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ABSTRACT 

Experiments were performed to evaluate the haematological (erythrocyte and leucocyte 
parameters) response of West African Dwarf goats following oestrus synchronisation 
and superovulation protocol. Twenty-four clinically healthy female goats aged 2.34 ± 
0.4 years and average body weight of   13.83 ± 0.7 kg was used for the experiment. The 
goats were divided into two groups. Group I goats were synchronized using controlled 
internal drug release (CIDR) for 18 days with the first day of insertion as day 0. On day 
16 following CIDR insertion into the vagina, a single dose of 500 IU equine chorionic 
gonadotropin (eCG) was administered to each doe intramuscularly while group II 
served as the control was subjected to the same housing and environmental conditions 
but was not synchronized.Superovulation was induced with porcine follicle stimulating 
hormone (pFSH) which was injected intramuscularly at a rate of 5mg/kg in reducing 
doses twice a day at 06.00 h and 18.00 h for 3 days starting from 48hr i.e., 2 days before 
CIDR removal (day 17). A blood sample of 5 mL was collected by jugular venipuncture 
of each of the goats before the protocol (Day 0) and at the end of the protocol (Day 18). 
All erythrocyte parameters evaluated showed a significantly higher value in group II 
(control) compared to group I post-oestrus synchronisation while total leucocyte count, 
neutrophil count and neutrophil/lymphocyte ratio values obtained after the protocol 
were higher in group I (P < 0.05) compared to group II (control). It was therefore 
concluded that oestrus synchronisation and superovulation may elicit stress in West 
African Dwarf goats and an appropriate antioxidant should be part of the protocol. 
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INTRODUCTION 
 

Goats are multiple litter-bearing 
animals, ovulation and size of litter 
have an important effect on the 
reproductive potentials of this animal. 
The ovulation rate is dependent on the 
physiological status. However, it can 
also be manipulated by a scientific 
method which is termed superovulation 
(Rahman et al., 2008).  

The principle of superovulation is 
based on hormonal therapy aimed at 
harvesting a higher number of oocytes 
than usual. This will ultimately 
improve reproductive performance in 
goats like other livestock. This protocol 
is meant to induce maturation and 
ovulation and enhance the number of 
follicles available for harvest 
(Baldassarreand Karatzas, 2004; 
Rahman et al., 2008). 

Assisted reproductive protocols are 
usually implored in the modern 
agricultural industries to improve the 
quality of livestock genetic makeup and 
improve reproductive efficiency 
(Campbell et al., 2003; Cognie et al., 
2003). In recent times assisted 
reproductive technologies (ARTs) play 
an important role in animal 
reproduction and production. Oestrus 
synchronisation and ovarian 
superovulation already become popular 
ARTs in the goat industry. 
Haematological responses and changes 
usually indicate the status of an animal 
during such protocol (Adah et al., 2021).  

However, there is a paucity of 
information in the literature on the 
haematological responses of goats, 
following controlled internal drug 
release protocol. The findings from this 
study may provide important 
information on variations in the 
haematological indices of goats due to 
controlled internal drug release 
protocol. Furthermore, this study may 
provide the required information that 
could be necessary for the management 
of goats subjected to controlled internal 
drug release protocol.Therefore, the 
present study aimed to evaluate the 
effect of controlled internal drug release 
on haematological indices of the West 
African Dwarf breed of goats. 

 
MATERIALS AND METHODS 

 
Experimental Location 

The experiment was performed in 
the Teaching and Research Farm of the 
Faculty of Veterinary Medicine, 
University of Ilorin, Ilorin, Kwara State, 
Nigeria. Ilorin lies between latitudes 08o 
30’N and 08o 50’N and longitudes 04o 
20’E and 04o 35’E of the Greenwich 
meridian and occupies a land area of 
about 100km2. It experiences two main 
climatic conditions. The rainy season 
begins towards the end of March when 
the tropical maritime air mass is 
prevalent and ends in October, often 
abruptly. The dry season that 
commences with the onset of tropical 
continental air mass is predominant 
between the months of November and 
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February (Ifabiyi, 2011). The mean 
annual total rainfall is 1,200 mm, while 
the monthly temperature in Ilorin is 
uniformly high throughout the year 
ranging from 25oC to 28.9 ºC; the 
relative humidity in the wet season is 
between 75 to 80 % while in the dry 
season it is about 65 % (Ifabiyi, 2011). 
 
Management of Experimental Animals 
and Housing 

Twenty-four clinically healthy 
female goats aged 2.34 ± 0.4 years and 
average body weight of   13.83 ± 0.7 kg 
was used for the experiment. The goats 
were housed in a pen constructed with 
cement blocks and roofed with 
corrugated iron roofing sheets. The 
goats were divided into 2 groups of 
twelve goats each. GroupI goats were 
synchronised while the second group 
which served as control was not 
synchronised. A precondition period of 
one month was allowed; the goats were 
screened for gastrointestinal parasites, 
and those infected were administered 
using albendazole (Jubaili Agrotec, 
Kano, Nigeria) at a dose of 2mg/kg 
body weight with an average body 
condition score of 3. Pregnancy 
diagnosis was performed by 
ballottement and ultrasonography to 
ensure that the goats were not 
pregnant. All the goats were vaccinated 
against pestes des petite ruminant (PPR), 
using the PPR vaccine procured from 
the National Veterinary research 
institute (NVRI) Vom, Plateau State, 
Nigeria. All animals were ear tagged for 

easy identification. The goats were fed 
with grasses, wheat offal, and salt lick. 
Water was provided ad libitum, while 
concentrates were fed in the morning 
and evening. 

 
Experimental Design 

Pre-treatment period: Exactly 5 ml of 
blood was collected every 3 days of 2 
months before hormonal treatment. 
Blood samples were collected by 
jugular venipuncture into sample 
bottles containing the anticoagulant, 
potassium ethylenediaminetetraacetic 
acid (EDTA). 

The blood samples were transported 
to the physiology research laboratory of 
the Faculty of Veterinary Medicine, 
University of Ilorin, Nigeria, in a 
Coleman box for analyses. 

Samples were analysed for 
erythrocyte counts, packed cell volume 
(PCV), haemoglobin concentration and 
leucocyte counts. 
 
Oestrus Synchronisation and 
Superovulation Protocols 

The does were synchronized using 
Controlled Internal Drug Release 
(CIDR) for 18 days with the first day of 
insertion as day 0. On day 16 following 
CIDR insertion into the vagina, a single 
dose of 500 IU eCG was administered to 
each goat intramuscularly.  Then 
superovulation was induced with pFSH 
which was injected intramuscularly at a 
rate of 5mg/kg/doe in reducing doses 
(25, 15, 15, 10 and 10%) i. e. (1.25, 0.75, 
0.75, 0.5 and 0.5 mg) (Rahman et al., 
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2013) twice a day at 06.00 h and 18.00 h 
for 3days starting from 48hr that is 2 
days before CIDR removal (day 17). 

 
Blood Sampling 

A blood sample of 5 mL was 
collected by jugular venipuncture of 
each of the goats before the protocol 
(Day 0) and at the end of the protocol 
(Day 18). The blood samples were 
dispensed into sample bottles 
containing the anticoagulant potassium 
ethylenediaminetetraacetic acid. The 
blood samples were transported to the 
laboratory in a Coleman box containing 
ice and were analysed promptly. 

 
Analyses of Blood Samples 

Erythrocyte count, leucocyte count, 
packed cell volume and haemoglobin 
concentrations were determined using a 
standard veterinary automatic analyser 
(KT-6610 VET, Jiangsu, China). 
 
Evaluation of Erythrocyte Osmotic 
Fragility 

The erythrocyte osmotic fragility of 
the samples was determined using the 
procedure described by Amin et al. 
(2007). Briefly, phosphate-buffered 
sodium chloride stock solutions (pH 
7.4) were prepared in a volume of 500 
mL for each of the samples in five 
different concentrations of 0.1%, 0.3%, 
0.5%, 0.7%, and 0.9%. A set of five test 
tubes were used, and each tube 
contained 5 mL of the corresponding 
NaCl concentration from the stock 
solution. Exactly, 0.02 mL of the blood 

sample was added to each of the tubes. 
The supernatant was poured into a 
glass cuvette and the optical density 
was determined at a wavelength of 540 
nm by using a standard 
spectrophotometer (Spectronic-20, 
Philip Harris Limited, Shenstone, 
UK)by reading the absorbance. 

The percentage of haemolysis was 
calculated as described by Faulkner and 
King (1970) as follows: 

Percentage haemolysis = Optical 
density of test/Optical density of 
standard (distilled water) × 100 %. 
 
Data Analyses 

Data obtained from this study were 
expressed as mean ± SEM and tested for 
normality using the Shapiro–Wilk test. 
Data were found to be normally 
distributed and analysed using the 
student’s t-test. GraphPad Prism 
(version 5.3) software was used for the 
analysis of data. 

 
RESULTS 

 
Table 1 shows the effect of oestrus 

synchronisation and superovulation 
protocol on erythrocyte parameters of 
West African Dwarf goats. The 
erythrocytes count, packed cell volume, 
haemoglobin concentration, mean 
corpuscular haemoglobin and mean 
corpuscular haemoglobin 
concentrations were higher (P < 0.05) in 
group II (control) post-oestrus 
synchronisation than the values 
obtained in group I. 
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Table 1. Pre-treatment and post-treatment values of erythrocyte indices of goats 
subjected to an oestrus synchronosation. Values are expressed as mean ± 
SEM. 

Parameters CT (n = 12) NT (n = 12) 

Erythrocytes Counts× 1012/L) 8.03 ± 1.03a 10.6 ± 4.33b 

Packed cell Volume(%) 43.12 ± 2.89a 34.3 ± 8.33b 

Haemoglobin Concentration (g/dl) 12.14 ± 2.85a 12.06 ± 8.24b 

Mean corpuscular haemoglobin(pg) 39.78 ± 7.33a 44.4 ± 11.41b 

Mean corpuscular volume (fl) 7..78 ± 2.89 7.65 ± 3.32 

Mean corpuscular haemoglobin concentration (g/dl) 30.53 ± 6.41a 36.45 ± 8.87b 

a,b means for the same row having different superscript letters are significantly different 
(P < 0.05). 
NT = goats not synchronised 
CT = goats synchronised 

 
Table 2 shows the effect of oestrus 

synchronisation and superovulation 
protocol on leucocyte parameters of 
West African Dwarf goats. The values 
of total leucocyte count, neutrophil 
count and neutrophil/lymphocyte ratio 

were higher post-oestrus 
synchronisation in group I compared to 
group II (control) (P < 0.05) than the 
values obtained before oestrus 
synchronisation. 

 
Table 2. Pre-treatment and post-treatment values of leucocyte indices of goats subjected 
to an oestrus synchronization. Values are expressed as mean ± SEM. 

Parameters NT (n = 12) CT (n = 12) 

Leucocytes (×109/L) 4.33 ± 0.24a 8.73 ± 0.94b 

 Neutrophil (×109/L) 2.98 ± 0.13a 7.54 ± 2.73b 

Lymphocytes (×109/L) 1.48 ± 0.42  1.93 ± 0.57 

Monocyte (×109/L) 0.17 ± 0.03 0.21 ± 0.02 

Neutrophil/Lymphocyt Ratio 1.91 ± 0.23a 3.91 ± 0.85b 
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a,b means for the same row having different superscript letters are significantly different 
(P < 0.05). 
NT = goats not synchronised 
CT = goats synchronise 
 
 

 
Figure 1 shows the effect of oestrus 

synchronisation and superovulation 
protocol on the Erythrocyte osmotic 
fragility of West African Dwarf goats. 

There was higher haemolysis in group I 
post-oestrus synchronisation and 
superovulation compared to the 
haemolysis in group II (control). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.Erythrocyte Osmotic Fragility of Goats. NT = goat not synchronized; 
CT= goats sunchronised. 
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DISCUSSION 
 

The result obtained in this study shows 
a significant change in some 
haematological parameters in group I 
suggesting that synchronisation 
treatment in the group affected the 
haematological parameters. The 
synchronisation treatment might have 
elicited stress in the group as exogenous 
hormonal treatment elicit a deviation 
from the normal physiological response 
in the body of the goats. with the 
resultant higher erythrocyte count 
recorded in the control group (Paulson 
et al.,  2020). This is because stress is 
capable of resulting in haemolysis 
(Adah et al., 2021). Stress is explained as 
a physiological aberration to 
reoccurring and repeated stressors due 
to the absence of appropriate adaptive 
coping mechanisms extending from 
days to months (Petrowski et al., 2012; 
Won et al., 2016). Stress has been 
reported to cause an increased risk of 
several chronic diseases such as 
cardiovascular disorders, 
gastrointestinal aberrations, abnormal 
blood glucose levels, osteoporosis, 
immunodeficiency, insomnia, and 
chronic pain (Roohafza et al., 2010). 

Oestrus synchronisation and 
superovulation protocol may be a 
source of stress to the animal as 
administration of such hormones will 
alter the natural reproductive 
physiological process in the body of the 
animal (Stadler et al., 2019). 
Haematological indices such as 

erythrocyte count, packed cell volume, 
haemoglobin concentration and 
leucocyte counts are reliable markers of 
stress in animals (Vinodhini and 
Narayanan 2009). Furthermore, 
haematological parameters are widely 
used as a promising indicator of 
physiological changes in animals under 
stress (Kavitha et al.,2010; Ondruska et 
al., 2011). The higher leucocyte and 
neutrophil counts observed in the 
experimental group indicate that the 
synchronisation protocol might have 
stressed them as an increase in their 
counts is an indicator of stress (Chirase 
et al., 2004). The neutrophil-to-
lymphocyte ratio, which is determined 
as a simple ratio between the counts of 
neutrophils and lymphocytes in 
peripheral blood, is a biomarker of 
stress that integrates the innate immune 
response, which is primarily supported 
by neutrophils, and adaptive immunity, 
which is supported by lymphocytes 
(Buonacera etal., 2022). The relatively 
higher ratio in the experimental group 
further gives credence to stress caused 
by the protocol in the group. 

 
 

CONCLUSION 
 

Oestrus synchronisation and 
superovulation protocols may induce 
stress in West African Dwarf goats. It 
was therefore concluded that an 
appropriate antioxidant should be part 
of the protocol.  

 



34 
 

 
 

2023. Adah et al. Open access under CC BY–SA license, doi:10.20473/mkh.v34i1.2023.27-35 
Received: 27-10-2022, Accepted: 01-12-2022, Published online: 08-01-2023 
Available at https://e-journal.unair.ac.id/MKH/index 
 

Adah et al. MKH (2023).27-35 
DOI: 10.20473/mkh.v34i1.2023.27-35 
 

FUNDING INFORMATION 
 

Financial requirements for this 
research were provided by the 
management of the University of Ilorin 
and the authors. 

 
 

CONFLICT OF INTEREST 
 

The authors hereby declare that there 
are no conflicts of interest. Informed 
consent was obtained from all 
individuals that participated in the 
study. 

 
 

ETHICAL APPROVAL 
 

All procedures, protocols and 
methods were under the ethical 
standards of the Ethical committee of 
the University of Ilorin. 
 
 

REFERENCES 
 

Adah, A.S., Ayo, J.O., Rekwot, P.I., 
Aluwong, T. and Adah, D.A. (2021). 
Haematological profiles and 
erythrocyte fragility of Arabian 
stallions subjected to a 2000‑m 
maximal race following 
administration of ergothioneine. 
Comparative Clinical Pathology 
30:641–646. 

Amin, A.S.A., Abdoun, K.A. and 
Abdelatif, A.M. (2007). Seasonal 
Variation in Blood Constituents of 

One-humped Camel (Camelus 
dromedarius). Pakistan Journal of 
Biological Science, 10 (8):1250-1256. 

Baldassarre, H. and Karatzas, C.N. 
(2004). Advanced Assisted 
Reproduction Technologies (ART) in 
Goats. Animal Reproduction Science, 
82 (83):255-266. 

Buonacera, A., Stancanelli, B., Colaci, 
M., and Malatino, L. (2022). 
Neutrophil to Lymphocyte Ratio: 
An Emerging Marker of the 
Relationships between the Immune 
System and Diseases. International 
Journal of Molecular Sciences, 23(7), 
3636. 
https://doi.org/10.3390/ijms230736
36 

Campbell, J.R., Kenealy, M.D. and 
Campbell, K.L. (2003). Animal 
sciences: The Biology, Care, and 
Production of Domestic Animals. 4th 
edition, New York: McGraw-Hill. 

Chirase, N. K., Purdy, C. W., and 
Avampato, J. M. (2004). Effect of 
simulated ambient particulate 
matter exposure on performance, 
rectal temperature, and leukocytosis 
of young Spanish goats with or 
without tilmicosin 
phosphate. Journal of Animal 
Science, 82(4), 1219–1226. 
https://doi.org/10.2527/2004.82412
19x 

Cognie, Y., Baril, G., Poulin, N., and 
Mermillod, P. (2003). Current status 
of embryo technologies in sheep and 
goats. Theriogenology, 59(1):171-188. 

https://doi.org/10.2527/2004.8241219x
https://doi.org/10.2527/2004.8241219x


35 
 

 
 

2023. Adah et al. Open access under CC BY–SA license, doi:10.20473/mkh.v34i1.2023.27-35 
Received: 27-10-2022, Accepted: 01-12-2022, Published online: 08-01-2023 
Available at https://e-journal.unair.ac.id/MKH/index 
 

Adah et al. MKH (2023).27-35 
DOI: 10.20473/mkh.v34i1.2023.27-35 
 

Faulkner, W.R. and King, J.W. (1970) 
Manual of Clinical Laboratory 
Procedures, Cleveland, Ohio. 

Ifabiyi, I.P. (2011). Willingness to pay 
for water at the household level in 
Ilorin, Kwara State, Nigeria. Global 
Journal of Humanities and Social 
Sciences,11(2):1-10. 

Kavitha C, Malarvizhi A, Kumaran SS, 
and Ramesh M. (2010) Toxicological 
effects of arsenate exposure on 
haematological, biochemical and 
liver transaminases activity in an 
Indian major carp, Catla catla. Food 
and Chemical Toxicology, 
48(10):2848–54.  

Ondruska, L., Rafay, J., Okab, A.B., 
Ayoub, M.A., Al-Haidary, A.A., 
Samara, E.M., Parkanyi, V., 
Chrastinova, L., Jurcik, R., Massanyi, 
R., Lukac, N., and Supuka, P. (2011) 
Influence of elevated ambient 
temperature upon some 
physiological measurements of New 
Zealand White rabbits. Veterinary 
Medicine (Praha), 56(4): 180–186. 

Paulson, R.F., Ruan, B., Hao, S. and 
Chen, Y. (2020). Stress Erythropoiesis 
is a Key Inflammatory 
Response. Cells, 9(3):634.  

Petrowski, K., Paul, S., Albani, C. and 
Brahler, E. (2012) Factor structure 
and psychometric properties of the 
trier inventory for chronic stress 
(TICS) in a representative German 
sample. BMC Med Res Methodol, 
12:42. 

Rahman, A.N.M.A., Abdullah, R.B. and 
Wan-Khadijah, W.E. (2008). Oestrus 
Synchronisation and Superovulation 
in Goats: A Review. Journal of 
Biological Science, 8:1129-1137. 

Rahman, M., Rahman, M.W., Khadijah, 
W.W. and Abdullah, R.B. (2014). 
Follicle-stimulating hormone (FSH) 
dosage based on body weight 
enhances ovulatory responses and 
subsequent embryo production in 
goats. Asian-Austral Journal of 
Animal Science, 27(9), 1270. 

Roohafza, H., Talaei, M., Sadeghi, M., 
Mackie, M. and Sarafzadegan, N. 
(2010). Association between acute 
and chronic life events on acute 
coronary syndrome: a case-control 
study. Journal of Cardiovascular 
Nursing, 25: E1–7. 

Stadler, A., Weidlinger, S. and Stute, P. 
(2019). Impact of endogenous and 
exogenous progesterone exposure on 
stress biomarkers: a systematic 
review. Climacteric, 22(5):435-441. 

Vinodhini, R. and Narayanan, M. 
(2009). The impact of toxic heavy 
metals on the haematological 
parameters in common carp 
(Cyprinuscarpio L.). Iranian Journal of 
Environmental Health Science and 
Engineering, 6: 23-28. 

Won, E., and Kim, Y. K. (2016). Stress, 
the Autonomic Nervous System, and 
the Immune-kynurenine Pathway in 
the Etiology of Depression. Current 
Neuropharmacology, 14(7), 665–673.

  

https://www.tandfonline.com/icmt20

	Stadler, A., Weidlinger, S. and Stute, P. (2019). Impact of endogenous and exogenous progesterone exposure on stress biomarkers: a systematic review. Climacteric, 22(5):435-441.

