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Abstract: In order to mvestigate whether testicular pathologic changes reported in trypanosome-mnfected
animals are related to declining testosterone concentrations or not, four White Fulani bulls (infected group)
with similar ages and weights were infected with Trypanosoma vivax (T. vivax), Kudaru stock, by inoculating
each, intravenously, with 2 mL. of blood from an infected denaor calf containing 2x10° T. vivax organisms. Three
other White Fulam bulls, with ages and weights similar to those of the mfected group, which were uninfected,
served as control group. Blood samples were collected from animals in the two groups before and after the
mfection to determine Packed Cell Volume (PCV) and serum testosterone profile. To carry out histopathological
studies on the testes and other organs in the body of these animals, one bull from the infected group was
sacrificed on day 14 Post-Infection (P1), while two bulls {one each from the mfected and control groups) were
sacrificed, each, on days 28, 56 and 84 P1. All animals in the infected group were parasitaemic by day ¢ PI. This
was followed by a gradual and progressive decrease in the values of Packed Cell Volume (PCV) and serum
testosterone concentrations in these animals. PT values of these parameters in the control group remained
normal relative to the pre-infection ones. The mean PI testosterone concentrations, measured in ng mL ™', in
individual bulls of the infected group sacrificed on days 14, 28, 56 and 84 were 9.6+4.2, 7.843.7, 4.9+4.1 and
5.0+3.4, respectively. Histopathologically, severe testicular degeneration was observed in all animals m the
infected group characterized by necrosis and depletion of the spermatogenic and sertoli cells in the
seminmiferous tubules. Leydig cells in the mterstitial tissues of the testes were also severely degenerated.
Severity of the lesions was related to serum testosterone concentrations as testicular degeneration was
progressive from the bull that was sacrificed on day 14 PI moving through to the bull that was sacrificed on day
56 PI which had the least mean PT testosterone concentration and in which both spermatogenic and sertoli cells
had undergone karyolysis and so were completely depleted. In contrast, testes of bulls in the control group
were normal as both seminiferous tubules and interstitial tissues of the testes contained full complement of the
spermatogenic and Leydig cells, respectively. It 13 concluded from this study that lowering testosterone
concentration may be an aggravating factor to the degenerative changes observed in the testes of
trypanosome-infected male ammals.
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INTRODUCTION

Animal trypanosomosis, caused m tropical Africa
mainly by Trypanosoma vivax (T. vivax), T. congolense
and T. brucei, has continued to be the greatest obstacle
to livestock production in the region'”. Amongst the
different livestock species, cattle are the most exposed to
hazard of contracting the disease. This is because their
grazing requirement compels them to traverse different
vegetation zones, many of which are tsetse-infested. This

reasorn, coupled with the immense economic importance
of the disease, possibly, explains why trypancsomosis
research has over the years been focused mainly on the
effects of the disease on cattle.

Reproductive disorders are some of the most
consistent clinical features of both human and animal
trypanosomoses”™ However, little effort has been made
to investigate the pathophysiology of their development.
Testicular  degeneration and  deterioration of
semen characteristics that could lead to infertility or even
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sterility, in extreme conditions, have been reported in
trypanosome-infected male animals®™®, while some reports
have indicated a reduction in plasma concentrations of
Luteinizing Hormone (LH) and testosterone™' .
Testosterone is known to play a trophic role in the
function of the testis during spermatogenesis"*'®. The
observed testicular degeneration and deterioration of
semen characteristics in the trypanosome-infected animals
may be attributable, at least m paxt, to the lowering plasma
testosterone levels caused by the infection. Conversely,
studies conducted on the effects of trypanosomosis on
the functional status of the testis were either focused on
histopathology or determination of the hormonal profile
only. There is the need to conduct a concurrent study on
the two in order to elucidate the possible effects of the
decline in serum levels of testosterone on the functional
status of the testes. The objective of this study, therefore,
was to investigate whether the degree of testicular
degeneration 1s related to the decliming
concentration of testosterone in T. vivar-infected bulls.

SCTUII

MATERIALS AND METHODS

Experimental animals: Seven healthy bulls of the White
Fulani breed exhibiting good libide, as shown by their
attempts to mount females m their midst, with ages
ranging between 2'/, and 3 vyears were selected and
purchased from a local market and used for this study.
History revealed that these animals were raised in a local
farm situated m Anchau, an apparently tsetse-free area, in
Kaduna State of Northern Nigeria. On arrival, they were
accommodated in a fly-proof conerete animal house and
fed daily on groundnut hay, green pasture, concentrate
ration and salt licks. Water was provided ad libitum. The
bulls were dewcrmed with albendazole® (Pantex B.V.,
Holland) at 5 mg kg™ body weight and sprayed against
external parasites with diazinon (Diazintol®, Alfasan
Intemmational B.V ., Holland. The animals were allowed to
acclimatize for six months during which they were exposed
to routine examination and collection of blood samples
three times parasite

a week for screening and

haematological studies.

T. vivax stock: The T. vivar used in this study was an
1solate from a natural infection of a cow 1 Kudaru, a
village in Northern Nigeria. This parasite was identified
and confirmed to be 7. vivax usmng morphological
characteristics'. Blood from the infected cow was
inoculated into a donor calf in which parasitaemia was
detected 4 days post-infection.

Animal grouping and infection with 7. vivax Kudaru
stock: The bulls were on the day of infection allocated to
two groups of 4 infected and 3 control animals. These
groups were closely matched on the basis of live mass
(infected 198.0£9.4 kg, control 191.5+10.1 kg). Each bull in
the infected group was injected intravenously with 2 mL
of bleed from the doner calf containing 2.0 x 10° 7. vivax
organisms. The number of trypanosomes was estimated
by the methed described by Paris ef al'¥ as modified by
Mutayoba et al 2.

Clinical and routine blood examinations: Beginning from
the day of mfection all animals in the infected group were
observed for changes in demeanor and general body
condition. Starting from 5 days before infection, blood
(2 mL) was collected every other day from each of the
infected and control ammals for the estimation of Packed
Cell Volume (PCV) using standard microcapillary method.
After the infection, jugular blood samples were collected
daily and examined for parasitaemia using buffy coat dark
ground method'?. After parasitaemia detection, blood
samples were taken every other day for parasitaemia
and PCV estimations. Trypanosomes
estimated according to the modified scoring method !

levels were

12]

Blood sampling for serum testosterone measurement:
Beginning 5 days before infection, blood sample (3 mL)
was collected from each of the mfected and control
ammals every other day, mcluding the day of infection, by
Jugular venepuncture. Samples were collected at a fixed
hour on each day of sampling (6.00-7.00 am) as
recommended™. The blood was allowed to clot and serum
expressed. This was followed by centrifugation at 1500 g
at room temperature for 10 min. Serum was decanted and
stored in vials at-20°C until needed for testosterone

assay.
Serum testosterone was measured using microwell
testosterone  enzyme  immunoassay  (Microwell

testosterone EIA) kat (Syntron Bioresearch, Inc., Carlsbad,
USA). The sensitivity of the assay was 0.1 ng mL ™", while
the intra-assay and mter-assay coefficients of variation
were 10.2 and 10.4, respectively.

Histopathological studies: One bull in the infected group
was sacrificed on day 14 Post-Infection (PI) while two
bulls, one from the infected and the other from the control
groups, were sacrificed each on days 28, 56 and 84 PL
Tissue samples were collected from the testes of these
animals and preserved in Bouin’s solution. These were
according to  standard  histological

and staned with haematoxylin and eosm.

processed
techniques!

21]
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The presence and conditions of germinal epithelia and
sertoli cells of the testis were studied microscopically.
Testicular lesions were graded according to the method
described by Sekoni ef al.l”

Statistical analyses: Values of individual parameters
(serum testosterone and PCV) from both nfected and
control White Fulani bulls were pooled together as pre-
and PI means. The latter values of serum testosterone in
the T vivax-infected group were represented in a bar chart.
Comparison of the mean values for infected with those of
control was done using Student’s t-test 2,

RESULTS

Parasitaemia: Trypanosomes were first detected m the
blood of infected bulls on day 4 PL. By day 6 PI, all
animals had developed parasitaemia. Parasitaemia was
mtermittent m mdividual ammal of the mfected group.
The control group remained aparasitaemic throughout the

Mean serum testosterone
concentration (ng mL )

course of the experiment. A mean parasitaemia of 3+,
representing 5x10" trypancsomes per milliliter of blood
was obtained while parasitaemia peak of 6+, representing
more than 5x10°trypancsomes per milliliter of blood, was
recorded on day 8 PI. Thereafter, moderate to mild
parasitaemia was obtamed up to time the experiment
was terminated.

PCV: The pre-infection mean PCV in the control and
infected White Fulani bulls were 281+1.0% and
29.0£0.5%, respectively. Following infection, there was
progressive decrease in PCV in the infected group and by
day 20 PI, the mean PCV value in this group had dropped
to 16.0+2.9%. Thereafter, the mean PCV gradually rose
and by day 30PI, it had risen to 18.0+0.6%. The mean
PCV 1 control group remaimed normal relative to the
pre-infection value throughout the course of the
experiment. The pooled mean P1 PCV m the mfected bulls
(19.3+0.5%) was significantly different (p<0.05) from that
of the control bulls (27.3+1.5%).

—4— Infected
—a— Control
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Fig. 1: Mean (£53D) serum testosterone profile in 7. vivax-infected and control White Fulani bulls
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Fig. 2: Mean (£5D) serum testosterone concentration in individual bulls of the infected group Bull A = Bull sacrificed
on day 14 post-infection, Bull B = Bull sacrificed on day 28 post-infection, Bull C = Bull sacrificed on day 56 post-
mfection, Bull D = Bull sacrificed on day 84 post-infection
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Serum testosterone levels: Testosterone secretion was
characteristically episodic in both infected and control
bulls Fig. 1. The serum testosterone concentration in the
control bulls remained within a range of 0.8 tol 8.0 ng mL ™"
(10.8+1.6 ng mL.™"), with pealk values ranging from 15to 18
ng mL ™", throughout the period of experiment. A gradual
and progressive serum  testosterone
concentration was however observed in the T vivax-
infected bulls. The PI mean concentrations of
testosterone in individual bulls of the infected group
sacrificed on days 14, 28, 56 and 84 are presented in
Fig. 2.

decrease m

Histopathological findings: Testes of the control bulls
were normal as semimiferous tubules contained full
complement of spermatogemc and sertoli cells. Similarly,

Fig. 3: Cross-section of the testis of a control White
Fulam bull showing seminiferous tubules and
mterstitial tissue respectively contamning full
complement of the spermatogenic and Leydig cells
(Hand E...)

Fig. 4: Cross-section of the testis of the T. vivax-infected
White Fulani bull that was sacrificed 14 days post-
infection. Note the hypoplasia as a result of the
degeneration and subsequent depletion of

spermatogenic cells (H and Ex250)

Fig. 5: Cross-section of the testis of the T\ vivax-infected
White Fulani bull that was sacrificed 28 days post-
infection. Note that spermatogemnic cells here were
more depleted than in the testis in Fig. 4 (H and
E=250)

Fig. 6: Cross-section of the testis of the T\ vivax-infected
White Fulani bull that was sacrificed 56 days post-
infection showing the most severe testicular
degeneration with Tubules (T)
completely depleted of spermatogenic cells. Note
the vacuolation (arrow) in the germinal epithelium.
(H and Ex 250)

seminiferous

interstitial tissues of the testes contammed full complement
of Leydig cells Fig. 3. Severe testicular degeneration was
however observed m the testes of all the infected bulls,
which was characterized by depletion of spermatogenic
cells. Severity of the lesions increased with duration of
the infection and with decreasing testosterone levels
Fig. 4, 5 and 6 except n the bull that was sacrificed on day
84 PI Fig. 7 in which case the degree of the testicular
degeneration was similar to that observed in the bull that
was sacrificed on day 14 PI. Testicular degeneration was
most severe in the bull that was sacrificed on day 56 PI
Fig. 6. In this bull, spermatogenic and the sertoli cells in
the testis were completely destroyed. Leydig cells in the
interstitial tissue of the testis were also destroyed.
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Fig. 7. Cross-section of the testis of the T. vivax-infected
White Fulani bull that was sacrificed 84 days
post-infection showing testicular degeneration of
comparable degree to that of the testis in Fig. 4
(H and Ex250)

DISCUSSION

Tt is evident from this study that the severity of
degeneration in seminiferous tubules of the testes of
infected bulls is related to the decreasing levels of
testosterone. The most severe lesions were observed in
the bull that had the least PI mean testosterone
concentration. This was in contrast to the observation
made in the control group which had normal testes and in
which testosterone profile remained normal throughout
the course of the experiment. The observation made in
this study of the progressive decline in testosterone
concentrations in the T. vivax-infected White Fulani bulls
seems to confirm earlier reports that trypanosomosis is
associated with impairment of testicular
steroidogenesis™™' "4, As testosterone plays an important
trophic role in the function of the testis during
spermatogenesis, it is probable that the progressive
decrease in testosterone levels caused by the infection
contributed to the degenerative changes observed in the
seminiferous tubules with subsequent depletion of
spermatgenic cells which was most severe in the bull that
had the least value PI mean testosterone concentration.
Trypanosome infection has been shown to cause rapid
degeneration of primary and secondary
spermatocytes™™. The degeneration and the subsequent
depletion of spermatogenic cells in the seminiferous
tubules of the testes of infected bulls may partly be
attributable to the decline in testosterone levels since
sufficient secretion of this hormone is essential for
normal spermatogenesis*'". The pathophysiological
mechanisms that result in the development of testicular
dysfunction in trypanosomosis are not quite understood.
The possibility that pituitary damage during trypanosome
infection may result in testicular dysfunction due to
reduced Luteinizing (I.LH) Hormone secretion™*! has been
negated by previous reports''"'? in which it was observed

that pituitary response to exogenous Gonadotrophin
Releasing Hormone (GnRH), measured by LH response,
was not impaired in trypanosome-infected animals at any
stage of the experiment. This would strongly suggest that
the observed decline in spontaneous LH secretion after
the infection, as contained in their reports, was not due to
impaired pituitary function per se but to defect in
hypothalamic GnRH secretion or transport. In the same
studies, however, testicular responsiveness, as measured
by testosterone response to UnRH-induced LH
stimulation, was decreased in infected animals.

Although the dynamic changes in GnRH and L.H
secretions were not investigated in the present study, the
simultaneous  reductions in  plasma TLH and
testosterone!™'¥ and the reduction in serum testosterone
observed in the present study are more likely to occur
when there is a reduction n the secretion or release of
hypothalamic GnRH™.

Anoxia has been incriminated in the development of
most tissue degenerative changes observed in
trypanosome-infected animals™!. Tt is, thus, an important
factor that plays an important role in the development of
testicular dysfunction in trypancsome-infected animals.
As testis is an oxygen-dependent organ™, anaemia that
accompanies trypancsomosis is more likely to inflict more
injurious effects on testicular tissue than any other factor.
The importance of oxygen in the steroidogenic function
of the testis is further evidenced by the high
vasculariztion of its interstitial tissue in which Leydig
cells, the testosterone-producing cells of the testis, are
found®. Hence, decreased testosterone secretion in
trypanosome-infected animals may be the result of
anoxia-induced degenerative changes in the Leydig
cells. Several other factors might have been involved in
the development of testicular dysfunction in
trypanosome-infected animals that include capacity of the
pathogenic trypanosome to cause extensive tissue and
organ damage; release of biologically active and toxic
substances; physical swelling and disruption of tissue
architecture;  pyrexia  and  increased  vascular
permeability™,

[26

CONCLUSION

In conclusion, this study has demonstrated that
lowering testosterone concentration may be an
aggravating factor to the degenerative changes observed
in the testes of trypanosome-infected animals.
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