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The effects of Trypanosoma brucei 
experimental infection on hormones during 
synchronized oestrous cycle and pregnancy, 
and pregnancy outcome were investigated 
using 39 West African Dwarf goats (3 
bucks, 36 does). Bucks were kept separate in 
a pen and the does in groups of six. They 
were fed with concentrate at 0.25kg per 
head/day. Elephant grass and fresh water 
were provided ad libitum. Infected does 
were inoculated with 4.8x105 trypanosomes 
while synchronization was achieved through 
two intramuscular injections of 5 mg 
Lutalyse® 7 days apart. Venous blood was 
centrifuged at 3000g and serum was stored 
under ice in a chest freezer. Follicle 
Stimulating Hormone (FSH), Luteinizing 
Hormone (LH), oestradiol and progesterone 
were evaluated using enzyme immunoassay. 
The differences between proestrual values of 
control and infected does for LH (0.25±0.10, 
0.10±0.06) IU/L, oestradiol (0.31±0.04, 
0.58±0.03 pmol/l) and progesterone 
(5.63±2.05, 17.60±0.68 nmol/l) respectively 
were significant (P<0.05), except for FSH 
(0.40±0.20, 0.40±0.07 IU/L). The 
differences between oestrual values of 
control and infected does for FSH 
(0.28±0.01, 0.11±0.04), LH (0.28±0.04, 
0.11±0.61), oestradiol (0.69±0.04, 
0.50±0.03) and progesterone (0.83±0.09, 
11.63±6.13) were significant (P<0.05). 
Between control and infected does, the 
differences in dioestrual values for these 
hormones, and progesterone during 
pregnancy were not significant (P>0.05). 
Abortion occurred within 46 and 32 days in 
does infected during first and second 
trimesters respectively. The study showed 
that experimental Trypanosoma brucei 
infection caused fluctuations in hormone 

concentration during the proestrual and 
oestrual stages of the oestrous cycle, and 
abortion, to which the does were more 
vulnerable during the second trimester.   
Key words: Trypanosoma brucei, WAD 
goat does, hormones, oestrous, abortion. 
 
The regulation of mammalian reproduction 
is majorly under the control of the 
hypothalamo-hypophyseal portal axis which 
in the female coordinates the functions of 
the gonads (ovaries), including production of 
reproductive hormones and gametogenesis 
(17). At the superior end of the axis is the 
influence of extra-hypothalamic areas and at 
the other, that of the uterus on the ovary 
(28). The release of Follicle stimulating 
hormone (FSH) and Luteinizing hormone 
(LH) from the adenohypophysis is 
stimulated by Gonadotropin Releasing 
Hormone (GnRH) from the hypothalamus 
(10). Both FSH and LH regulate ovarian 
activities, leading to stimulation of 
folliculogenesis, maturation of follicle and 
production of estrogen which is responsible 
for the psychic manifestation of ‘heat’ 
during the follicular phase of the oestrous 
cycle (19). During the luteal phase of the 
cycle and pregnancy, progesterone is the 
dominating hormone in peripheral 
circulation (7, 28). The physiological 
integrity of these various organ components 
involved in the production of reproductive 
hormones is essential to ensure that the 
processes of reproduction progress normally 
in the animal. Certain reports of infertility in 
man and domestic animals had been traced 
to lesions caused by trypanosomes in some 
of these organs (2, 5, 35). Some of the 
symptoms of infertility reported included 
irregular oestrous (37), anoestrous (20), 
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stillbirth (30), reduced conception rates (12) 
and abortion (15). The different types of 
tissue pathology that have been reported to 
be associated with trypanosomosis may act 
to disrupt the normal elaboration of 
reproductive hormones by these 
organs/glands thereby precipitating 
infertility. Many reproductive symptoms 
also described with the disease may be 
associated with reduced or lack of 
production of relevant hormones. For 
instance progesterone is the major hormone 
required to maintain pregnancy and in the 
goat, circulating progesterone is almost 
completely sourced from an active corpus 
luteum (16). The administration of luteolytic 
factors during pregnancy in farm animals 
often result in abortion, although in some 
species, this depend on the stage at which 
the exposure occurs (27). Inadequate 
progesterone concentration during early 
gestation has been associated with 
embryonic mortality (11). It has not been 
sufficiently elucidated if the symptoms of 
infertility associated with trypanosomosis 
occurred as a result of inadequacies in the 
concentration of reproductive hormones 
consequent on glandular pathology. The 
objectives of this study therefore were to 
investigate hormone concentrations of FSH, 
LH, oestradiol and progesterone during the 
oestrous cycle and pregnancy, as well as the 
outcome of pregnancy in WAD goat does 
experimentally infected with Trypanosoma 
brucei.  
 
MATERIALS AND METHODS 
Animals and management: Thirty–nine 
adult WAD goats consisting of three (3) 
bucks and thirty six (36) does which were 
randomly divided into three groups (i.e. I, II 
and III) were used in the study. Groups I and 
II consisted of six does each, group I does 
served as control while group II served as 
experimental group which were infected 
with trypanosomes. Parameters for the study 
were obtained from groups I and II does 
during the oestrous cycle following 
synchronization. Group III consisted of 
twenty four (24) does which were randomly 
divided into four equal sub groups (i.e. ‘A’, 
‘B’, ‘C’ and ‘D’). Parameters for the study 
were obtained from group III does during 

pregnancy. Sub group ‘A’ served as control 
or non-infected does while sub groups ‘B’, 
‘C’ and ‘D’ served as experimental/ infected 
does. The does were kept in separate pens 
within the small ruminant Unit of the 
Department of Veterinary Surgery and 
Reproduction according to their groups. The 
bucks were also kept together in a separate 
pen. The animals were fed on commercial 
feed stuff (15.23% CP) at the rate of 0.25kg 
per head/day. Elephant grass and fresh water 
ad libitum were also provided throughout the 
study which lasted between September, 2010 
and February, 2011. 
Source of Trypanosoma brucei: T. brucei 
was obtained from passaged rats from the 
Department of Veterinary Pathology, 
University of Ibadan. The strain was 
originally obtained from the Nigeria Institute 
for Trypanosomasis Research (NITR), Vom, 
Plateau State, Nigeria.                   
 Parasite estimation in albino rats and 
animal inoculation: Parasitaemia in albino 
rats was evaluated at 8.4 x 107 trypanosomes 
per milliliter by haemocytometrical method 
(26) using blood obtained through tail 
bleeding. Further dilution of the blood was 
made with normal saline to obtain an 
intravenous inoculation dose of 4.8 x 105 
trypanosomes/diluted blood. The goats 
involved in this study were earlier screened 
negative for trypanosomes via Haematocrit 
Centrifugation Technique (HCT) and Buffy 
Coat Method (BCM) as earlier described 
(39). 
Synchronization of oestrus and mating: 
Synchronization of oestrous in all groups 
and sub groups of does  involved in this 
study was achieved by the intramuscular 
administration of two injections, 7 days 
apart of 5mg Lutalyse®  as earlier described  
(24). All groups and sub groups of does 
were administered the first intramuscular 
dose of 5mg dinoprost tromethamine 
(Lutalyse®) same day such that for group II 
does, it coincided with day 12 post 
intravenous inoculation of 0.5 ml diluted 
blood containing 4.8 x 105 Trypanosoma 
brucei. Both groups I and II does were not 
allowed access to the bucks following 
synchronization. The does in sub groups ‘A’, 
‘B’, ‘C’ and ‘D’ were also synchronized as 
described but they were introduced into the 
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pen of the bucks for about 48 hours starting 
from 72 hours after the second injection of 
Lutalyse® for mating to occur. 
Evaluation of stage of Pregnancy and 
inoculation of pregnant does with 
Trypanosoma brucei: Vaginal smear was 
collected from each doe to monitor the 
appearance of spermatozoa in the smear. 
The day of first appearance of spermatozoa 
in the vaginal smear was taken as day 1 of 
mating and pregnancy in the study as earlier 
described (24). Sub group ‘B’ were infected 
with 4.8 x 105 T. brucei on day 25 post 
mating (pm) i.e. mid 1st trimester, ‘C’ on day 
51pm (2nd trimester) and ‘D’ on day 101pm 
(3rd trimester). 
Method and duration of blood collection: 
Blood samples were collected from the does 
in the study via jugular venopuncture. For 
groups I and II does, the process of blood 
collection commenced about 72 hours after 
the second injection of 5mg Lutalyse® and 
lasted for 20 days to cover the entire 
oestrous cycle period (23). In each of the 20 
days, 2mls blood was collected between 
0800 hr and 0900hr into well labelled Bijou 
bottles. The blood was allowed to coagulate 
at room temperature with the bottle in 
slanted position. The separated serum was 
then decanted and centrifuged for 10 
minutes at 3000g. The supernatant was 
stored in Eppindorof tubes underneath well-
formed iced block layers inside a chest 
freezer until about a week after the last 
sample was collected before the assay was 
carried out. For the does in sub groups ‘A’, 
‘B’, ‘C’ and ‘D’, blood samples were 
equally collected via the jugular and 
preserved as described above. However, the 
blood samples were collected as follows: ‘B’ 
(37th and 38th days of pregnancy), ‘C’ (37th, 
38th, 87th and 88th days of pregnancy), ‘D’ 
(37th, 38th, 87th, 88th, 137th and 138th days of 
pregnancy). Blood samples were also 
collected from ‘A’ as follows: 37th, 38th, 
87th, 88th, 137th and 138th days of pregnancy. 
These sampling days were adopted so as to 
generate comparative data among the 
subgroups, and also obtain readings that 
would reflect the hormone status at the 
middle of each stage of the oestrous cycle as 
well as trimesters of pregnancy. 

Classification of stages of the oestrous 
cycle: The first 0 - 48 hours, 48 – 96 hours 
and 96 – 480 hours after synchronization 
were regarded as proestrus, oestrus and 
dioestrus respectively as reported in Angora 
goat does (13) and in WAD does (24). This 
method is also in line with an earlier report 
(3) that the mean cycle length in WAD does 
is about 19.9 days.   
Assay of hormones: Assay for hormones 
was carried out after a week of storage using 
the Enzyme Immunoassay Kits 
(Immunometrics, UK Ltd) as earlier 
described (36) for the hormones evaluated- 
FSH, LH, oestradiol and progesterone. The 
different concentration ranges covered by 
Standards included in the kits were 0-200 
IU/L (FSH), 0-170 IU/L (LH), 0-12,000 
pmol/L (Oestradiol) and 0-100 nmol/L 
(Progesterone). 
 
RESULTS 
Changes in Peripheral hormones 
concentrations during the oestrous cycle 
in control and infected WAD does:  
Table 1 compared the changes observed in 
the hormone concentrations in control does 
between proestrus and oestrus, proestrus and 
dioestrus as well as between oestrus and 
dioestrus following synchronization. For 
FSH, the differences between proestrus and 
oestrus values (0.40 ± 0.20 and 0.28 ± 0.10) 
IU/L as well as proestrus and dioestrus (0.40 
± 0.20 and 0.28 ± 0.14) IU/L were 
significant (P < 0.05). The difference 
between oestrus and dioestrus values (0.28 ± 
0.04 and 0.28 ± 0.14) IU/L was not 
significant (P > 0.05). For LH, the difference 
between proestrus and oestrus values (0.25 ± 
0.10 and 0.28 ± 0.04) IU/L was not 
significant (P > 0.05), while that between 
proestrus and dioestrus (0.25 ± 0.10 and 0.14 
± 0.08) as well as oestrus and dioestrus (0.28 
± 0.10 and 0.14 ± 0.08) IU/L were 
significant (P < 0.05). For oestradiol, the 
differences between proestrus and oestrus 
(0.31 ± 0.04 and 0.69 ± 0.04) pmol/l as well 
as oestrus and dioestrus (0.69 ± 0.04 and 
0.28 ± 0.36) pmol/l were significant (P < 
0.05) while that between proestrus and 
dioestrus (0.31 ± 0.04 and 0.28 ± 0.36) 
pmol/l was not significant (P > 0.05). For 
progesterone, the differences between 
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proestrus and oestrus values (5.63 ± 2.05 
and 0.83 ± 0.09) nmol/l, proestrus and 
dioestrus (5.63 ± 2.05 and 8.26 ± 9.77) 
nmol/l as well as oestrus and dioestrus (0.83 
± 0.09 and 8.26 ± 9.77) nmol/l were 
significant (P < 0.05). 
Table 2 compared the changes observed in 
the hormone concentrations in infected does 
between expected proestrus (E.P) and 
expected oestrus (E.O), expected proestrus 
and expected dioestrus (E.D) as well as 
between expected oestrus and expected 
dioestrus following synchronization. For 
FSH, the differences between E.P and E.O 
values (0.40 ± 0.07 and 0.11 ± 0.04) IU/L as 
well as E.P and E.D (0.40 ± 0.07 and 0.21 ± 

0.11) IU/L were significant (P < 0.05). The 
difference between E.O and E.D values 
(0.11 ± 0.04 and 0.21 ± 0.11) IU/L was not 
significant (P > 0.05). For LH, the difference 
between E.P and E.O values (0.10 ± 0.06 
and 0.11 ± 0.61) IU/L was not significant (P 
> 0.05), while that between E.P and E.D 
(0.10 ± 0.06 and 0.21 ± 0.11) as well as E.O 
and E.D (0.11 ± 0.61 and 0.21 ± 0.11) IU/L 
were significant (P < 0.05). For oestradiol, 
the differences between E.P and E.O (0.58 ± 
0.03 and 0.50 ± 0.03) pmol/l as well as E.O 
and E.D (0.50 ± 0.03 and 0.41 ± 0.17) 
pmol/l were not significant (P > 0.05), while 
that between E.P and E.D (0.58 ± 0.03 and 
0.41 ± 0.17) pmol/l was significant (P < 

Table 1: Statistical significance of changes in hormones concentrations between any  
               two stages of the oestrous cycle following oestrus synchronization in control does. 
Hormone  Proestrus  Oestrus  Dioestrus  P-value  

 
FSH (IU/L) 0.40 ± 0.20 0.28 ± 0.10 xxxxxxxxxxx P < 0.05 

0.40 ± 0.20 xxxxxxxxxxx 0.28 ± 0.14 P < 0.05 
xxxxxxxxxx 0.28 ± 0.04 0.28 ± 0.14 P > 0.05 

LH (IU/L) 0.25 ± 0.10 0.28 ± 0.04 xxxxxxxxxxx P > 0.05 
0.25 ± 0.10 xxxxxxxxxxxx 0.14 ± 0.08 P < 0.05 
xxxxxxxxxxxx 0.28 ± 0.10 0.14 ± 0.08 P < 0.05 

Oestradiol 
(pmol/l) 

0.31 ± 0.04 0.69 ± 0.04 xxxxxxxxxx P < 0.05 
0.31 ± 0.04 xxxxxxxxxxx 0.28 ± 0.36 P > 0.05 
xxxxxxxxxxxx 0.69 ± 0.04 0.28 ± 0.36 P < 0.05 

Progesterone 
(nmol/l) 

5.63 ± 2.05 0.83 ± 0.09 xxxxxxxxxxx P < 0.05 
5.63 ± 2.05 xxxxxxxxxxxx 8.26  ± 9.77 P < 0.05 
xxxxxxxxxxxx 0.83 ± 0.09 8.26  ± 9.77 P < 0.05 

 
Table 2: Statistical significance of changes in hormones concentrations between any  
               two stages of the oestrous cycle following oestrus synchronization in infected does. 
   Expected 

Proestrus 
 Expected 
Oestrus 

 Expected 
Dioestrus 

P- Value 

FSH (IU/L) 0.40 ± 0.07 0.11 ± 0.04 xxxxxxxxxx P < 0.05 
0.40 ± 0.07 xxxxxxxxxxx 0.21  ± 0.11 P < 0.05 
Xxxxxxxxxxxx 0.11  ± 0.04 0.21  ± 0.11 P > 0.05 

LH (IU/L) 0.10  ± 0.06 0.11  ± 0.61 xxxxxxxxxxx P> 0.05 
 0.10  ± 0.06 xxxxxxxxxxxx 0.21  ± 0.11 P< 0.05 

Xxxxxxxxxx 0.11  ± 0.61 0.21  ± 0.11 P< 0.05 
Oestradiol 
(pmol/l) 

0.58  ± 0.03 0.50  ± 0.03 xxxxxxxxxx P> 0.05 

 0.58  ± 0.03 xxxxxxxxxxx 0.41  ± 0.17 P< 0.05 
 Xxxxxxxxxxxx 0.50  ± 0.03 0.41  ± 0.17 P> 0.05 
Progesterone 
(nmol/l) 

17.60  ± 0.68 11.63  ± 6.13 xxxxxxxxxxx P < 0.05 
17.60  ± 0.68 xxxxxxxxxxxx 12.29  ± 4.10 P < 0.05 
Xxxxxxxxxxxx 11.63  ± 6.13 12.29  ± 4.10 P > 0.05 
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Table 3: Hormonal concentrations during proestrus in control and infected WAD does. 
Hormone Mean ± S.D  

Control does 
Mean ± S.D Infected 
does  

P-Value 

 FSH (IU/L) 0.40 ± 0.20 0.40 ± 0.07 P > 0.05 
LH (IU/L) 0.25 ± 0.10 0.10 ± 0.06 P < 0.05 
Oestradiol (pmol/l) 0.31 ± 0.04 0.58 ± 0.03 P < 0.05 
Progesterone (nmol/l) 5.63 ± 2.05 17.60 ± 0.68 P < 0.05 
 
Table 4: Hormonal concentrations during oestrus in control and infected WAD does. 
Hormone Mean ± S.D  

Control does 
Mean ± S.D  
Infected does  

P-Value 

FSH (IU/L) 0.28  ± 0.01 0.11 ± 0.04 P < 0.05 
LH (IU/L) 0.28 ± 0.04 0.11 ± 0.61 P< 0.05 
Oestradiol (pmol/l) 0.69 ± 0.04 0.50 ± 0.03 P < 0.05 
Progesterone (nmol/L) 0.83 ± 0.09 11.63 ± 6.13 P < 0.05 
 

0.05). For progesterone, the differences 
between E.P and E.O values (17.60 ± 0.68 
and 11.63 ± 6.13) nmol/l, E.P and E.D 
(17.60 ± 0.68 and 12.29 ± 4.10) nmol/l were 
significant (P < 0.05) while the difference 
between E.O and E.D (11.63 ± 6.13 and 
12.29 ± 4.10) nmol/l was not significant (P > 
0.05). 
Table 3 shows the differences in the 
concentration of hormones during proestrus 
in control and infected does. The mean 
values/titres for FSH, LH, estradiol and 
progesterone were (0.40 ± 0.20, 0.40 ±0.07) 
IU/L, (0.25 ± 0.10, 0.10 ± 0.06) IU/L, (0.31 
± 0.04, 0.58 ± 0.03) pmol/l and (5.63 ± 2.05, 
17.60 ± 0.68) nmol/l respectively. These 
differences were significant (P < 0.05) 
except for FSH. Table 4 shows the 
differences in the concentration of hormones 
during oestrus in control and infected does. 
The mean values/titres for FSH, LH, 
oestradiol and progesterone were (0.28 ± 
0.01, 0.11 ± 0.04) IU/L, (0.28 ± 0.04, 0.11 ± 
0.61) IU/L, (0.69 ± 0.04, 0.50 ± 0.03) pmol/l 
and (0.83 ± 0.09, 11.63 ± 6.13) nmol/l 
respectively. These differences were 
significant (P < 0.05). Table 5 shows the 
differences in the concentration of hormones 
during dioestrus in control and infected 
does. The differences between the mean 
values/titres for FSH (0.28 ± 0.14, 0.21 ± 
0.11) IU/L and LH (0.14 ± 0.08, 0.21 ± 
0.11) IU/L respectively were not significant 
(P > 0.05). However, the differences 
between the mean values for oestradiol (0.28 

± 0.36, 0.41 ± 0.17) pmol/l and progesterone 
(8.26 ± 9.77, 12.29 ± 4.10) nmol/l 
respectively were significant (P < 0.05).  
Changes in Peripheral hormones 
concentrations during pregnancy in 
control and infected WAD does: As shown 
in Table 6, the mean peripheral 
concentrations of progesterone during the 
1st, 2nd and 3rd trimesters of pregnancy for 
control and infected does were (36.7 ± 2.21 
and 35.8 ± 3.67) IU/L, (45.2 ± 0.69 and 47.4 
± 1.71) IU/L and (53.8 ± 2.63 and 51.5 ± 
1.61) IU/L respectively. The differences 
were not significant (P > 0.05). The 
difference in the mean concentration of 
progesterone during gestation between 
control (45.23 ± 1.84) IU/L and infected 
(44.90 ± 2.32) IU/L does was also not 
significant (P > 0.05). 
Outcome of pregnancy following infection 
with T. brucei in WAD does: Figure 1 
shows the result of infection on pregnancy in 
the does. In fig. 1, Trim. 1 inf. refers to 
subgroup B, Trim. 2 inf. refers to subgroup 
C, Trim. 3 inf. refers to subgroup C while 
Trim. 3 inf. refers to subgroup C. For 
subgroup B, 50% abortion occurred within 
36-40 days post inoculation (P.I) while 
100% abortion occurred by the 46th day P.I. 
For subgroup C, 66.7% abortion occurred 
within 22 days P.I while 100% abortion 
occurred by 32nd day P.I. Abortion was not 
observed in both control (subgroup A) and 
subgroup D does.  
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DISCUSSION 
The main events of the oestrous cycle are 
related to the periods of growth of the 
ovarian follicles and the corpus luteum. 
Increasing oestrogen levels produced by 
maturing pre-ovulatory follicles are believed 
to cause a surge of Gonadotropin Releasing 
Hormone (GnRH) and a peak in Luitenizing 
Hormone (LH) which brings about ovulation 
towards the end of oestrus in the goat (33). 
A careful consideration of Table 1 showed 
that in control does, between proestrus and 
oestrus, there was a significant (P < 0.05) 
increase in oestradiol concentration which 
will be required for observation of 
behavioural oestrus and subsequently the 
surge in LH bringing about ovulation (27). 
Table 2 on the other hand revealed the 
absence of any significant (P > 0.05) change 
in oestradiol concentration from proestrus to 
oestrus in infected does. Although, the mean 
concentration of oestradiol obtained in 
infected does at proestrus (0.58 ± 0.03) 
pmol/l was higher (P < 0.05) than in control 
does (0.31 ± 0.04) pmol/l as shown in Table 
3, the concentration of oestradiol at oestrus 
in control does (0.69 ± 0.04) pmol/l was 
higher (P < 0.05) than in infected does (0.50 
± 0.03) pmol/l as shown in Table 4. These 
changes may account for failure of 
proestrual signs such as mounting pen mates 
in infected does and may be due to stress 
factors as a result of infection or the 
possibility that the infection increased the 
threshold of response to estrogens. Also, the 
singular finding that in the progression to 
oestrus, change in mean concentration of 
oestradiol in control does was higher (P < 
0.05) than in infected does may explain the 
present observation, and may be related to 
abnormalities in follicular growth pattern 
and oestradiol production which was 
reported to be associated with heat stress 
(38), which is also typical of 
trypanosomosis. This finding may not be 
associated with the clinical signs of 
trypanosomosis since these have not become 
evident except for hyperthermia (39.90C) 
which was already evident during the period. 
The present observation is contrary to an 
earlier finding (31) that Trypanosoma 
congolense infected Djallonke ewes 
responded to synchronization at peak 

parasitaemia following which they were 
successfully bred. The difference in these 
observations may be due to genetic 
differences between the ovine and the 
caprine species or the duration of the 
infection prior to synchronization, or it may 
be due to the difference in the type of 
trypanosome involved. As shown in Table 1, 
serum concentration of FSH during 
proestrus (0.40 ± 0.20) IU/L was higher (P < 
0.05) than during oestrus. This observation 
suggests that there was an increase in 
folliculogenesis during proestrus with a 
reduction occasioned by the reduction in 
FSH concentration (0.28 ± 0.01) IU/L during 
oestrus. The picture with infected does was 
similar as shown in Table 2 and it is not 
clear why such hormonal picture did not 
lead to behavioural/standing oestrus since 
estrogens (oestradiol) should normally be 
produced from the growing follicles. It may 
be that the infection led to reduced response 
of the growing follicles to oestradiol 
production, or reduced activity of the 
oestradiol producing cells in the follicles or 
that the infection led to a reduced 
responsiveness of growing/maturing follicles 
to FSH. The changes in LH concentrations 
between proestrus and oestrus in both 
control and infected does (Tables 1 and 2) 
were not significant (P > 0.05). This finding 
suggests that the infection did not lead to 
any observable difference in LH 
concentration between control and infected 
does. The observed pattern in FSH and LH 
concentrations in infected does in the study 
was not different from that of control does. 
Aside other probable deficiencies such as in 
the qualitative properties of the hormones 
produced and folliculogenesis, follicular 
maturation, behavioural oestrual signs and 
increased interest in the male as well as 
ovulation should have occurred normally in 
infected does. Following ovulation, the 
ruptured follicle becomes a functional 
corpus luteum which is the main source of 
progesterone in the goat (16). The lowest 
progesterone concentration obtained for 
control (0.83 ± 0.09) nmol/l and infected 
(11.63 ± 6.13) nmol/l does were observed 
during oestrus and this finding agreed with 
an earlier report (21). The trend of changes 
in progesterone concentration through the 
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Table 5: Hormonal concentrations during dioestrus in control and infected WAD does. 
Hormone Mean ± S.D  

Control does 
Mean ± S.D  
Infected does  

P-Value 

FSH (IU/L) 0.28  ± 0.14 0.21 ± 0.11 P > 0.05 
LH (IU/L) 0.14 ± 0.08 0.21 ± 0.11 P > 0.05 
Oestradiol (pmol/l) 0.28 ± 0.36 0.41 ± 0.17 P < 0.05 
Progesterone (nmol/l) 8.26 ± 9.77 12.29 ± 4.10 P < 0.05 
 
Table 6: Serum progesterone concentrations (nmol/L) between control and infected WAD       
              does during pregnancy (Mean ± S.D). 
Pregnancy stage   Mean ± S.D  

for Control does 
(nmol/l)  

Mean ± S.D  
for Infected does 
(nmol/l)  

P- Value 

 Late 1st Trimester 36.7 ± 2.21 35.8 ± 3.67  P> 0.05 
 Late 2nd Trimester 45.2 ± 0.69  47.4 ± 1.71 P > 0.05 
 Late 3rd Trimester  53.8 ± 2.63  51.5 ± 1.61 P > 0.05 
Average  45.23 ± 1.84 44.90 ± 2.32 P > 0.05 
 

entire oestrous cycle from proestrus to 
dioestrus in control (Table 1) and infected 
(Table 2) does was similar with the highest 
titres obtained during dioestrus and this may 
be attributed to the presence of active corpus 
luteum. Although the general trend of 
changes observed in all the hormone titres 
evaluated in the study between proestrus and 
dioestrus were similar, a careful 
consideration of the differences at each stage 
of the cycle between control and infected 
does revealed some keen disparities. For 
instance, during proestrus as shown in Table 
3, both the mean oestradiol and progesterone 
concentration in infected does were 
significantly (P < 0.05) higher than in 
control does. Since progesterone 
concentrations are supposed to remain at 
basal levels throughout the follicular phase 
of the oestrous cycle (22), this observation 
alone could have led to the failure of 
behavioural oestrus in infected does. The 
reason for the high progesterone 
concentration which persisted throughout the 
cycle in infected does is not normal and 
remains unclear. The observation suggests 
that there is a possibility of retained luteal 
tissue which was resistant to luteolysis by 
both endogenous and exogenous luteolysin. 
This is consistent with an earlier report of 
the occurrence of persistent corpora lutea 
following trypanosome infection in the goat 
(25). Tables 3 and 4 also showed reduction 
(P < 0.05) in the concentration of LH in 

infected does compared with control does. 
This observation may indicate reduced 
ovulatory capacity of the ovarian follicles in 
infected does and is consistent with an 
earlier observation (29) in Zebu heifers 
infected with Trypanosoma vivax. Table 5 
showed that infected does had higher (P < 
0.05) oestradiol and progesterone 
concentrations compared with control does. 
If the oestradiol level in infected does 
persisted towards the end of dioestrus, it 
may be sufficient to induce oestrus in a 
subsequent cycle. However, this will be 
possible if the hypothalamo-hypophyseal 
axis as well as the vaginal epithelium would 
be responsive to available level of 
oestradiol. The higher (P < 0.05) 
concentration of progesterone in infected 
does may reflect that the infection had a way 
of preventing luteolysis and the possibility 
of potentiating the activity of the corpus 
luteum. This observation is consistent with 
an earlier report (25). The persistence of 
high levels of progesterone however will 
prevent oestrus because of its inhibitory 
activities on the hypothalamo-hypophyseal 
axis (40).    
The progesterone level during pregnancy is 
presented in Table 6. In both control and 
infected does, increasing concentration of 
progesterone were attained and maintained 
throughout the three trimesters of pregnancy 
but the difference between the two groups at 
every stage was not significant (P > 0.05). 
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Figure 1: Variation in occurrence of abortion observed in the does. 
Trim. 1 inf. = 1st trimester infection (subgroup B), Trim. 2 inf. = 2nd trimester infection 
(subgroup C), Trim. 3 inf = 3rd trimester infection (subgroup C). 
 
The observation that high progesterone 
levels are maintained throughout gestation in 
dwarf goats has been reported (23). 
However, some authors also have reported 
that mean progesterone concentration during 
pregnancy were significantly (P < 0.05) 
lower in trypanosome infected ewes 
compared with control ewes (31) as well as 
in trypanosome infected Boran cows (30). In 
the present study, as shown in Table 6, the 
mean progesterone concentration during 
pregnancy in infected does (44.90 ± 2.32) 
nmol/l was lower compared with similar 
value in control does (45.23 ±  1.84) nmol/l 
but this difference was not significant (P > 
0.05). It appeared from the result that the 
infection had no inhibitory effects on the 
production of progesterone by the corpus 
luteum during gestation which may be 
comparable to the observation during the 
oestrous cycle. The corpus luteum is the 
main source of progesterone in the goat and 
pregnancy can be terminated or parturition 
induced at any stage through intentional or 
accidental administration of luteolysin (34). 
The finding in this study suggests that earlier 
reports on outcome of pregnancy relating to 
abortion and stillbirth in trypanosomosis 

infected animals may not be caused by 
progesterone insufficiency. The association 
between certain symptoms of infertility e.g. 
abortion and trypanosomosis in the goat 
would therefore, with respect to 
progesterone production and as evident from 
this study, require further investigation. 
Following infection during pregnancy, 
abortion was the only obvious reproductive 
sign observed as has been frequently 
reported in trypanosomosis (6, 14, 37). 
Observations with does infected during 1st 
(group B) and 2nd (group ’C’) trimesters 
suggested that does in 2nd trimester were 
more vulnerable to trypanosomosis with 
respect to abortion. This is because 66.7% in 
group ’C’ aborted about 22 days post 
inoculation while only 50% abortion 
occurred between 36-40 days post 
inoculation in group B as shown in figure 1. 
Also, 100% abortion occurred within 46 
days in group B and 32 days in group ’C’ 
post inoculation. The observation with does 
in group ’C’ may be associated with the 
delicate energy balance and the critical 
requirement for nutrients during the second 
trimester of pregnancy (32). The period of 
pregnancy is definitely a period of increased 
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physiological demand on the dam. The 
activity of the placenta increases as the 
gestating animal crosses to the second 
trimester (28). In the goat, the second 
trimester begins from day 50 of gestation to 
day 100. This period corresponds to the 
period of the fetus and is characterized by 
increasing demand on the pregnant dam in 
terms of growth and changes in the form of 
the fetus (17). These factors could have 
contributed to the observation in the study 
where trypanosomosis caused a higher 
percentage of abortion within a shorter 
period of inoculation during the second 
trimester. It is concluded from this study that 
experimental infection with Trypanosoma 
brucei caused fluctuations in the hormone 
titres especially for oestradiol, LH and 
progesterone during the proestrual and 
oestrual stages of the oestrous cycle, and 
abortion to which WAD does were more 
vulnerable during their second trimester. 
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