as they were difficult to ddentify and
were rarely seen. The round and elongated spermatids averaged 41.0
* 9,8 and 35.0 * 8.3 per tubule respectively. DBoth the inter~month
and intra-month variations were highly significant (P < ,01). These
cells were more centrally located within the tubules than the spermatocytes,
Fig.2 shows the gradation from Spgh and SpgB to mature spermatozoa

in the process of normal spermatogenesis, The monthly average |
percentage spermatogencsis in normal and slightly degenerated testes

was ?7.6 *3.1% (Table 2), Moderayeiy and severely degenerated testes
averaged 59,7 * 8.4% and 31,1 * 11.0% spermatogenesis respectively.

Both inter-month and intra-month variations were highly significant
(P ,01), The difference in percentage spermatogenesis in slightly
degenerated testes and in normal testes was not significant (v :> 012,
Fig.3 shows typical severe testicular degeneration. _.i

The difference in the number of germinal epithelial célls in the

normal and abnormal testes was reflected dn the SCI, The average 3CI

of normal testes was 11.5 with a ranpge of ¢ to lg. The average €I of
slightly degenerated testes was 11,0, ranging from 5 to 14, The
moderately degenerated testes had an average SCI of 8,8 and a range of

: & to 11, The average SCI of the severely degenerated testes was 5.4
|
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ranging from 3 to 9. Doth the inter-month and intra-month variations
| 1
between the normal testes (and s1ight degeneration) and severe |

degeneration were highly significant (P <01 .
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Table 1: Mean biometric data of the testicles from 264 indigenous bulls
in Northern Migeria
Right testis Left testis Right testis [Left Testis Right testis Left testis Scrotal
Month Length Length Diameter Diameter Weight Weight .hickness
(em) (em) (em) (cm) (gm) (gm) (cm)
M SD M SD M SD M SD M Sb M SD M SD
1977 :JAN 12,0 # 1.10 12,2 *+1,0 4.9 * .83 5.2 * .48 158.7 ¥ 8.9 166,7 * 11,6 0.40 + ,04
FEB 10,3 * .67 9.9 * .81 4.2 * .47 4,6 * .63 130,94 * 9,10 133.5 * 8.5 0,40 * .05
MAR 10,1 * .36 10.4 * .93 4.5 * .33 4.8 * .81 108.,5 * 3.40 114,2 * 3,4 0,38 * .01
APR 9,5 *+ .18 9.5 * 1.0 3.9 * .75 3.9 .30  101,9 1,8 103.0 * .9  0.42 * .05
MAY 8,0 * .21 7.5 * .24 3.6 * 60 3.8 * .08 58.1 +2,2 55,1 +54 0.50 * .09
JUN 11,9 4 1,13 11.8 *#1,.1 5.5 * .88 5.6 * .94 172,00* 17,2 184.1 + 12,1 0.51 * 0.10
JUL 14,0 * 2,10 13,5 *+ 2,13 4,5 * .47 4,5 *+ .54  163,4 *+ 4.9 162,5 * 90,8 0,48 * 0,07
AUG 16,0 * 2.70 17,0 * 4,76 5.8 * .93 + 5.5 * ,50 205,0 * 21,9 231.,9 * 16,4 0.46 * 0.05
SEp 15,1 *+3.83 15.1 * 2.80 7.0 * .94 7.7 * .89 324.0 * 26,7 324.0 * 22.1 0.40 * 0.03
OCT 13,4 +1.60 12,7 1,20 5.8 * .80 6.0 + .38 158,5 * 10.4 152.7 * 11.5 0,50 * 0,01
NOV 11,0 # 1,10 9.2 * .47 4.5 * .36 4.3 * .4 121,1 + 4,3 100.7 * 2,3 0,40 * 0,07
DEC 10,5 * .55 2.5 * .31 5.0 * .10 4.4 * ,03 284.0 * 2,4 282.2 * 3.4 0.48 * 0.03
Total 142,3 *# 15,53 138.3* 16,75 59 ¥7.49 60.3 * 5.98 1985.6 *113,20 2010.6* 102,54 5.33 * 0.61
Aver.  11,86% 1,30 11,53* 1,40 4.9 * 0.60  5.03 * 0.50 165,45 9.43 167.5 * 8.55 0.44 * .05
M = Mean
SD = Standard deviation
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Table 2: Histological quantitative evaluation of spermatogenesis in Bunaji bulls
in Northern Nigeria

Tubutar No. of No, of No. of No. of % Spermatogenesis
Month diameter - %ertoli — sp"goniz —— stcytes srids M sp
() Celt A 8 I 1II R 1 -
M SD MW SO M 8D M SD M SD
JAN 244 * 19 16 * 4 21,2 1 +.,9 22%9.9 -- 89438.1 3#.4 80,0 * 2.5
FE3 207 * 8 13 +2 6 +1,8 5 +2.3 3345.1 - 1533,0 150%1  80.1 % 1.7 ]
MAR 171 * 4 19 * 7 5 +2.4 0 *2.0 30%20.2 -~ 13331 10%.1  69.8 * 0.6
APR 218 + 9 10 + 1 3+1.8 4+1.8 28M7.4 — 184.8 6#.0 65.3 20,6
MAY 180 + 8 15 +3 2316  2+1.1 27HM1.4 -  B84.0 63¥3.7 57.0 214 -
JUN 224 + 17 9 +3 2+1,7 5 *1.9 4249.3 -~ 8821.1 2021.0 70.2 * 2.2 b
JUL 258 + 16 7+2 3 +2,4 6 +7.1 64%27.7 -~ 2933.1 20#.95 71.8 * 1.6
AYG 261 + 14 13 + 4 3 #2:6 11 +3.,6 35#25.3 -- 110%2,1 15#.7 85.5 * 2.1
SEP 264 *+ 14 17 * 5 4 %24  4*21 6026.2 — 1082226.0 5711.1 82.9 * 3.7
ocT 255 + 21 9 +1 2 +1.6 3 +2.5 45321,3 ~— 12787.9 122.9  89.3 ¢ 5.1 )
NOV 183 * 13 14 *5 3 +2,4 4431 72381.8 -- 117421.4 3025.1 92.6 * 8,7
DEC 207 * 11 14 *4 4 %1,7 11 +8.7 33426.3 - 11239,1 25%2.0 8.3 * 5.9
TOTAL 2672 + 154 156 + 41 30 + 24,1 65 * 4.7 4914241,9 — 4952117.6 420209.9 330,82 37.1
AVE, 222:7% 12 13 *3 3.322.0 5.4 3.9 41320.2 = 4129.8  3538.3 77.6% 3.1
M = Mean _ Stcyte 1 = Primary spermatocyte
SD =  Standard deviation Stcyte II = Secondary spermatocyte
mvmu_gwm = Spermatngonia A and B _ Stid R = Roum spermatid

Stia L = Elongated spermatid o ¢
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Table 3: Analysis of varlance of the variations in testicular and
spermatogenic parameters in indigenous bulis in MNorthern

Nigeria '
Paremeters Sources of S.S D,F, ¥*Mean-square
variation [

Seminiferous tubular Between months  4291156.8472 11 30010.8225
diameter Within months 498315.4461 588 847 ,4752
Sertold cells Detween months 785,6933 11 71.42687
Within months 9016,1400 538 15.8642
Spermatogonia~A Between months 342,.8844 11 31,1713
Within months 2541.2756 588 4.3219
Spermatogonia-B Between months 534.3711 11 48,5792
Within months 7464.3222 588 12.6944
Primary spermatocyte Between months 55204.7806 11 5018.6164
Within months 239225,1377 588 406 ,8455
Biongated spermatid Between months  383929.2531 11 34902.6594
Within months 28470308, 32402 388 5011,918¢
Round spermatid Between months 48241 ,6300 11 4385.6028
Within months 586354,1674 588 997.2010
% Spermatogenesis Between manths 2764.2372 11 251,2934
Within months 35739.5961 588 60,7816
Testicular weight Between months  276058.2576 11 25096.2052
Within months 2189772 .5274 588 3724,102¢

*h* Botween and within months variations were highly significant for all

parameters,

8§ = Sum of square

DR =

Degree of freedom
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Pig.1 Process of spermatogenesis in 2 normal testis showing the germinal
and sertoli cells. Note the prominent spermatogonia ~A and =3 x450

Fig.2: Process of spermatogenesis in 2 normal testis showing the gradation
of spermatogonia A to mature spermatozoa. x 450
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Fig. 3t Cross section of the testis showing severe testicular
degeneration., Note reduction in the number of germinal
epithelial cells. x 450
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M secussion

The mean values obtained for the length, diameter, and welght
of the testes were lower than those reported for Bos taurus breeds
{Bllenberger-Baum, 1939). According to Igboelil and Rakha (1971),
the testes of local bulls are, in general, much Smaller than those
of exotic breeds. This 1s reflected in the mean ejaculate volume
and total aperm cutput of ejaculate, A high positive correlation
has been reported between testicular size and sperm production
(Willet and Onms, 1957; Mupp, et al. 19.6‘2; Hahn, gt al, J.QQQ).

The significant interemonth and intra<month variations
observed might refiect individual variations, and might also possibly
be due to the breed of Dos indicus used in the study, thelr age, size,
pathologic, physiologic and envirommental factors such as nutrition.

The mean diameter of the seminiferous tubules provides a |
useful and simple gulde for assessing testicular development and
function (Hey, et ale 196;1 }o 'The values obtained for the tubulaer
diameter were inconsistent with those reported by lagerlof (1639),
The range of 180y to 26;4 u was within the range of 170 um to
300 um, but less than the maximum that Laperiof (1939) reported for
the Hos taurus. Tubular diameter'!s dependent on the stage of
the seminiferous epithelial cycle. Testicular size, in general,

|
!



can be influenced by nutritional, envirommental, physiological
and pathological conditions (Lagericf, 1939}, One or the other of
these factors might have affected the measurements obtalned in

this study, _ _
Spermatogenic activity was manifestéd by the presenée of -
germinal cells and the varlous stages in the development and
maturation of spermatozoa in the seminiferous tubules, The
mean percentage spermatogenesis, expressed by the number of tubules
containing spermatids per low power fields (x100), was 77.; * 3.1%,
The significant inter-month and intra-month variations might be e
due tot! different ages of the bulls, patholegical and physiological.
conditions, seasonal, nutritional and other factors yvet to be

i1dentified.

Bulls in the troplcs are considered to be under temperatufe
stress and, as suck, would be expected to produce poor quallty semen
~ a reflection of disturbed spermatogenesis ,Q(Chsady, et al 1953;
Dutt, 1960; Skinner and Louw, 1966). The preseat results do not
support this view, and indicate that there iz active spermatogcenesis
throvghout the year. The mean monthly percentages of spermatogenesis

and correlation of the gross testicular dimensions indicated

increased activity early in the rainy season and extending towards

s
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the end of the pre-dry season; a factor in keeping with the better .- .
nutrition during these periods. This finding is consistent with
previous reports (Kumi-Diaga, 1976),. g

Sertoli cell index (SCI) as n measure of testicular
degeneration was studied. UModerate and severe degenerations affected..
the normal or basic ratlo. The SCI decreased with the severdty
of degeneration, indicating disturbed spermatogenesis. This, in
part, wag dye to the fact that more germinal cells were affected,
and somctimes sloughed off, in severe degeneration. In this study,
sertoll cells appeared fairly constant in all cases as the total
number of the germinal cells decreased with increased severdty of
degeneration, It could, thereforc, be concluded that the sertold
cells were highly resdstant to the factors which were harmful to
the germinal cells as reported by Faulkner (1959). It was 2180
obvious from this investigation that siight degeneration showed no
slgnificant effect on spermatogenesis. The significance of SCI
as an index of testicular degeneration, and therecfore, the degree
of spermatogenesis, 1s not clear, in view of the many factﬁrs
involved in its determination. This view 1s in conformity with the

reports of an earlier study (Kumi~Diakxa and Dennis 1978),
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SECTION IV

A clinico-pathologic study of the accessory genitalla, prepuce
and penis of indigenous bulls in lorthern MNigeria

Summary

Ciinical, post-mortem and histological studies of the penis,
prepuce and accessory genitzlin of 4730 indigenous bulls in
Nigeria were carried out. The bulls varied in age from 3 weceks
to 10.5 years.

The most common clinical condition with regard to the
external genitalia was preputizl prolapse (0.4%). PFour of the
lesions had resulted in phimosis. DPalanoposthitis occurred in 6
bulls (0.13%); phimosis in 7 bulls (0.,15%); paraphimosis in 2 bulls
(0,04%); penile fracture in 8 bulls (0.17%); penile deviations in
% bulls (0.08%); hematoma in 9 bulls (0,19%) and adhesions in
11 bulls (0.23%), Adhesion between the prepuce and penis was
found to cz2use phimosis, Vosthitis and balanoposthitis resuylted
in cases of phimosis and parsphimosis. The bacterinl flora

commonly observed in the preputial cavity included Corynebacterium

pyogenes, Staphylococcus aurcus, and C. renmale. Their

significance in cases of balanoposthitis couild not be ascertained
in the present study. Other clinical conditions of the prepuce

and penis such as penile tumors and urolithiasis were not seen.
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Persistence of the frenulum a8 a cause of phimosis was seen in two
bulls.

Seminal vesiculitis was the most common condition clindically
and histologically diagnosed with regard to the accessory genitalla,
Grossly 3 bulls had unilateral left seminal vesicular hypoplasia,
7 had bilateral atrophy asd 26 bulls had seminovesiculitis of
varying degrees of severity, The bacterial flora isolated from
suppurative seminovesiculitis in 2 bulls included C, encs
beta-hemolytic Bscherichia coli and Staphylococci. The
significance of these organisms could not be ascertained.

The most common histopathologic changes observed in the
seminal vesicles were varying degrees of severity of inflammatory
reactions - mild, in 119 bulls (5,95%), moderate in 69 bulls
(3.45%) and severe in 28 bulls (1,40%), The overall incidence of
10.8% was higher than reported in the literature, and was rather
difficult to account for in this study.

No gross or histopathologic lesions were observed in the
prostate glands, pelvic urethrae and ampullae in all the bulls

investigated.



Introduction SR "'.i j

The testes perfomm a dual funcfion of Spermatogenésis and
steroidogenesls, But the viabllity of spermatozoa depends on the
physical and physiolegical status of both the testes, epldidymes
and the accessory genitalia, The seminal vesicles produce about
85% of the seminal fiuid (Roberts, 1971), Pructose, the major
energy source for spermatozoa is a component of this fludd; and
spermatozoa acquire active motility when they enter the seminal -
fiuid., Aay intrinslc or exogenous factors which disturb the normal
function of the accessory genitalia, especially the seminal glands,
may alter the viscbility of spermatozoa and hence affect fertility.

Certain pathological conditions of the entire penile gland
2nd prepuce may affect 1ibido and mounting ablliity of the bull.
These conditions, may therefore lead to infertility and/or sterdility,
though spermatogenesis may be normal {(Zemjanis, 1971; Roberts, 1971;
McEntee, 19;2). Other genital conditions, such as seminovesiculitis,
may manifest themselves in preputial discharges (Ball et al, 19;8).
The causes of infertiiity in bulls indigenous to Migerla have not been
well documented, It has been however, observed that under—nutrition

and malnutrltion rather than organic diseases play a more significant

role in infertility (Kaumi-Diaka, 1976),
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The objectives of this study were:

(a) to study the gross and histopathological conditions of the
accessory genitalia with particular emphasis on the seminal
vesicles, and (b) to study the gross pathological conditions
of the penis and prepuce which may interfere with fertility

in indigenous bulls of Northern Nigeria.

Materials and Methods

The entire penis and preputial sheath of 4730 White Fuland
(Bunaji), Rahaji and Sokoto Gudald bulls (aged 3 weeks to 10,5 years)
were examined clinically and at post-mortem in 10 abattoirs in Kane
and Kaduna States of Nigeria for a period of 12 months. These
bulls came from different parts of MNorthern Nigeria. Pre-slaughter
examinations following adequate restraint included palpation of
entire genitalia and retraction of the penis from the preputial
sheath, whenever possible, using electroejaculator. The accessory
genitalia were clinically examined by rectal palpation. The bulls
examined in the previous sections (IL.III) were included in this
study.

Grossly the penis and prepuce were carefully examined for:
discharges, lacerations, posthitis, balanitis, paraphimosis,

phimosis, ruptures, hematoma, abscesses, adhesions, deviations and
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and other congenital or acquired abnormalities of the retractox
penia muscles and aigmoid flexure. The acceSSOrylgenitalia were
examined in situ as soon as the bulls Were slaughtered, before
bedng dissected for further gross exam;nation, within 30 minutes
after 515u§hter. Grossly, these glands;.e5pec1a11y the seminail
vesicles, were examined for: symmetry, size (hyperplasia,
hypOplasia, aplasia) lobulations (exagzerated ruduced, smooth,

S
normal) and other £ross abnormalities. _ ' o : !”

M stopathological studics were carried out on the accessory

' Iglands of 2000 bulls. Sections, about S5mm thick ‘and 10mm long,
.from the glands - ampullac, semina)l vesicles, prostwtes and

pelvic urethrae - were cut and fixed in Bouin's solution for 48
hours. PFParaffin sections were cut at 5 to ; mlcrons and stained
with hematoxylin and cosin (H & BE), Masson's trichrome (M T),

Van Gleson (V G) and Brown and %renn (B & B). Aerobic bacteriolow
glczl study of the penis, prepuce and accessory genitalla was carried
out on the same 2000 bulls, using blood and McConkey agar plates,
incubated at 37°C for 48 hours. Staining was carried out, using
Gram stain. Stalned or isolated bacteria were identificd according

to the method of Merchant and Packer (1967).

R Results . 0
S o SRR R U
Gross findings e R 519: 5i'1_

An overall 1,87 per zent incidence of Eross pathologic
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conditions was encountered, and the detailed results are summarised
in Tables 1,2 and 3, Preputial prolapse was encountered in 22 bulls
(0,47%). Four of the cases were severe and chronic and had
resulted in phimosis. Other conditions observed were} balanoposthitis
(0.13%), phimosis (0.15%), paraphimosis (0.04%), hypospadias (0,13%),
penile fracture (0,17%) and penile deviation (0.08%), Fig 1 shows
a case of hypospadias and typical penile fracture is illustrated in
Fig 2. Adhesions were seen in 11 bulls, aged 2.5 to 5 years,
hematoma in 9 bulls and abscess anterdor to the sigmoid flexure
in one bull. The adhesions between the prepuce and penile
urethrae were mostly slight, except in one case which had resulted
in phimosis. At post-mortem, further adhesions were observed in
the region of the sigmoid flexure (Fig.3), and between the latter
and the adjacent tissues in 7 bulls whose ages ranged between ;
and 10 years.
ihe hypospadias were observed at birth in 2 bull calves, and 4

other cases in 3 to 4 weeks old bull calves. Conditions such

as tumors of the penis and urethral calculi were not seen.
A total of 5; bulls showed gross lesions of the seminal

vesicles; 3 bulls had left unilateral hypoplasia, (left 5 gm vs

right 78.9 gm; left 26.7 gm vs right 101,30 gm; left 29.91 gm vs

right 95.8 gm). Seven bulls aged 3 = 7.5 years had bilateral
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atrophy of the seminal vesicles {average welght of 27.5 gm) and.' _:
Zg buils had seminovesiculitis (Fig.4), Seminovesiculitis was
characterised by reduction in or complete loss of lobulations,
enlargement, firmness and induration in some cases and peritoneal
-'AAhesions. No gross lesions were rectally palpated or seen at
post mortem in the ampullae, prostate glands and pelvic urethrac of

any of the bulls. Grossly novmal pelvic genitalia is shown in Fig.5
, S S R
Bacteriological findings -~ e b

Mixed bacterial flora from the prepuce of 950 bulls included;

-Eecherichia coli both hemolytic and non-hemolytic; Corynebacterium

pyogenes; Staphylococcug aurcus; Streptococcl spp and Proteus

vulgaris. The seminal vesicles of 2 bulis contained purulent

exudates from which C. ongenes and hemdlvtic E, coli were isolated.

Hstopathologic findings
Table 3 shows the results of the histopathologic findings of

the pelvic genitalia. Seminovcsiculitis was observed in 216 bulls
(10,8%). Of this, 193 ceses (9.65%) were unilateral and 23 cases
(1,15%) bilateral. The aeverity of the condition was variable,

Mi1d seminovesiculitis was seen in 59 (3.45%) bulls and severe case
in 28 (1,40%) bulls. The mild forms consisted m%inly of multifocal,
.perivaSCular 1nf11tration of mononuclear cells; there was no fibrosis
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and only a few stromal spaces were nffected. The moderate semi-
novesiculitis was exhibited by multifocal and in some cases diffuse,
stromal inflltration of neutrophils and mononuclear cells, and
moderate fibrosis (MTw.stain) of the interstitium. In chronic .‘.
severe seminovesiculitis, there was diffuse perivascular and
subepithelial infiltration of mononitclear cells, and varying degrees
of fibrosis (Fig.g). o o [ )

There was no histopathologic lesion observed in the prostate

glands, pelvic urethrae and ampullac of any of the bullsz examined,

|
|
|




. Table 1t Gross defects of the penis, prenuce and
. accessory organs of indigenous bulls in

Wt

Morthern Migeria
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WF = White Rulani;

5.G. = Sokoto Gudaii
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~ Table 2! Gross pathologic observations of the genitalia of 4730

indigenous bulls in Northern Nigeria

Gross lesibns No of bull Percent
- : affected affected
Preputial protapse 22 | 0,47
Balanoposthitis 6 0.13
Phimosi; -7 0.15
Paraphimosis 2 0,04
Penile rupture ig 0.17
Penile deviation 4 0.08
Hypoapadias 6 0.13
Seminovesiculitis 26 0.55
Seminovesicular atrophy 7 0.15
Total 88 1,87
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Table 3: Histopathologic observations of the pelvic genitalia of 4730
indigenous bulls in Northern Nigeria

Histopathologic No of bulls Per cent
lesions - affected affected
Seminovesiculitis:
unilateral ' 193 9.65
bilateral 23 1,15
Ampuliitis 0 0.00
Pgostatic lesions 0 0.00
Urethral lesions 0 0.00

To tal : 216 10,80%
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Fig.l: Hypospadias in 2 two-day old bull calf

Fig.2: Hematoma following penile rupture in 2 bull
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Fig.3: oSevere adhesions in the <3
1

=
in 2 bull, with resultant

Fig.4: Seminal vesiculitis in a bull with loss of lobulation

and fusion of ampullaec



Fig.5: Normal pelvic genitaliz of bull showing normal 1vic

k

urethra, prostate gl '-'Ifi_' seminal vesicles and ';':]:'1_;:1"‘_

-

B S T

Fig.6: Severe seminovesiculitis. Note mononuclear cells and

fibrosis in the interstitium x450

135
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Discussion

The most common gross pathclogic finding was prolapse of the
prepuce which resulted in stricture and phimosis. This has been
reported by Wheat (1951) who stated that such strictures would
require surgical amputation to effect protrusion of the penis.
It was observed in this study th2t preputial prolapse of chronic
duration was a common cause of posthitis. This observation was
in accordance with the findings of Donaldson and Aubrey (19;0).
They observed that the condition was common in Bos indicus and
less so in the Bos taurus breed. Roberts (1971) postulated that
chronic preputial prolapse is probably an inherited trait associated
with pendulous sheath and large preputial orifice. The Bos indicus
in Northern MNigeria have prepuce with large pendulous sheath and
relaxed preputial sheath/membrane and penis. Certain factors such
as chronicity of the prolapse and trauma may lead to edema and
fibrosis, thus resulting in phimosis. The significance of the
bacterial organisms isolated from the lesions could not be ascertained
as most of them were also isolated from bulls with apparently
normal prepuce and penis. Bane (1964) reported that traume of the
prepuce and penis usually resultzd in the introduction of bacterial

organisms. From this study, it appears the bacterial flora encountered

may be a normal flora of the premuce,
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. According to Morgan et aj}, (1946), Rempt and

Zwanenburg (1949), Bakos gt 2. (1962) and Bane (1964), cultural
studies of the genital mucous menbranes of bulls indicate that
Pseudomonas aeruginosa, C. pyvogeres, C. genaje and B, ol are
rather frequently preseant. C. pyogenes and C, renale have been
incriminated in abortions (Smith and Jones, 193&). Aithough these
appear 2a normal flora they could become pathogenically dmportant
in case of traumatic prolapse.

Adhesiona seen in the reglon of the sigmoid flexure were
. 1ixely to interfere with free movement of the penis and prepuce at
erection. Some of these adhesions might be due to trauma and inflam-
mation. The penile fracture obscrved had respited in hematoma,
adhesions and phimosis. Parquharson (1952) and Raberts (1971)
reported that adhesions in the region of the sigmoid flexure often
prevented obliteration of the S—curve and protrusion of the penis
during erection, Gibbons (195;) reported that common causes of
preputial and penile adhesions in bulls are horn injuries. This
study reported here 1s 4in accordance with the previous findings.

The cause of the pendile fractures could not be ascertained,
Wneat (1651) and Gibbons (1956) stated that the cause of penile
fracturez and hematomas are most frequently due to accidents during
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coitus, when a sudden bending anc trauma of the penis is produced.
It i{s assumed that the same could be true of the Fulani bulls, where
young, active, inexperdenced bulls are left with the hedfers/cows
at all times,

Spiral penile deviation of unknown etiology was seen in 4 bulls,
Ashdown and Combs (1957) reported the same, but not the frequency,
in the Bos taurus breed, They attribute the cause to anatomical
defeets of the muscle, erectile tissues or fasciae of the penis or
defective retractor penis musclcs

Tumors of the penis are considered to be common, especially
in young bulls (Wheat, 1951; Smith & Jones, 1956). McEntee (1969)
reported that transmissible fibropapilloma is significant in young
bulls, especially when housed together. The findings in this study
contrasted with that finding., Mo tumor of any kind was seen in any
of the 4730 bulls examined, This might be due to many factors such
as : management practices, breed of bulls involved, environmental

factors, cge and other factors yet unknown, Fulani cattle are never
restricted (housed) anmd hence the chances of ,young bulls mounting each
other and injuring the prepuce are minimized,

Persistence of the penile frenulum as a cause of phimosis was
observed in 2 bulls (19 and 25 months o1ld), Ashdown (1962)

reported persistence of the penile frenulum in young Bos taurus bulls,
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Other clinical conditions of the prepuce and penis, such as urethral
calculi and tuberculosis of the penis, reported by other investigators
(Wheat, 1951; Smith & Jones lQég; Roberts, 1971), were not scen in
the present study.
The incidence of vesiculitis observed was higher (10,8%)
than reported elsewhere in the literature (0.85% by Blom and
Christensen, 1947; 4.,7% by ieEntee, 1962; 2.5% by Carroll et z1.,
1963; 2.46% by Ball gg‘glflqg4). Seminal vesiculitis has been
reported to be more common in voung bulls because of their homo-
sexuality when confined than in middle-aged bulls (Ball et al., 1968;
Roberts, 1971), The bnlls included in this study were between
3 months and 10.5 years old and most of the conditions observed were
in the middle-aged bulls (3 - 7 vears). In Migeria clinical
examination of the reproductive organs is seldom performed prior to
sexual maturity and thereafter. Confinement of cattle is not a
normal husbandry practice of the nomadic Pulani herdsmen. The
higher incidence of the condition observed in this study cannot
therefore be adequately explained. Many factors and their inter-
actions may explain, in part, the 10.8% incidence of the disecase
encountered. These include: age of bulls, breed differences,
etiological agents involved, season, husbandry practice, nutrition

and management. Smith and Jones (1966) noted metaplasia of the
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epithelial 1ining of the seminal vesicles in bulls due to ¢
avitaminosis-~A. In general, the type of h{atopathologic lesions
observed in this study was in agrecement witﬁ the lesions described
by Galioway (1964); Carroll et al. (196:8 }; Roberts (1971) amd Bouters
(1964), | ‘ |
The bacterial organlsms isclated in some of the seminovesi-
culitis were in confdrmity with the findings of Boutcrs, (19;4);
Galloway, (1954); Roﬁerts (1971). At best these organisms could
only be incriminated as ‘a,_ possibe cause' of the purulent seminovesi-
3
eulitis observéd. There was no posftive evidence that they were
the primary cause of the lesion. However, the presence of L. pyogenes
could be significant, as although found in the normal genitalin of
both cows and bulls, could become¢ important as secondary infections./
following such factors a8 injurles or changes in the physiology |
(Hancock and Kelly, 1$43). j
The prostate glands and ampullae appeared to be resistant to
many of these microblal and other noxlous agents 2s no gross or
histopathologic lesions were obscrved in them. Smith and Jones
(1956) reported that the prostate gland in bulils is a little more

than rudimentary In size and its diseases rare. They observed that

the sépinal vesicles and the bulbo-urethral glands tend to harbqﬁf

- ”
“
|
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infections because of thedr complicated structure and poor drainage._ _
In an earlder study, 2 bulls with seminovesiculitis also had

epididymitia, It 4is possible that a focal infection could spread

to other parts of the genitalda, either by the ascending or descending

route. This observation has been made by Carroll et al,, (1968).
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SECTION V I '

The pathology of bovine mele genitalim experimentally
infected with Coryriebacterium pyopenes

Summary _: | |

Twelve zo-tp-iz month-old Funaji bull calves belonging to the nomadic
Falani were used lﬁﬁ:;udr. ~ -, Thay were divided Ints ftwo groups,
namely, &xpegidental and control, comprising of 8 Had 4 bull calves
respectively, The experimental animals were furthco, divided into
atressed and non-stressed groups. A1l the experimenta2l animals were
injected intravenously via the jugular vein with viable Corynebac-
terium pyogenes suspension, ranging from 4 x 10 lzto 4 x 1021
organisms per dose. The control animals were similariy injected
with formalin-killed organisms. The C. pyogencs strain was
i1solated and 1dentif1¢d from bovilne suppurative mastitis.:

Rectal températures of the experimental animals began to
rize from 4 to S days post infection (P.I.) and reached a peak oﬁ “
day 12 P,I, Thereafter, moderate pyrexia was maintained in most of
the stressed-~infected bull calves. Physical condition of animals
ranged from fair to good in the non-stressed, infected and the
control groups, to cachexia in the stressed infected group.
J Ciinlcally, varying degrees of orchitis, epididymitis and
seminovesiculitis were detected In the infected groups. Hematolo-

gical findings revealed leukocytosis (predominantly neutrophils) at
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the height of infection. This dropped to near-normal level around

; weeks I'.I. but slight ncutrophilda persisted in the stressed,
infected group throughout the course of Infection. The hematologlcal
values for the contrel group remained relatively stable and within
normal range throughout the experimental period,

At post-mortem, varying dogrees of inflamation-enlargement,
adhesions, and hemorchages ~ were observed in the testes, epldidymes
and seminal vesicles in the oxperimental groups., There was no
significant lesion in other glands and/or organs. No gross lesions
were found in the control animals., Bacteriologically, pure culture
of C._pyogenes was isolated from different parts of the genitalia
of the infected animals. VPew colonies of Escherichia cold, E
Staphyocoeci and C, pyogencs were isolated from the genitalia of
the control animals. Hstopathological lesions nbserved in the
different parts of the genitalia in the infected animals included
varying grades of inflammation and degeneration. 'The testes and
epldidymes were moat affected and the prostate and ampullae the least
affected, There were no signifilcant lesions in the genitalla of the
control animals. There were greater sperm morphologlc abnormalities
in the infected bulls than in the non-infected control bulls. The
highest percentage of spermatogenesis (96%0 was recorded in the

control bulls and the lowest (66%) in the stressed-induced,

irfected bulls. . o [
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The study indicated that . pyogenes infections could play
a role in genltal pathology and any factor that may significantly

reduce the resistance of the host could be a major factor in the

deverity of C. pyogenes infections.

Introduction

El

The genus Corynebacterium is found in animals and man.

A number of species are pathogenic for animals but thesc specics
rarely infect man (Ballard et ai., 1947; lopez et al., 19ég)
Corynebacteria are Gram-positive, small plcomorphic rods. In
Gramwgtalned smears from tissucs they may be confused with strep-

|

tococcl, staphylococed and Idisteria. : I
Corynebacterium pyogenes is a common pyogenic bacferium in
cattle, sheep, goats, swine and occassionally horses and birds -
{Merchant, 1935; Coule, 1962; Smi.th, 1966; fddo and Dennils, 1977).."
It is believed that 1t occurs In a great variety of suppurative
.con§itiong_as primary infections, secondary to trauma or in
asagéiation with other pyogenic organisms (Merchant 1935; Addo, 1976;
Addo and Dennis, 1977), It causes bronchopneumonia, mastitis and
umbilical infections (Broqks and Hucker, 1944, Morse, 1949
Dannis and Bamford, 1§;g). In cattle, C. pyogenes causes suppurative

endometritis, mastitis, and seninal vesiculitis (Dawson, 1951;

Smith, 1966).

1
i
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C. pyogenes has been isolated in abortions and is thought to
be the primary cause (Maxweil, 1943; Sorum 1953; Wilson 1959),
Bxperimental production of C, pyogenes abortion in sheep and cattle
has been achieved (Hinton, 1972; Addo ard Dennis, 1979}, It has
been incriminated as a cause of seminal vesiculitis in the bull,
though experimental production of the diseas¢ by i.nom;ation has
not been achieved (McEntee, 19;2,- Blom and Christensen, 19.65; Carroll
et al., 191-5-8 ), Other investigators have reported the isolation of
Brucella abortus; C. pyogenes ani other bacterlal organisms in cases
of bovine orchitis and epididymitis (Xonig, 19;4: Roberts, 19711,
Hancock and Kelly (1948) observed that C. pyogenes might be excreted
in the semen of clindcally healthy bulls for a long perlod of time.
The significance of this in the transmission of genital C. gxog.enes
is obvious, : - R

The objective of this study was to investigate the significance
of C. pyogenes as the primary etiologic agent in genital pathology |

of the indigenous bulls (Bos indicus) in Northern Nigeria,

Materials and Methods |
Animals : | |
Twelve 20-to-22-month=old White Pulani (Bunaji) bull calves

used in this study were boused and grazed in 2 seperate fenced
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paddocks. FPre~conditioning for 10 weeks included monthly weighing,
fefal sample examination for parasites, recording dally rectal
temperature, examination for blcod parasites, colliection and
culturing of semen, weekly paipation of pelvic genitalie, and

weekly hematologicel examination. ‘

E'Y

Ingculum: |

c. Eiogenes strain was isolated and fdentified from a case
of bovine suppurative mastitis =t the Kano Farm Centre, by the
method employed by Addo and Denrds (1977). Characterization of
the 1solate was according to standard diagnostic kxeys (Carter, 1973;
Cowan and Steel, 1970; Addo and Dennis, 1977), It was & beta~
hemolytic Gram positive pleomorphic; catalase negative; non-motile;
liquefied gelatin in 48 hr,; reduced 1itmus milk; coagulnted casedn
in 24 hr. The stradn was suybcultured aerobically at 37°%c for 3; hr.
The organisms were grown dn 2 250 ml flask containing 200 ml brain
heart infusion broth (Difco Laboratories, Detroit, Michigan, UiS.A.)
for 24 hr. st 37°C and harvested by centrifuging at 3000 rpm/5 minutes;
The supernatant was discarded and the sediment (cells) suspended
in phosphate buffered physioclogical saline (PBS), The cells were
washed 3 times in sterile PES and resuspended in steriic PBS,

Serial dilutions of the suspension were made and 0.1 m1l z1liquot of

each dilution was aerobically cultured on blood and McConkey agar
' A '
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plates at 37°¢ for 48 hr, after which bacteria colonies were counted.
The number of viable bacteria per millilitre in a suspension was
determined, using the different dilution factors.

Formalin-killed antigens were prepared by growing 1iving
C. pyogenes in brain heart infusion broth for 48 hr.; harvested in
0.2% formal PBS, and then checkirg for sterility by streaking on
5% defibrinated blood and McConkey (Oxoid, Ltd., London, BEngland)
agar plates and incubating at 37°C for 48 hr, Concentrations per

ml were adjusted as described above.

Bxperimental design: The 12 bull calves were divided into 2
comparable groups based on age and body weight. Each group was
housed in a separate pen for the duration of the experiment. The
2 groups were as follows:

a) Group A - Stressed bulls: 'This group comprised 5 experimental

and 2 control bulls. In addition to grazing the available
pasture, animals were given mineral licks daily and water ad 1ib.
To create stress and thereby reduce the resistance of the
animals to infection, the bulls were given a daily intravenous
(I.V.) injection of 30 mg dexamethazone via the jugular vein

for 12 days prior to inoculation with C. pyogenes suspension.
They were given a further I,V, injections of 30 mg dexamethazone
dsily post-infection for 2 weeks. Table 1 shows the scheme

of inoculation and dosages.
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Group B - Non-stressed bulls: There were 4 experimental and

one control bull calves in the group. #An attempt was made -
to avold any form of gtress in the animals, They were fed
10 xg of cotton seed and mineral 1licks daily, in addition to
grazing. No dexamethazone injections were given. Thbic 1
shows the scheme of inoculation and dosages of C. pyogenes
suspensions given to the bulls. : |
The inoculum for each animal was suspended in 5 mls

sterile PBS and injected 1.V, via the jugular veln, Al11 the

e

control bulls were given formalin-killed C., pyopgenes .
suspensions 1.v. o _ _ !f-_ _?_I”}
In & preliminary étudy uéing serial ditutions of
C. pyogenes suspensions, it required 5 mis of 4 x 1017
microorgenisms (C, pyogeres) given intravenously to produce
pyrexiz, anorexic and lethargy in poorly fed, emaciated buliﬁ..
The same dosage had no significant effect on well-fed,
healthy-looking bulls (Kumi-Diaka, 1977 unpublished datal,

In the present study under-nutrition in addition to dexame=-

thazone, has been used as one of the stress factors,
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Table 1: Bovine inoculation schedule with C, pyogenes, and
stressed with or without dexamethazone,

Bull tag No, of organisms Dexamethazone (30 mg)
Stressed
) 1
1643 4 x 10 2 +
1646 1 x 1012 +
1650 4 x 1019 +
1594 4 x 1019 +
_ 21
1676 4 x 10 +
h
277* 4 x 10 ¢ +
1
255* 4 % T +
Non-Stressed
237 } x 10°¢ =
E 10
246 4 x 10 -
247 4 x 1021 b
248** 45 0™ W
19
233* 4 x 10 -

* = Control bull calves given inactivated C. pyogenes antigen
Bull calve - died o days post-inoculation
Dexamethazone injection

+*
n

- = No dexamethazone given
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Ciinical observations: Rectal temperatures were recorded daily

in the morning before grazing, and body weight recorded fortnighfly
post-inoculation., Close observations were made for obvious changes
in behavior, Scrotal contents were palpated and pelvic genitalia

were rectally palpated weekly for gross pathologlic lesions.

Hematological study: Blood samples were taken weekly for deter-

mination of packed cell votume (PCV), total red blood cells (REC),
total white cell count (WBC) and differential cell count, and

hemoglobin concentration (Hb)., The clinicopathojogical procedures
- were carried out according to standard techniques (Benjamin, 1961;

Medway et al., 1969),

Semen_analvsis: Weekly semen samples were collected, where
possible by electroejaculation or rectal massage and analysis done
according to standard semen evaluation procedures for breeding |
soundness (Zemjanis, 1970), Semen was bacteriologically examined,

using blood and McConkey agar plates,

Gross pathologic examination: Bull calves were slaughtered, first

one at 6 weeks post-inoculation (P1) and the rest at approximately
weekly intervals thereafter, Gross examination of the entire animal
with particular attentlon to the genditalia was carried out for .

presence of lesions,
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Bactergological study: Sterile swabs were taken from the epididviis,

testls, vas deferens, ampulla, seminal vesicle and proatate, In !
some cases swabs were also taken from inguinal lymph nodes, urinary
bladder, kidney, llver and lungs. A1l the speclmens were streaked

on McConkey, biood and phenylethanol agar plateas containing 7%
defibrinated sheep or cattle blood. The plates were 1nqubated
#eroblcallv at 37°C for 48 hr and C. pyogenes and other microorganisms
were isolated and identified by standard keys (Carter, 1973; Cowan

and Steel, 1970), | B
. : ]

Histopathological study: Spctions, about 1 cm long and 1 mm thick,
were taken from different parts of the entire genitalia end fixed
in Bouiln's solution for 36.hrs. The tigsues were trimmed and m
processed in a tissuematon™, embedded in paraffin, cut at 5 = 6
microns and stained with hematoxylin and eosin (H & B), periodic
acid schiff (PAS), Van~Gleson (VG) and Masson's trichrome (MT), .“
Sections were first screened under low power magnificotion (X100)
and then detailed studies done under higher magnification (X450 ,

and oil Iimmersion (X1000) for histopathologic lesions and bacterio=

logical examination.

* Fisher Sclentific Co. Chicago, UK, U.S.A, . .
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Resul ks

Ciinical findings:

Rectal temperatures of infectad animails ﬁegan to rise from

102.8% on days 4 and 8 post-infectlon (P,I1,), reaching & peak
of 105ué°0 on days 12 w» 14 P,I, (Appendix, Table 1), Thereafter
the;é was a decline in temperature and a moderate pyrexia was
maintained in most of the infected bull calves, Bulls in the
_ control group exhibited no significant temperature changes to the
. kidlled zantigena. |
The physical conditions of all the stressed-infected animals

remained fair at the early stages of Infection. In the late stapes
of the dimsease there Qas gradual emaciatlon, fairly pood appetite,
haggard faclal expressions, poor gait and anemia. There was weak
heart sound and weak pulse on auscultation and percussion; and
Iachffmation was observed in most of the animals. All the bulls
in thie group became cachectic at the terminal end of the experiw
mental period, . ' R

) The physical conditions of th¢ non-stressed infected group
remained fair to good'throughout the course of infection without .
significant loss of appetite and bocdy conditions. On auscultation
and percussion respiratory and circulatory organs were normal., There
was neither coughing nor oculonasal discharge. Animals in the control
group were in good bédily conditions throughout the experimental

/.

period (Appendix, Table 2), _ S |
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Appendix, Tables 1 = 7 summarise the clinical, pathologlcal,
bacterdological and hematological findings in both the stressed and
non-stressed infected bulls, These included varying degrees of
orchitis)epididymitis and seminovesicuiitis. No gross abnormality
wias cilinically obsezved in the genitalls of the c¢ontrol, noneinfected

bulis.,

Hematojogfcal findings:

The weekly values ﬁf the hemograﬁ of the 2 groups are
summarised in Appendix, Tables 3 and 4. The total white blood cell
count began to rise on the 2nd week post infection (F.I1.) in all
the infected animals, and reached 2 peak in most of them on the
6th weex (P.I,), Differential count of the white cells indicated
neutrophilia, accounting for the leukocytosis. From the éth week
P,I, total white cell count dropped to within normal level, but
slight neutrophilia persisted in the stressed Infected group. In
some¢ cases the neutrophils showed marked toxic granulation.

. A gignificant decrease in the packed cell volume (P,C,V,) )
was first observed in the 2 infected groups (streased and non-
stressed) at the ;th week P,I, This low level P,C,V, persiated in
the stressed infected groups until the termination of the experiment,
The mean hemoglobin (Hb) concentration dropped following infection
and reached its lowest level in the stressed infected group. The
hematological values for the control group remained within normal

range throughout the experimental period,
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em f. + Appendix, Table 5 summarises the gross
findings in the genitalia of the bull calves after slaughter.
Varying degrees of inflammation - enlargement and adhesions - were
observed in the testes, epldidymes and seminal vesicles in the
infected groups (Pig 1). The prostate glands and ampullae showed
no gross lesions. The kidneys and liver of 3  bulls from the
stressed-infected group had small multiple white foci, the size
of pin-head., There was no indication of pneumonia, and other organs
were grossly normal. There was no significant lesion in any organ

in the control animals.

Bucter‘g;og; cal results?

Table 6 in Appendix summarises the isolation of bacteria
from different organs and semen from the control and infected animals.
C. pyogenes were the most predominant bacteria isolated in all cases,

alongside with few colonies of Escherichia coli, and Sgaphvlolocci. Very

few colonies of .thesé organisms were isolated in some of the control animal

Histopathological findings: The changes observed in the genitalia

and accessory genital glands are summarised in Appendix Table 7,
and Figs. 2 - 5. In general, the lesions in the testes and
epldidymes were characterised by mild to severe tubular epithelial
degeneration and proliferation of fibroblasts and inflammatory cells

(neutrophils, lymphocytes and/or plasma cells) in the interstitium.
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A11 the lesions observed in the different organs in the affected
animals were similar but varied in extent and degrec of severity.
In general the stressed-infected group was more affected than the
non-stressed infected group. Among the infected groups, the testes
and epididymes were most and the prostate and ampullae the least
affected, There was no significant lesion in the pelvic urethrae
and the penis. There was no significant lesion in the genitalia

of the control animals. This latter group scored the highest

percentage of spermatogenesis.

Semen examination findings: The effect of C. pyogenes infection

of bulls on their spermiogram is summarised in Tables 2 and 3 (Text).
There were greater abnormalities in sperm morphology (3 - 12

weeks P.I,) in infected bulls (stressed and non-gtressed) than in
non-infected bulls. The difference in other parameters in the 2
groups was not significant. The classification of sperm abnormality
was based on that of Zemjanis, (1970), Morphological sperm cell
defects observed included, degenerated acrosomes, enlarged head,
detached head, abaxial mid-plece, colled and bent tails, distal

and preximal cytoplasmic droplets.
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Table 2¢: Spermiogram of some bulls infected with Co nes
3 - 4 weeks post infection (PI) B

Bull Tag Nos. . |
Stressed-infected Non-stresged infected Control
[Parameters bulls bulls

1646 16%5 247 237 277 233

Semen volume {mls) 4,8 5.1 a7 7.5 6.0 5.4
Semen color cream cream milky cream cream cream
Yotility* + 4 ++ e -4 Y YV

o - - -
Concentration x 10 0.56 0.67 0.49 0,561 Q.54 0.59
Abnormality % |

Peimary 19,0  21.0 16.0 25,0 9.0 15.0

Secondar? 9.0 1].0 11,0 13.0 6.0 7.0

Total % 28,0 33,0 27.0 38,0 15,0 22.0

*+ 3 poor;

++ = fair; -t = gogd;

ety = very good
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Table 3: Spermiogram of some bulls infected with C, enes
5 = 7 Yecks PI

5”] Taﬁ M _
Stressed-infected |Non-stressed infecteér Control

bulls bulls Sulie
1646 1676 247 237 217'. 233
Semen vol. (mi1s) 5.1 5,0 4.8 ;.3 5.4 5.0
Semen colog cream cream cream cream ‘milky cream
Motility + ++ ++ 4 ++ +444
Concentration x 1(}9 0.54 O.f.-.l 0.53 0.6-0 0.87 0.6;8
Abnormality %
Primary 23.0 27.0 21,0 28.0 8.0 17,0
Secondary 11,0 10.0 15.0 17,0 4.0 11,0

Total1 % 34.0 37.0 36.0 45,0 12,0 38.0




Fig 1:

Fig 2
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[ T R NI :,J
Scrotal contents showing 2cutc crchitie ~nd epididymitis
following experimental C. pyogenes infection. Note
adhesions and thickening of tunica albuginea in the
stressed infected animals.

Vas defegcns

Note inflammatory process = infiltration of mononuclear
cells in the interstitium as a result of experimental
C. pyogenes infection x 450.
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Fig 31 Bpididymis:
Note degeneration and sloughing of tubular epithelial
cells due to experiment2l C. pyogenes infection. x 450

Fig 4: Testis showing acute orchitis, MNote loss of architecture
and massive infiltration of mononuclear cells following
experimental C. pyogenes infection. x 450
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Table 1: Daily temperaturc recordings (°F) of bulls inoculated
with Corynebacterium pyogcenes
Bu1i tag ros. IJ...n..r:
DAYS Stress-infected bults Non-stressed infected Control bulls
= s - %= bulls
PI* 1594 1643 1646 1650 1676 237 246 247 233 255 277
——

O i0i.8 102,0 102.3 102.1 102.0 102.3 102.8 102.4 101.8 102,0 101.0
102,0 101,8 101.,7 101.8 102.1 100.8 102.1 102.0 100.6 102.0 102.8
2. 102,2 10:,8 102,0 102.0 102.1 101,2 103.8 100.1 102,0 101.8 10038
3. 101.8 102.0 102.4 102.1 103.8 101.2 102.1 102.1 102,1 101,6 10230
4. 102.82 103.1 103.4 102.8 103.0 102.8 103.3 103.0 102.3 102,0 101.8
Se 103.1 103.1 103,83 103.3 103.1 103.4 103.8 103.2 102,1 102.0 102.2
6. 102.9 103,99 104,0 103.8 103.4 103.7 103.8 103.4 101,6 103,.1 102.1
Ta 102.3 104.3 104,0 103.8 103.9 103.8 104.2 103.8 101 .4 ipz2.1 101.8
8. 104,9 104,2 104.8 104.3 104.1 104.1 104.8 103.3 102,3 102.4 102.4
5, 1.9 104.1 105.1 104.7 104.3 104,83 104.9  104.1  102,2 102,3  102.1
10. 104.,4 105,1 105.1 104.3 104.2 104.8 104.9 104.8 101,7 102.2 101.4
11, 104.8 104,6 104,8 105.1 104.1 104.6 104.5 104,1  102.2  100.8 101.8
12, 105.6 105.3 104.,8 105.0 104.8 104.3 104.1 103.5 101,58 102.1 102.2
13, 105.0 04,7 104.1 104.7 104.0 104.0 104.0 103.1 102,2 100.6 102.2
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By11l tag nos.

wuﬁnop bulls

103.4

103.3

DAYS Stress-infected bulls Non-stress infected
. mew o e bults
PI* 1504 1643 1646 1650 1676 _ 237 246 247 233 255 277
14, 104.6 104,.1 104.5 105.1 104.5 103.1 103.4 103.0 101,6 101.4 101.2
15,  104.6 104.8 103.6 104,7 104.3 103.6 103.0 103.1  102.1  101.6  100.2
16. 104.1 103.9 103.1 104.8 104.1 103.0 103.6 103.1  102.2 102.8  102.4
17.  104,5 103.5 103.0 104,0 104,0 103.,8 103.1  103,0 102,1  101,8  102.8
18. 103.9 103.0 103.8 104.6 103.3 103.8 103.0 103.0 102,1  101.6  102.0
19, 1039 103.0 103.6 103.1 103,3 103.1  103,0 103.8 102.4 102,7 102.0
" 20, 103.0 103.8 103.6 103.0 103.1 103.2 103,2 103.7 102.,6 102.0 103.1
21, 103.1 103.2 103.4 103.0 103.7 103.0 103.1  103.0 102.0 102.1 102,
22.  103.4 103.1 103,01 102.7 103.5 103.1  103,0 103.1  102.8 101.7  102.8
23, 103.9 103,0 103.2 103.4 103.0 103.8 102.8 103.3 101.9 102,1  102.1
24, 103.1 103.0 103.8 103.0 103.0 103.8 103,2 103.0 101.7 102.,0  101.9
25. 103.0 103.1 102.9 103.8 103.1 103.1 1035 103,8 102.2 102.3  101.6
26. - 103.1 103.6 103,0 103.9 103.6 103.5 103.0 103.1  102.0 102.0  102.0
27. 103.7 103.4 103.9 103.1 103.3 103.2 103.0 103.6 102,3 101.8  102.4
28, . 103.1 103.1 102.,8 -103.5 103.1 103.0 102,7 .103.3 101,9 101,83  102.1
29, 103.0 102,4 103,5 103.2 103.2 103.1  101.8  100.9 102.1
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Bl fag rios,
DAYS Stress-infected buils ___  lNon-stress infected X s
= o o bulls
PI* 1504 1643 1646 1650 1676 237 246 247 233 255 277
30. 103.4 102,99 102.,8 103.5 103.2 103.0 103.1 103.1 101.8 100.9 102.1
3., 103.3 102.,4 102.8 103.2 103.0 103,0 103.0 103.0 102,0 101.,7 102.0
32. 103.2 103.3 103.,1 103.4 103.0 103,1 103.4 102.9 102,1 102,.1 102.0
1. 103,3 103,1 102,9 103.3 103.3 103,.1 103.1 102.8 101,1 102,1 102.1
4. 103.4 103,0 102.9 103.1 103.4 102.9 103,.2 102.8 100.8 102.0 102.0
3s. 103,2 103,0 102.6 103.4 103.1 102,9 103.1 103.0 1021 101,90 i0z2.2
3. 103.2 103.4 102,7 103.6 103.0 102.,7 103.4 102.1 102.3 102.0 101.9
37. 103.3 103,1 103,0 102.8 103.1 103.0 103.1 102.9 101.3 102.0 101.5
38. 103.,1 103,0 102.8 103.0 103.0 103.4 103.1 103.0 102.4 102.1 100.5
39. 103.,5 103.0 103.5 103.0 103.1 102.6 102.4 102.0 102.3 102.3 101.0
40, 102.8 103.0 103.,0 103.4 102.8 102.8 102.6 102.0 101.7 101.9 102.6
41, 103,0 103.,4 103.1 103.4 102,7 103,0 102.1 102.4 101.6 102.0 102.4
42, 103.,1 103.3 103.1 103.1 103.0 103,1 102.9 102.8 102,1 102.0 102.1
43. - 102,8 103.0 103.4 103.0 103.4 102.8 102.8 102,1 102.1 102,2
44, - 102.8 103.2 103.1 103.0 102.8 103.1 102.7 102.0 101,9 102,0
45 - 102,4 103.2 103.2 103.1 102.9 102.8 103.0 102.2 101.7 102.0
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Buil Iag nes.
DAYS Stress-infected bulls Non-stress infected Control bulls
bulls
PI* 1504 1643 1646 1650 _ 1676 237 246 247 233 255 277
46. - 1031 103.4 102.4 103,0 102,0 102,0 102.6 102,0 100,9 100.8
a7, - 103.1 103.,0 103,1 103.0 102,0 102.1  102,8 102,10  101,8  101.8
a8, - 103,2 103,1 103.0 103.3 103,0 102.1  102.7 102.4 102,0 101.,1
49, - 103.4 102,9 103,0 103,0 102.4 102,.2 103.0 102.0 102,.1 101.9
50. - 103,4 103.0 = 102,6 102,7 102,2 101,8 102,0 102,0  100,9
51, - 103,0 103.4 102,5 102,8 10,8 102.0 102,0 102.3  102.1
52, - 102,5 103.0 - 102,7 102,1 102.2 102.9 102.1 102.,5 102.0
53. - 102,9 103.0 - 102,1 102,6 102,01  102.0 102.5 102,0 102.0
54. - 103,00 102.6 = 102,2 102.7 102.2 102.0 101,9 101,.8 102,0
55. - 103,0 103.0 - 103.0 102,6 102,0 102.1  102,0 102,0 102.1
56. - 103,0 103.0 - 103,1 102,6 102,0 101.7 102,1 102.,0 102.2
57. - 103,1 103.3 - 103.0 - 102,0  102.2  102.2 1014  102.2
58, - 102,9 103,1 - 102,9 - 102,0 101,0 102,0 101,7  102.4
59. - 100.4 102.8 - 103,0 = 102,.1 102.1 102.3 102,0 100.5
60. - 102,1 102,8 - 103.0 - 103,1 102,2 101,5 102.0 102,2
61, " 100,3 102.8 - 103.1 - 102,9 103.1  102,0 101,7 1102.0
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Fig 5: Testis showing severe testicular degeneration of both
tubular and interstitial cells due to experimental
C. pyogenes infection, x 450,



"_-x'sb |

Digscussion

ﬁ Rectal temperatures rose by day 5 P,I. reaching a peak by

dayllz. Virfually all microorganisms have the propensity to
induce pyrexia (Youmans et al., 1975), Intravenous injection
of microorganisms atimulates phogocytosis and the resulting
phaéocytic target host ceils (leukocytes) produce endogenous pyrogen
into the blood stream. Youmans et al. (1975) reported that this
endotoxin pyrogen acts on the central nervous system (CNS), alters
 the cheﬁotegulatory activity of the hypothalamus«diencephalon and causes

“-~. a rise In body temperature, Most infectious diseases follow
3 febr#lg course. Clindical experience has shown that recording the
témperature 18 the easlest and mosf ob jective means of fecognising
an infectious proceas and evaluiting its severity and duration as
‘shown in the present study. -

The hemogram indicates vaﬁying degrees of leﬁkocytosis in all

infected groups of animals, as exhibited by neutrophiliia wmainly.
;n general the clinicopathological results werelin close agreement
with the resuits of other Invesitipators (Holﬁan, 1945, Reds and
Hathout, 1951; Smith et al., 1972), Leukocytosis is in response to
invasions by pyogenic bacteria (Hom, 19;5; Wintrobe, 19;5).
Practical use is made of this fact by determining the total and
differential white cell counts of the blood in the diagnosis of

suspected infectlons as done dn the present study. It was observed
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that some polymorphs had marked azurophilic granules in their .-ﬁ
cytoplasm., This observation was in conformity with the report of
Ham (19;5). It i8 reported that such “toxic granulations™ appear

in the blood during systemic infections (Ham, 1955). The activities
of the observed leukocytes werc basicaily phagocytic and this
represented a non-specific method of coping with the bacterial h
invasion (Ham, 1965; Wintrobe, 1955; Smith et al., 1972). '

The infeetion was more scvere and of more prolonged duration
in the stressed bulls than in those not stressed. This was mainly
due to the fact that the stress-induced agent (Uexamethazone)
employed was anti-inflammatory and reduced resistance to infectious
sgents (Youmans et al., 1975). This accentuated and prolonged the
effect of the C. pyogenes infection in the affected animals. Ham,
(19&5) and Wntrobe, (19;5) reported that corticosteralds f;duced
chemotaxis, and are antiphagocytilc. They stated that, in large
quantities, these agents actually cause a breakdown of lymphocytic
tissues, leading to lymphopenia, atress and decreased resistance

to infection. This 1s refiected in the present study.

Opinion differs as to the role of C. pyogenea infections in
bull infertility. But the organisms have been incriminated as a
cause of seminovesiculdtia, testicular degeneration, epididymitis
and orchitis (McBntee, 1952; Blem and Christensen, 1965; Carroll

EL -a.l.. F ) 1968 ‘. RObE!'tS, 19?1 ).
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Various degrees of severity of inflammation and degeneration
of the genitalia in the experimentally infected bulls were observed,
The general clinical manifestations observed agreed only in part
with the observations of Cowie (196;2). He observed oculonasal
discharges, cachexia, coughing, anorexia and staggered gait in the
infected animals; and petechiation of tissues, pneumonia and
necrosis of liver, among other things, at post-mortem. This
partial discrepancy might be due partly to the infective dose and
pathogenicity of C. pyogenes, the resistance of the breed of bulls
involved, the degree and duration of infection and some unidentified
environmental and/or endogenous factors. However the histopatho-
logical manifestations of the varying degrees of inflammation and
degeneration were in confermity with the descriptions of Lagerlof
(1939), Blom and Christenser. (1972) and Humphrey and Ladds, (1975).

Testicular tissues are metabolically active, undergoing
continuous spermatogenic and steroidogenic activities. These
properties render them susceptible to injury (Cole and Cupps, 1977).
In the C. pyogenes infected bulls there was elevation of body
temperature ranging from 103.0 to 105.609. It is conceivable that
this persistent pyrexia might contribute to epididymal and testicular
cell damage as reported by Payne (1951.';) in mice and Watson (1964)
in rams. It is also inevitable that the damage to the genitalia

could be due to direct effect of the organisms and/or their toxins.



Genital Lnflammation in the bull has Been feported to be caused

by such potentially pathogendc organisms as C. pyogenes, E. coli

and Mycoplasma, in the absence of Brugella abortus (Blom and Dam, :
1964; Blom and Erno, 196;7,' 1970}, The stress-induced, infected
bulls continually lost welght despite fadrly good appetite. This
obaservation tends to suggest infection-induced malnutrition.
Changes in reproductive organs in malnutrition have been reported
(Dutt, 1950; Robexts 1971),

The highest percentage of spermatogenesis (9;%) was recorded ;
in the control bulis and the lowest (g;%) in the stress-induced,
infected bulls. Sperm abnormalities were highest in the stressed
infected and lowest in the control bulls. This trend continued
with time in the infection. Lagerlof, (1934) and Knudsen (1954) '
reported that any injury to the spermatogenic epithelium nearly
always résults in lowered fertility which could be recognised by
the presence of excessive number of morphologlcally abnormal
sperms In the gemen. In an earlier study testicular degeneration
was found to decrease the rate of sperm production {(Kumi-Diska,
19762, The epididymal lesion observed in the C. pyogenes infected
bulis could atso contribute to the sperm abnormality. Iageriof,
(1934) and Gustafson (1964, 1665) reported that epldidymal . |
dysfunction gave rise to 2 lowering of sperm vitality, certain

sperm tall defects and detachment of sperm heads. L :



167 ~

It is known that &, pyogenes and other bacterial organisms
may be lsolated from the genitalia of apparently normal animals
(Bruner and Gillespie, 1973; Hancock apd Kelly, 1048), ‘The present
atudy aleo tallles with the previous findings. Low grade dnfcctions
had no clindcal significance on healthy well~fed animals. FHowever
the results of the present investigation strongly indicate that
stress (induced or spontaneous) and other factors that significantly
reduce the resistance of the animal can be major factors in .

C. pyopenes infections.
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Table 1t (Cont.)

177

Byll Tag Yos,
DAYS  Stress-infected bulls Nonestress infected Control bulls
_ bulls
PI* 1594 1643 1646 1630 1676 237 246 247 233 255 277
62. - 1011 102.6 = 103,33 - : 102,7 102,2 102,.1 01,7 . 1902.2
63. - . 104.8 103.1 103.2 - . 102,8  102.2  102,2 101,  101,9
64, - - 102,7 = 103.4 = : 102,8 103.0 102.4 102,3 . 102.0
65«70 ~ 7 = O 102,2 - 102.2 o - 102,5 102.8 101,8 100.9  102.4
MR = o = - - 102,8 = 1102.1 102.3 102,0  102.4 -
79-84 ~ - = - - 102.1 - - 102,85 102,0 102,3 - -

* Post inoculation.
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Table 2: Cilinical findings in bulls experimentally infected with C.pyogenes -

Bulls Weeks Physical condition Testes Epididymis Seminal vesicle Ampulla Semen
PI* of bulls Left Right Left Right left Right Left Right
Stressed B
1643 3-6 Fair s s N N N N N N NA
1646 3-4 Fair S N N N N N N N NC
1650 3-4 Poor S S S N S S5 N N NA
1594 3.4 Fair Se N Se N N N N N NA
1676 34 Fair N N N N N N N N NC
Non-Stressed :
247 3-4 Fair N N N N N N N N NC
237 34 Fair N Se Se Se s s N N NC
246 3.4 Fair N N N N N N N N NA
Controls:
277 34 Good N N N N N N N N NC
233 i o) Good N N N N N N N N NC
255 3l Good N N N N N N N N NA

= MNormal color-creamy to milky
= MNot available
= Sensitive.

*PI = Post infection?
N = Normal
S = Swollen

£ £ 8§
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Bulls Weeks Physical condition Testes Bpididymis Seminal vesicle Ampulla Sczon
PI* of bull Left Right Left Right Left Right Left Right
Stressed:
1643 7-3 Poor 5 S N N N N N N NA
1646 5-9 Poor S S Se N N N N N NC
1650 S=6 Poor S S S S N N N N NA
1594 5 Poor S N Se N N N N N NA
1676 S5=ll Fair .N N K N S S N N NC
zouum.mnmuu»nu
247 5-0 Fair Se Se N N Se N N N NC
237 5.7 Good Se Se N N s s N N NC
246 5-11 Good N N Soft N RL N N N N
Controls :
277 5-0 Good N N.. N N N N N N NC
233 5=10 Good N N N N N N N N NC
255 5.11 Good N N N N N N N N N
i = Post infection? N Normal Fi = Fibrotic S = Swollen RL = Reducec

lobulai on.
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Tabte 2: (Cont.)

L

Bulls Weeks Physical condition Testes Bpididvmis = Seminal vesicle - Agopulla  Semen
PT* of buil Left Right Left Right Ieft Right Left Right
Stressed®
1643 C e ~ Toor O F F F N N N N N M
1646 . 10 Poor - F P F N N N N N X
1650 . 7 Poor Soft S F F N RL N N M
1504 6 Poor F F s N N N N N M
1476 12 Rair N N F N N 5 N N NC
Non-Stressed?
247 10 _ Good N Soft N N S 5 N N NC
237 8  + Fair/Good N N N N RL RL N N NG
246 12 o Good N N N F RL N N N W
Contzols:
277 | io = Good . N N 8 N N ¥ N N X
© 233 11  Gomd N N N N N N N N N
255 12 . Good N N N N N N N N NA
*PI = TFPost dnfection: N = DNormal RL = Reduced lobulation

P = FHra S = Swollen . NC = Normal colour NA = HNot available,
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Table 3¢ Hemogram of bulls 3rd-4th week pre-inoculation with C.pyogenes.
Bull tag rios.

EREanEters Stress - infected bulls Non-stress infected Control bulls

i 1594 1643 1646 1650 1676 237 246 247 233 255 277
R.3.C. x 10°/u1 - - . - - - - . " . 3
W.B,C. Total 3700 10500 8600 10000 10300 13500 6100 7500 8570 8500 9710
Hemoglobin (Hb) Gm/d1 10,9 12.1 12.1 9.2 10.8 11.0 10.6 12 9.6 11 11.8
Hematocrit (PCV) % 34 32 34 29 32 31 32 36 31 31 35
W.B,C, Differential %
Basophils 0 0 0 0 0 0 0 ¥ 0 0 0
Juveniles 0 0 0 0 0 0 0 0 0 0 0
Bands 0 0 0 0 0 0 0 0 0 0 0
Segments 47 48 a5 53 42 20 25 26 29 38 35
Lymphocytes 27 38 37 38 43 70 70 62 60 49 48
Monocytes 2 11 2 0 2 1 1 0 1 1 2
Fosinophils 24 13 14 9 13 9 4 11 10 12 15
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Table 4: Hemogram of lst week bulls post-imoculation with C.pyogenes.

Bull tag Nos.

Pacancters Stress - infected bulls | Non-stress infected Control bulls

1594 1643 1646 1650 1676 237 246 247 233 255 277
’lmont x HQO\.—.—H - - e e - — - o - - -
W.B.C, Total 14700 13400 12150 14500 13300 9850 13500 11710 9500 8800 10500
Hemoglobin (Bb) Gm/d1 8.7 7.5 12.3 9.7 7.1 10.} 10.6 9.7 11 10.1 10.1
Hematrocrit (PVC) % 27 24 30 28 30 29 30 31 34 31 30
W,B,C, Differential %
Basophils 0 0 0 0 0 0 0 0 0 0 0
Juveniles 0 0 0 0 0 0 0 0 0 0 0
Bands 0 0 0 0 0 0 0 0 0 0 0
Segments 51 59 47 53 48 31 40 33 28 30 27
Lymphocytes 36 33 43 39 44 62 50 61 56 52 61
Monocytes 2 1 1 1 1 1 1 1 1 1 1
Fosinophils 11 7 9 7 7 6 9 5 15 17 11
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Table 4 (Cont.)

2nd Week post inoculation

Bull tag nos,

Parameters Stress - infected bulls Non-stress infected Control bulls

1594 1643 1646 1650 1676 237 246 247 233 255 277
NOEOnn X u.oo\_—uu. - - - - - - - - - - -
W.B.C. Total 15300 15500 14700 14900 19400 13300 18500 12700 8300 10800 10810
Hemoglobin () Gm/d1 7.5 6.6 8.8 8.9 71 10 75 8.1 10.5 10,9 11.3
Hematocrit (PCB) % 24 28 24 31 28 30 28 25 31 32 31
W.B.C. Differentials %
Basophils 0 0 0 0 0 0 0 0 0 0 0
Juveniles 0 0 0 0 0 0 0 0 0 0 0
Bands 0 0 0 0 0 0 0 0 0 0 0
Segments 56 59 54 49 60 54 64 46 28 30 30
Lymphocytes 40 33 42 46 36 45 34 47 56 50 55
Monocytes 2 1 0 1 2 1 1 3 1 2 1
iwosinophils 2 ¥ < S 2 0 1 4 15 18 14
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3rd Week post-inoculation
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Byil t g nos

Parameters r -ul_- e anﬁ: : 1s - — Non-stress infected Cont 1s
1594 1643 1646 1650 1676 237 247 247 233 255 277
R.B,C. x 10° fut - - - - - - - - - - -
W.B.C, Total 16900 16300 15900 13100 19100 17300 14500 17000 8700 10000 9700
Hemoglobin (Hb) Gm/d1 | 7.5 6.7 7.4 8.1 7.1 8.1 7.5 9.0 9.4 10.4 10.2
Hematocrit (PCV) % 24 27 24 27 28 31 30 25 30 30 32
Basophils 0 0 0 0 0 0 0 0 0 0 0
Juveniles 0 0 0 0 0 0 0 0 0 0 0
Bands 0 0 0 0 0 0 0 0 0 0 0
Segments 57 64 53 49 57 56 58 51 35 34 35
Lymphocytes 42 33 44 45 42 43 40 40 52 51 46
Monocy tes 1 0 2 1 1 1 0 1 1 2 2
Eosinophils 0 3 1 5 0 0 2 2 12 13 17
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4th Week post-inoculation
Byl: Tag Nos.

Parameters WNmumlwnn..monmn d.-._un...”“—.rm - — fslm»umwww”whmn»mn Control bulls

- 15904 1543 1646 1650 1576 237 246 247 233 255 277
R.8.C. x 10° A1 - - - - - - - - - - -
Ww.8,C, Total 16400 16100 15000 16300 18500 17500 16800 15000 9000 9800 9515
Hemoglobin (Hp) Gm/d) 7.0 6.5 9.5 8.0 75 8 8.4 9.5 9,7 10.2 10.1
Hematocrit (PCV) % 13 20 23 25 22 27 30 28 30 35 29
W,B,C, Differentiais %
Basophils 0 0 0 0 0 0 0 0 0 0 0
Juvetiiles o ] 0 0 3] Qo 0 0 0 0 0
Bands 0 0 0 0 0 ¢ -0 0 0 0 o
Segments 54 53 50 57 54 50 60 45 30 30 33
Lymphocytes . 45 41 45 41 44 43 38 49 60 50 51
Monocytes 1 1 1 2 2 2 1 0 1 2 1
Bosinophils o D 4 0 0 0 1 6 9 18 15
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Sth Week post~ ation
_By1y tag nos,
Parameters ess-infe Non-stress infected ntro s
bulls

1594 1643 1646 1650 1676 237 246 247 233 255 277
R.5.C. x 10° /it = - - - . = - ® #. = o=
W.B.C, Total 14800 14510 15300 15400 17000 13500 15510 16000 7200 9000 9510
Hemoglobin (Bb) Gm/41 7.0 5.5 10.1 8.0 7.0 9.0 9.1 8.4 10,0 10.0 10,9
Hematocrit (PCV) % 19 20 22 25 23 27 31 29 30 31 34
Basophils 0 0 0 0 0 ) 0 0 0 0 0
Juveniles 0 0 0 0 0 0 0 0 0 0 0
Bands 0 0 0 0 0 0 0 0 0 0 0
Segments 48 57 51 55 43 38 51 40 31 35 36
Lymphocytes 50 42 48 43 49 58 48 58 54 45 a5
Monocytes 20 1 1 1 2 1 1 0 1 0 1
Eosinophils 0 0 0 1 1 3 0 2 14 20 13
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6th Week post-inoculation
Bu1i Tag Mos.
Parameters Stress-infected s Non-stress infected rol
= - § : bulls

1594 1643 1646 1650 1676 237 246 247 233 255 277
R,B.C x _.Oo\cw - - - - - - - - - - -
¥.B,C, Total 15800 11600 13700 11750 17300 11900 13300 11030 10500 9600 9300
Hemoglobin (M) Gm/d1 (6.8 4.8 7.8 8.5 7.8 12.6 10.6 10.4 10.3 9.4 10.0
Hematocrit (PCV) % 19 16 22 19 21 30 22 31 35 30 30
W.B.C, Differentials %
Basophils 0 0 0 0 0 0 0 0 0 0 0
Juveniles 0 0 0 0 0 0 0 0 0 0 0
Bands 0 0 0 0. 0 0 0 0 0 0 0
Segments 41 37 42 36 50 28 33 34 38 37 32
Lymphocytes 58 59 56 60 49 60 63 54 51 44 52
Monocytes 1 1 2 0 0 1 1 2 2 1 1
Eosinophits 0 3 0 4 1 11 3 10 9 18 15
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Table 4 {cont.)
7th Week post-inoculation

Byll 12g 1ws,.
Parameters Stress-infected bulls Non~stress infected Control bulls
bulls

. 1504 1643 1646 1650 1676 237 246 247 233 255 277
R.B.C. 10°/u1 - - - - - - - - - - -
W,8.C. Total - 8600 10200 11000 16800 11600 9400 10500 5900 9500 11000
Hemoglobin (Hb) Gn/dl - 5.8 8.3 8.5 8.1 12,0 10.7 8,1 11,4 11,9 10.1
Hematocrit (PCV) % - 18 20 20 22 28 30 29 29 31 30
W.B.C. Differentials % - x
Basophils - 0 0 0 0 0 0 0 0 0 0
Juveniles = 0 0 +] 0 0 0 0 0 o 0
Bands : - 0 ¢ .01 0 0 0 0 0 0 o %
Segments - 39 33 36 50 21 25 24 38 32 31
Lymphocy tes . 56 66 63 46 67 62 55 51 56 51
Monocytes _ = 1 1 1 1 2 0 2 2 2 2
Eosinophils 3 - 4 0 0 3 10 13 19 9 10 16
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Table 4 (cont.)

8th Week post=-inoculation

- Byll tag Tios
Parameters ress-infected s Non-S8tress infected Control bulls
bulls

1594 1643 1646 1650 1676 237 246 247 233 255 277

R.B.C. 10°/u - ” . - - - - - - - -
W.B,C, Total - 10300 11500 =~ 13500 9900 10210 11500 7800 6500 9800
Hemoglobin (Hb) Gn/d1 - 6.1 10.4 - 8.1 10.1 10.0 9.3 745 11.0 9.9
Hematocrit (PCV) % “ 21 19 - 25 32 29 33 25 33 30
W,B,C, Differentials %

Basophils - 0 0 - 0 0 0 0 0 0 0
Juveniles - 0 0 - 0 0 0 0 0 0 0
Bands -~ 0 0 - 0 0 0 0 0 0 0
Segments - 38 35 - 39 21 27 31 29 31 34
Lymphocytes - 60 61 - 55 68 61 53 55 49 48
Monocytes - 1 1 - 1 2 0 2 1 1 2

Eosinophils - 1 3 - 5 9 12 14 15 19 16
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9th Week post-inoculation
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Byl1 tag Nos
Parameters Stress-infected bulls Non-stress infected Control bulls

o - bulls

1594 1643 1646 1650 1676 237 246 247 233 255 277

R.B.C. x 10°/u1 o @ . = " - " - - - =
W.B.C, Total - 8900 9870 B 11600 - 10800 11000 8150 8700 12500
Hemoglobin (Bb) Gm/d1 - 846 12.0 - 8.0 - 10,0 8.5 7.5 10.4 10.4
Hematocrit (PCV) % - 21 21 - 28 - 31 30 29 31 31
W,B,C, Differentials %|
Basophils - 0 0 - 0 - 0 0 0 0 )
Juveniles - 0 0 - 0 - 0 0 0 0 0
Bands - 0 0 - 0 - 0_ 0 0 0 0
Segments - 30 32 - 35 - 36 28 34 31 25
Lymphocytes - 60 55 - 55 - 60 61 54 53 60
Monocytes - 2 2 - 1 a 1 2 1 2 1
Eosinophils - 8 10 - 9 - 3 9 11 14 14
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Table 4 (eent.)
10th Week post-imoculation

By11 tag rbs.
Parameters Stress-infected bulls Non-stress infected Control bulls
bulls
_ 1594 1643 1646 1650 1676 237 246 247 233 255 277

R.B.C, x Hoo?a - - - - - - - - - - -
W.B,C, Total b - 10400 - 11500 - 9580 10800 7510 8500 8300
Hemoglobin (Hb) Gm/d1 o - 9.3 - 9.8 - 9.4 10,0 10.8 11,0 12,6
Hematocrit (PCV) % - - 24 - 26 - 28 29 32 34 27
¥.B,C, Differentials %

Basophi s - » 0 - 0 - 0 0 0 0 0
Juveniles - - 0 - 0 - < 0 0 0 0
Bands - = 0 » 0 - 0 0 0 0 0
Segments - - 29 - 23 - 20 23 31 26 23
Lymphocytes - - 61 - 65 - 73 66 54 56 58
Monocytes - - 2 - 2 - 2 1 2 1 2
Eosinophils -~ - 8 - 10 - 5 10 13 7 17
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Parameters Stress-infected bulls Non-stress infected Control bulls
B o - T bulls
= 1594 1643 1646 1650 1676 237 246 247 233 255 277
R,B.C. x 10°/u1 - - . . s . s = @® 2@ B
W.3.C. Total = = % W 10500 - 10300 - 8500 7900 -
Hemoglobin (Hb) Gm/d1 - - - - 9.4 - 9.6 - 9.1 8.6 -
Hematocrit (PCV) % - - - - 24 - 30 - 31 29 -
W, B,C ferentials %
Basophils - - - - 0 - 0 - 0 0 -
Juveniles - - - - 0 - O - o 0 =
Bands - - - - 0 - 0 - 0 0 -
Segments - - - - 30 - 27 - 30 32 -
Lymphocytes - ~ - - 62 - 66 - 59 51 -
Monocytes - - - - 1 - 3 - 1 0 -
- - - - 7 - 5 - 10 17 -

Eosinophils
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12th Week post-inoculation
Bull T.g rios
Parameters Stress-infected bulls Non-stress infected Control bulls
o _ ) bulls
_ 1594 1643 1646 1650 1676 237 246 247 233 255 277

R.B.C. x 10°/u - - - - - - - - - ;
W.B.C, Total - - - - 10900 - 10000 -~ - - -
Hemoglobin (M) GmAd1 | - - - - 11.9 - 10.6 - - - &
Hematocrit (PCV) % ” - - - 29 - 30 _ - _ _
W,B,C, Differentials %

Basophiis - - - - 0 - 0 - - a -
Juveniles - - - - 0 - \] - - @ -
Bandas - - - - 0 - 0 - - - -
Segments - - - - 21 - 23 - - - =
Lymphocy tes - - - - 71 - 71 - - - -
Monocytes - - - - 0 - 1 - - - -
Eosinophils - - - - B - 5 - - - -
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Table 5: Gross post-mortem findings in the genitalia of bulls experimentally infected
with C. pyogenes

Bull tagnos.
Findings Stress-infected bulls Non-stress infected ~Sontrol bulls
1643 1646 1650 15904 1676 247 237 246 277 255 233
Physical condition
Good - . - - - * = + - - -
Fair - - - - + - + - - - -
Poor + . + - - - - = - - =
Serous atrophy of fat + * - - + - - - - - -
Icterus - - - - - - - - - - -
Abgcess - - - - - - - - - & -
Testes
Enlarged - - +B +B - - - - - - -
Adhesions +B +B +B +D +B - +B +B - - -
Atrophy - - - - - = = - - - -
Fibrosis +B +3 - +L +B - i - - - -
Hemorrhagic - - - +L - - - - - - -
Abscess - - - - - - = - = = &
Inigjdmis
larged - - +B +L +L - - - - = =
Adhesions +B +B +B +B +B - +R a l - +R
Hemorrhagic - - - +L - - - - - - &

- B = Bothge L = Lefgs R = Right, - =



Table 5 (Cont.)

195

Findings

Bull tag Nos.

1643

1646

1650 1594

1676

Non-stress infected

247 237 246

Eanmp bulls

Epididymis

Abscess

Fibrosis
Seminal vesicles

Bnlarged

lobulations i
reduced

1oss (smooth)

Abscessation
Fibrosis

mEHu.Um
Enlarged
Fibrosis
Abscess

Inguinal lymph node
Bnlarged /Edematous

Apscess

- +L

+B -

+L

- ‘” -

*w el -

B = Hoth;

L = Left;

R = Right,



Table 6: Isolation of C.pyogenes from various organs from

bull calves experimentally infected with the organism.
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Stress—infected bulls Non-stress infected Contro 1s
Organs bulls
1643 1646 1650 1504 1676 247 237 246 277 255 233
Blood - - - - - - - = = = o
Testis - R . + + + - - + - - _ -
o L + + + + + - P — ie i -
Epididymis - R + + + . + - - = & - -
- L + + + - + i - = = = -
Ductus deferens - R - + * + - - - - - & -
- L - - + + - - - - - - -
Prostate - - - - - - - - - - -
S/vesicle - R -~ + + - + + - + - - -
PRy 2 + + + i + b - +* - - -
Ampulla - R - + - - - - - - - - =
) - - - - - - - - - - -
Urinary bladder * + - - + - - - p- - -
Kidney - - - - ¢ - - - - - -
Inguinal lymph node - - + + - N = - & -
Semen NA + NA NA + - - NA - = -
Preputial cavity + + - - - + - - = - +
NA Not availablej Semen could not be collected.
R Right; L = Left
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Table 7: Histopathological findings in organs from
bulls experimentally infected with C.pyogenes organisms.

Stress-infected bulls tre ected EHB bulls
Findings . L o bulls
1504 1643 1646 1650 1676 237 246 247 233 355 277

TESTIS f
gﬂﬂ?.ﬂﬁ + - - - - - - - - - -
i—-on%nnu - e e+ - + + + - = i -
Monocytes - - + + - ~ i + - ” o
Plasma cells ++ e ++ + ++ + + + - - -
Intertubular Fibrosis * - - * + + - - - - -
Leydig cells hyperplasia | - - - - - - - - - - -
Seminiferous tubulei=

-pyknosis § + + ++ + * e + = = =

~Karyolysis +¢ + * - o + - + - - -

~Desquamation + + - e ++ - + - - + -

-Detachment of 1 ++ * + - ++ + _ - . - -

basement membrane
EPIDIDYMIS
Neutrophils + - - + - - - - - = =
Hemorrhage - - - - - - - - - - »

gag. e d +* +4 +4 ++ + + - po - i
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Table 7 (cont.)

Stress-infected bulls ~ MNop-stress infected = Control bulls
Rirdings - _ . - — _ bulls -
_ 1504 1643 1646 1650 1676 237 246 247 233 255 277
Mponocytes . -+ - - ++ + - _ - - - - -
Plasma cells . Bhas o T e + . + + 4 - - - -
Fibrosis -+ + o o - - -
Deggquamation of cells - .- .:a. - - o w . — - _ _
Atrophy of tubular ) - - - - - -
epithelium - = -
Degeneration _ 4 _ + + - LA + - T e e - -
PROSTATE
Neutrophils ... - & - - - - e e e A -
Lymphocy tes o +. s - - - - . ~ - -. - -
_ I " . _
mﬁvﬂom&.ﬁ - - . - - - - - - - ’ -
Degeneration - - - . - - - - - - - -
SEMINAL VESICLES:
Neutrophile b - - - 4 - . - - . -
Lymphocytes - - A o S ¢ ¢ - e - -
Piasma cells - - + + R A + - - -
Anscessation - - - - - - - + - - -
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Table 7 (cont.)

Stress-infected bulls Non-stress infected Con
Findings o ) bulls

1504 1643 1646 1650 1676 237 246 247 233 255

Fibrosis - - - + + - - +* - -
AMPULLAE

Macrophages - - - - - - - - - -
Lymphocytes - - - - - - - - - -
Fibrosis = 5 - - - = + - - =
Degeneration - - - - - - = o - -

PELVIC URETHRAE

PENIS (C/S)
zcﬂgﬁh - - - - - - - - - -

Key: *+ = Mid/few
++ = Moderate
+++4 Scvere -
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Animals play a major role 23 a source of protein 4n the world,
It 1s reported that the most important and widespread nutritional
deficlency in the worid s protein. Food shortage wiil inevitably
become more critical and the protein shortage more acute as the
world population increases,

The number of 1ivestock in Migeria is adequate and matches
that of most developed countries and yet animal protein is at its
lowest. JAmong the causcs of inadequate supply are low reproductive
performance and poor nomadic husbandry practices. Several factors
such as inadequate nutrition, seasons and diseases such as
Corynebacterium pyogenes infections, influence the reproductive
performance of the animals. A#Althcugh the literature is full of
information on the female animal there is very little information
on the reproductive performance of bulls indigenous to iHgeris.
The present study was initiated to study the spermatogenesis and
clinico-pathology and bacteriology of the indigenous bovinc male
genitalia; and the significance of the latter on the reproductive
performence of the bull.

In a clinico-pathologic and bacteriologic study of the scrotal
contents of 4730 indigenous bulls in Northern Nigeria 152 (3.21%)
gross pathologic conditions were cbserved. These included:
testicular degeneration (0,59%), testicular hypoplasia (0.66%),

orchitis (0.14%), cryptorchidism (1.290%), epididymitis (0.08) and



spermatic granuloma (0.15%), Scrotal dermatophilosis of varying
degrees of severity was observed in 204 bulls, with most cases
occurring during the rainy season. This condition did not appear
to significantly affect spermatogenesis.

The result of histopathologic study was significant. Severe
testicular degeneration affected spermatogenesis significantly.
Histopathologic lesions and their prevalence were: testicular
degeneration, 18.6-0‘5: hypoplasiz, 5.30%; orchitis, 8.10%; epididymitis,
1.40%, Testicualr degeneration was observed more commonly in the
middle-aged and older bulls (5-10 years). Bacterial organisms
isolated from some of the lesions were; Corynebacterium pyogenes,
Staphylococcus spp. and Brucella abortus. In addition to hereditary
factor, age, trauma and trypanosomiasis were also identified as
significant factors in the etiology of testicular and epididymal
pathology.

Spermatogenesis in apparently normal and grossly abnormal
testes, and the significance of sertoll cell index (SCI), as a
measure of testicular degeneration, was studied in 264 indigenous
bulls of Nigeria, * “'. The mesns of the testicular weight and
dimensions and the seminiferous tubular diameter were lower than
reported for the Sps indicus breed. It was observed that the

peripheral layer of the seminiferous tubules was composed of



germinal cells, a greater number of which were spermatogoniz,
at rest or in mitosis, and the sertoli cells. Other germinal
cells - spermatocytes, spermatids and spermatozoa - were identified,
The average monthly diameter of the seminiferous tubules was
222.7 * 12 microges. The sertoll cells averaged 13.0 * 3.0 per
tubule and spermatogonia « A and B cells averaged 3.3 + 2,0 and
5.4 * 3.9 per tubule respectively. The more centrally placed
primary spermatocytes had a monthl average of 41.0 * 20.2 per
tubtile. The round and clongated spermatids averaged 41.0 * 9.8
and 35.0 * 8.3 per tubule respectively., The monthly average
percentage spermatogenesis in normal and slightly degenerated
testes was 77,6 * 3.1%, Moderate and severe degenerations
averaged 59.7 * 8.4'1’-' and 31,1 + 11,0% spermatogenesis respectively,
The difference in the number of germinal epithelial cells
in the normal and abnormal testes was reflected in the SCI, The
average SCI of normal testes was 11.5. The average was 11,0 for
slightly degenerated testes. The moderately degenerated testes
had an average SCI of 8.8 and the severely degenerated testes
scored an average SCI of 5,4, In general it was observed that
severe degeneration influenced spermatogenesis. This was
reflected in the decrease in SCI with severity of degeneration.
The clinico-pathological findings in a study of the accessory

genitalia, prepuce and penis of indigenous bulls are reported,



With regard to the external genitaiia, preputial prolapse (0.4%)
was the most common ciindcal condition observed. Balanoposthitis
occurred in 6 bulls (0.13%); phimosis in 7 bulls (0.15%);
paraphimosis in 2 bulls (0.04%); penile fracture in 8 bulls (0,17%);
penile deviations in 4 bulls; hematoma in 9 bulls (0,19%) and
adhesions in 11 bulls (0.23%), An overall 1,87% incidence of

gross pathologic conditions was encountered.

The preputial cavity was the most consistent site for mixed

bacterial flore which inciuded; Escherichia coli, Corynebacterjum
pyogenes; Staphylococcys aureus; Streptococcd spp and Proteug
yulgaris. The significance of these in cases of balanoposthitis
could not be ascertained in the present study, as most of them
were isolated from bulls with a2pparently normal genitalda.

The most common histopathologic changes observed in the seminal
vesicles were varying degrees of severity of inflammatory reactions.
No gross or histopathologic lesions were observed in the prostate
glands, pelvic urethrae and ampullae in all the bulls. It has been
reported that seminal vesicles and bulbo-urethral glands tend to
harbor infections because of thelr complicated structure and poor
drainage.

The pathology of the bovine male genitalia experimentally

infected with Corynebacteriun pyogenes was studied.. Eight

experimental and 4 control bull calves were used. Stress was



induced in =~ 4: of the experimental bulls by giving dexamethazone
injections intravenously, prior to and after inoculation with

C. pygenes suspension. All the '8 experimental bulls were
inoculated intravenously with different dosage levels of 1iving
C. pyogenes organisms suspended in sterile PBS (physiological
buffered saline)., The control bull calves were inoculated with
formalin-killed antigen, .

Rectal temperatures of the experimental animals rose from
102°F to 105°P, I to 8 days post-infection (P,I), Physieal
conditions of the andmals ranged from fair to good in the non-#tressed,
infected group and control group, to cachexia in the stressed
infected group. At post-mortem, varying degrees of inflammation
were observed in the testes, epididymes, and seminal vesicles in
the stressed infected group. No gross lesions were found in the
control group. Bacteriologically, pure culture of C. pyogenes
was isolated from different parts of the genitalia of the infected
animals, Few colonies of mixed flora were isolated from the genitalia
of the control animals,

Histological changes observed in the genitalia included
inflammation and degeneration. The testes and epididymes were
most affected and the prostate and ampullae the least affected.
The spermiogram indicated greater sperm morphologic abnormalities

in the stressed infected animals than in the non-infected control



bulis, The highest percentage spermatogenesis was recorded in
the control bulls and the lowest in the stresseinduced infected
bulls. L

This study inddcated that C. pyogengs Infections could play
a majoer role in genital pathology and any factor that may

significantly reduce the resistance of the host could be a major

factor in the meverity of .f_i.l pyogenes infections/



