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Anaesthesia was induced in West African Dwarf (WAD) goats using different combinations of propofol (P), xylazine (X), and
ketamine (K), and the biochemical effect of the drugs determined. Twenty male (WAD) goats were randomly assigned to five
treatment groups viz. Control (C) (2.5mL IV normal saline); group K + X (5mg/kg IV ketamine + 0.05mg/kg IV xylazine), group
P + X (5mg/kg IV propofol + 0.05mg/kg IV xylazine), group P + K (propofol 5mg/kg IV + ketamine 5mg/kg IV), and group P
+ K + X (propofol 2.5mg/kg IV + ketamine 2.5mg/kg IV + xylazine 0.05mg/kg IV), respectively. There was increase (𝑃 < 0.05)
in blood glucose in K + X, P + X and P + K + X. The serum cortisol level increased (𝑃 < 0.05) in all groups except in P + X. ALT
value increased (𝑃 < 0.05) in K + X, P + K, and P + K + X. BUN increased (𝑃 < 0.05) in K + X but decreased (𝑃 < 0.05) in P
+ K + X. There was no significant variation (𝑃 > 0.05) in serum creatinine. These biochemical changes were transient. P + K +
X would be the best drug combinations considering the biochemical parameter measured. However, data on blood glucose, ALT,
BUN, and cortisol levels in an anaesthsized goat should be interpreted with caution in order to avoid erroneous interpretation in
these animals.

1. Introduction

In Southeastern part of Nigeria, West African Dwarf (WAD)
goats are the most common type of goat rear for economic
purposes, hence necessitating serious attention on the health
status of the animal. Anaesthetic/sedatives play significant
role in both human and animal during surgery especially in
painful procedures.

Propofol is a phenolic compound that has good qual-
ity anaesthesia, rapid onset, and short duration of action
with rapid recoveries [1]. It lacks analgesic property and is
combined with xylazine, an alpha-2-adrenoceptor agonist
which has analgesic, sedative, and muscle relaxant effect,
for painful procedure. Xylazine may produce cardiovascular
and respiratory depression, temporal hyperglycemia in goats
and cattle [2], and diuresis [3]. Ketamine is a dissociative
anaesthetic agent that has profound analgesia and produces
stable hemodynamic effects during anaesthesia [4].

Blood glucose is stable in ruminant most of the time
because instead of being directly absorbed from the gut it
is mainly derived by gluconeogenesis [5]. However, Eriks-
son and Teravainen [5] reported decrease in blood glucose
concentration, following morning feeding of hay after which
prefeeding level was restored within 2.5 hours.

Cortisol secretion increases in response to any stress
in the body such as illness, trauma, surgery, temperature
extremes, and transportation [6, 7]. Cortisol may improve
the stress response by energy mobilization and behavioral
changes [8]. The anaesthetic drugs can inhibit the release of
cortisol and decrease the cortisol level in the blood [9, 10].

Alanine aminotransferase (ALT) is a liver specific hepa-
tocellular enzyme in dog, cat, primate, and mice but not of
mature horses, sheep, pigs, or cattle, as their livers do not
contain significant level [11].

Blood urea nitrogen (BUN) levels may be significantly
altered by protein catabolism, protein synthesis, or both [12].
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Creatinine excretion is constant in the absence of disease and
less affected by change in diet [13, 14].

The objective was to determine the possible biochemical
effects of xylazine, propofol, and ketamine in WAD goats,
ascertain the level of deviation from normal biochemical
parameters of the animal, and establish biochemical profile
of anaesthetized WAD goats in order to avoid erroneous
interpretations when a normal blood test is analyzed in such
animals.

2. Material and Methods

The university veterinary medical ethical committee
approved this study. Twenty healthy male goats aged
between 7 and 9 months were used for the study. The
goats were randomly divided into four goats per a pen and
kept at normal environmental temperature and natural
light/darkness daily cycle. They were fed with freshly cut
grasses and allowed to graze in the field under controlled
tittering. Water was also served ad libitum. Clinical
examination and physiological parameters such as heart rate,
rectal temperature, and respiratory rate were taken regularly
throughout the period of acclimatization which lasted for 21
days.

Animals were randomly assigned into five treatment
groups. Group C was treated with (2.5mL IV) normal saline.
GroupK+Xwas treatedwith ketamine (Laborate Pharmaceu-
tical, India) given at 5mg/kg with xylazine (Kepro Holland)
at 0.05mg/kg. Group P + X was treated with propofol (Pofol
Popular Infusion, Ltd., Tongi, Bangladesh) given at 5mg/kg
with xylazine at 0.05mg/kg. Group K + P was treated with
propofol at the dosage of 5mg/kg with ketamine at 5mg/kg,
while group P+K+X was treated with propofol at 2.5mg/kg
and ketamine at 2.5mg/kg with xylazine at 0.05mg/kg. The
drugs were administered intravenously (IV) through the
jugular vein. Blood samples were collected before anaesthesia
at time (𝑡

0
) and then at 30min following induction and 2

hours and 24 hours after anaesthetic recovery. About 2.5mL
of blood collected was placed into non-EDTA test tube and
allowed to clot and serum harvested for biochemistry. Serum
cortisol levels in the experimental goat were carried out
using cortisol Elisa kit with serial number E1A-1887 (DRG
Diagnostic, DRG instrument GMBH, Murbarg, Germany).
The procedure was carried out according to the company’s
specifications (DRG diagnostic user’s manual, 2006). Serum
ALT, BUN, and creatinine were measured by autoanalyser
(BT-3000 Biotecnica, Italy). The blood glucose concentra-
tions were measured using a hand-held glucose meter (Accu-
Chek, Roche Diagnostics Auckland, New Zealand). The
values obtained were expressed in mg/dL of the blood. The
experiments were conducted consistently in the morning,
from 7 a.m. to 11 a.m. GMT, daily.

3. Statistical Analysis

Data were expressed as mean ± standard error of four goats
in each group. The means were compared using analysis of

variance (ANOVA). A probability value less than or equal to
0.05 (𝑃 ≤ 0.05) was considered significant in all cases.

4. Result

Blood glucose at different anaesthetic periods in different
groups is shown in Table 1. The values significantly increased
(𝑃 < 0.05) at 30min after anaesthetic induction in all
the groups when compared to the preinduction values and
control group. Significant increase (𝑃 < 0.05) was also
recorded at 2 hours after anaesthetic recovery in groups K+X,
P + X, and P + K + X and 24 hours after recovery in group
K + X. The significant increase (𝑃 < 0.05) was highest in
groups K +X and P +X at 30min after anaesthetic induction
when compared to other treated groups while at 2 hours after
recovery it was significantly higher (𝑃 < 0.05) in groups K+X
and P + K + X when compared to the other groups.

The serum cortisol level (Table 1) significantly decreased
(𝑃 < 0.05) at 30min after induction in group P + X only.
However, significant (𝑃 < 0.05) increase at 2 hours after
anaesthetic recovery was observed in groups K + X, P + K,
and P +K +X.This increase remained significant at 24 hours
in group P + X when compared to preinduction values and
control group. The significant increase (𝑃 < 0.05) was higher
in groups K+X and P+K+X at 2 hours after recovery when
compared to other treated groups.

SerumALT levels (𝑃 < 0.05) increased at 2 hours in group
K + X and at 24 hours in groups P + K and P + K + X after
recovery, respectively.

BUN levels increased (𝑃 < 0.05) in group K + X but
significantly decreased (𝑃 < 0.05) in group P + K + X at 30
minutes after induction.

Therewas no significant variation (𝑃 > 0.05) in creatinine
level in all the groups (Table 1).

5. Discussion

The results of this experiment showed that blood glucose
level significantly increased (𝑃 < 0.05) in all groups at 30
minutes after induction. This may be regarded as a stress
response [15]. However, it might have been probably caused
by hyperglycemic effect of ketamine and xylazine [16, 17].
Xylazine has been reported to cause temporal hyperglycaemia
in cattle and goats [2]. The elevation in the blood glucose
may be a transient effect of the anaesthetics because the blood
glucose values returned to the preinduction values at 24 hours
after recovery in all groups except in group K + X. It may be
as a result of hyperglycemic effect of ketamine and xylazine.

Serum cortisol level was significantly low in group P +
X at 30 minutes after induction which may have resulted
from the suppression of production and release of cortisol
in the blood. This can be attributed to the suppressive and
inhibitory action of propofol and xylazine on the adrenal
steroidogenesis [18, 19]. Sharif and Abouazra [17] reported
that pretreatment of goat with xylazine suppressed cortisol
concentration induced by transportation. Our results show
that the administration of P + X inhibited the corticoadrenal
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Table 1: Mean (±SEM) of different biochemical parameters in goats following intravenous administration of different anaesthetic
combinations.

Parameter C K + X P + X P + K P + K + X
Blood glucose (mg/dL)

0min 58.06 ± 0.62 57.52 ± 0.91 57.55 ± 1.01 58.10 ± 1.24 58.10 ± 1.24
30min 60.6 ± 1.93 99.68 ± 4.01

∗b
81.20 ± 1.37

∗a
106.73 ± 3.73

∗b
79.13 ± 4.20

∗a

2 hr 60.75 ± 3.21 95.40 ± 3.40
∗b

67.10 ± 3.38
∗a 57.75 ± 3.30 86.11 ± 3.65

∗b

24 hr 59.66 ± 1.64 78.92 ± 3.63
∗a

57.05 ± 2.30 61.12 ± 4.20 58.85 ± 1.65
Cortisol (ng/mL)

0min 33.91 ± 1.38 34.35 ± 2.87 34.08 ± 3.12 31.61 ± 6.17 34.15 ± 5.43
30min 32.25 ± 4.25 26.31 ± 8.94 12.93 ± 3.27

∗a 21.28 ± 5.26 19.25 ± 4.25
2 hr 32.83 ± 6.31 102.11 ± 15.99

∗a 24.78 ± 5.59 61.72 ± 7.57
∗

79.25 ± 11.58
∗a

24 hr 35.01 ± 5.36 57.20 ± 14.68 63.46 ± 7.33
∗a 29.54 ± 8.55 28.72 ± 7.53

ALT (iu/L)
0min 13.90 ± 0.90 15.24 ± 0.57 14.29 ± 0.43 14.82 ± 0.55 15.38 ± 0.72
30min 14.05 ± 0.42 14.47 ± 1.05 14.36 ± 0.26 13.40 ± 1.38 13.40 ± 1.41
2 hr 14.16 ± 0.59 17.40 ± 1.21

∗a 12.28 ± 1.68 13.47 ± 0.93 15.29 ± 0.27
24 hr 13.98 ± 0.29 13.50 ± 1.96 13.52 ± 2.48 20.00 ± 0.51

∗a
24.19 ± 1.61

∗a

Urea (mg/dL)
0min 32.73 ± 1.05 35.63 ± 1.72 36.13 ± 1.95 31.31 ± 1.95 33.13 ± 2.73
30min 36.14 ± 3.93 43.86 ± 1.93

∗b 32.72 ± 1.95 35.15 ± 1.74 21.90 ± 1.66
∗a

2 hr 38.24 ± 3.96 38.37 ± 5.00 38.12 ± 2.09 33.97 ± 1.42 35.61 ± 1.61
24 hr 35.52 ± 2.13 30.84 ± 2.09 34.66 ± 1.73 32.01 ± 2.45 36.28 ± 2.13

Creatinine (mg/dL)
0min 1.54 ± 0.14 1.72 ± 0.05 1.43 ± 0.96 1.72 ± 0.09 1.68 ± 0.11
30min 1.59 ± 0.04 1.55 ± 0.02 1.60 ± 0.06 1.60 ± 0.04 1.59 ± 0.06
2 hr 1.60 ± 0.03 1.72 ± 0.05 1.59 ± 0.12 1.65 ± 0.07 1.63 ± 0.03
24 hr 1.46 ± 0.02 1.53 ± 0.04 1.58 ± 0.07 1.57 ± 0.05 1.61 ± 0.08

∗Data in the same column differ significantly (𝑃 < 0.05) from the preanaesthetic value (time 0).
a,bResults with different superscripts within row are significantly (𝑃 < 0.05) different.
C: control group, K + X: ketamine + xylazine, P + X: propofol + xylazine, P + K: propofol + ketamine, and P + K + X: propofol + ketamine + xylazine.

function in WAD goats, denoted by a decrease of serum
glucocorticoid levels. However there was surge in the cortisol
concentration at 2 hours after recovery in groups K + X,
P + K, and P + K + X when the effect of the anaesthetic
must have waned [20]. The elevation in the serum cortisol
may be due to effect of ketamine in the combinations used.
The result is in accordance with previous studies on ketamine
anaesthesia [21, 22]. Cortisol release may have been triggered
by the sympathomimetic effect of ketamine [22, 23]. Also
ketamine may exert its antagonistic effect on the N-methyl
D-aspartate (NMDA) receptors which are involved in the
physiologic pulsatile regulation of hormone release from the
hypothalamopituitary axis [22].

An increase in serum ALT was observed in groups K+X,
P + K, and P + K + X after recovery. A similar increase in
serum ALT concentration following the administration of
ketamine-xylazine in rabbit has been reported [24]. Xylazine
is a commonly used sedative in ruminants but there are
concerns about the threat of hypoxaemia associated with its
use in small ruminants [25]. It is possible that hypotension
in combination with hypoxemia [24, 26, 27] may have caused
the release of these enzymes from the heart muscles or liver.

Decreases in the serum BUN levels were observed
following the administration of P + K + X and P + X,

respectively. The observed decrease may be as a result of
increase in renal function in response to the elimination of
these drugs. However, there was no significant variation in
creatinine concentration.

An increase in serum BUN levels was observed at 30min
after induction following the administration of K + X. The
increase in serum BUN levels has been reported after K +
X administration in rabbit [24, 26]. Ketamine can reduce
renal cortical blood flow and urine output [28] and, hence,
decreases glomerular filtration rate and increases plasma
BUN and creatinine levels [24].

6. Conclusion

It may be concluded that the use of K + X may lead to
temporal hyperglycemia. The changes in serum BUN, ALT,
and creatinine observed after induction of the anaesthetics
might be related to possible mild and transient effect of the
anaesthetics on the renal function rather than pathological
conditions. However, P + K + X would be the best drug
combinations taking into account biochemical parameter
measured. Nevertheless, anerroneous interpretation may
arise from data on blood glucose, ALT, BUN, and cortisol
level in an anaesthetized goat when a normal blood test is
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done in such animal due to the effect of anaesthetics on the
parameters. Therefore, such data should be interpreted with
caution or the blood test should be done after 24 hours after
recovery.
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[8] A. Schmidt, S. Hödl, E. Möstl, J. Aurich, J. Müller, and C.
Aurich, “Cortisol release, heart rate, and heart rate variability
in transport-naive horses during repeated road transport,”
Domestic Animal Endocrinology, vol. 39, no. 3, pp. 205–213, 2010.

[9] R. J. Fragen,H.W.Weiss, andA.Molteni, “The effect of propofol
on adrenocortical steroidogenesis: a comparative study with
etomidate and thiopental,” Anesthesiology, vol. 66, no. 6, pp.
839–842, 1987.

[10] A. A. Sanhouri, R. S. Jones, and H. Dobson, “Effects of xylazine
on the stress response to transport in male goats,” British
Veterinary Journal, vol. 148, no. 2, pp. 119–128, 1992.

[11] L. A. Nagode, W. J. Frajok, and W. F. Leoh, “Enzyme activites
of canine tissues,”The American Journal of Veterinary Research,
vol. 27, pp. 1385–1893, 1966.

[12] R. R. Fox, “Clinical chemical studies applicable to laboratory
animal species and their interpretation in the rabbit,” in The
Clinical Chemistry of Laboratory Animals, W. F. Loeb and F. W.
Quimby, Eds., pp. 41–47, Pergamon Press, New York, NY, USA,
1989.

[13] B. M. Bush, Interpretation of Laboratory Results of Small Animal
Clinics, Blackwell Acientific Publication, London, UK, 1991.

[14] M. Cheesbrough, “Haematologic test,” in District Laboratory
Practice in Tropical Countries (Part 5), pp. 267–347, Cambridge
University Press, Cambridge, UK, 2004.

[15] M. Singh, “Stress response and anaesthesia: altering the peri and
post operative management,” Indian Journal of Anaesthesia, vol.
47, no. 6, pp. 427–434, 2003.

[16] J. K. Saha, J. Xia, J.M.Grondin, S. K. Engle, and J. A. Jakubowski,
“Acute hyperglycemia induced by ketamine/xylazine anesthesia

in rats: mechanisms and implications for preclinical models,”
Experimental Biology and Medicine, vol. 230, no. 10, pp. 777–
784, 2005.

[17] S. I. Sharif and H. A. Abouazra, “Effect of intravenous ketamine
administration on blood glucose levels in conscious rabbits,”
The American Journal of Pharmacology and Toxicology, vol. 4,
no. 2, pp. 38–45, 2009.

[18] A. Lambert, R. Mitchell, andW. R. Robertson, “Effect of propo-
fol, thiopentone and etomidate on adrenal steroidogenesis in
vitro,”The British Journal of Anaesthesia, vol. 57, no. 5, pp. 505–
508, 1985.

[19] A. Rizk, S. Herdtweck, H. Meyer, J. Offinger, A. Zaghloul,
and J. Rehage, “Effects of xylazine hydrochloride on hormonal,
metabolic, and cardiorespiratory stress responses to lateral
recumbency and claw trimming in dairy cows,” Journal of the
American Veterinary Medical Association, vol. 240, no. 10, pp.
1223–1230, 2012.

[20] G.Kostopanagiotou, K.Kalimeris, K. Christodoulaki et al., “The
differential impact of volatile and intravenous anaesthetics on
stress response in the swine,” Hormones, vol. 9, no. 1, pp. 67–75,
2010.

[21] K. L. Bentson, J. P. Capitanio, and S. P. Mendoza, “Corti-
sol responses to immobilization with Telazol or ketamine in
baboons (Papio cynocephalus/anubis) and rhesus macaques
(Macaca mulatta),” Journal of Medical Primatology, vol. 32, no.
3, pp. 148–160, 2003.

[22] M. H. El-Daharawy, I. E. Helal, M. S. Mohammed, S. Saleh, and
M.A.Awad, “Clinical and biochemical effects of lidiocaineHCl,
ketamine HCl, and their combination for posterior epidural
analgesia in buffaloes,” Suez Canal Veterinary Medicine Journal,
vol. 13, no. 1, pp. 305–317, 2008.

[23] E. Willems, U. Knigge, H. Jørgensen, A. Kjær, and J. Warberg,
“Effect of blockade of postsynaptic H1 or H2 receptors or acti-
vation of presynaptic H3 receptors on catecholamine-induced
stimulation of ACTH and prolactin secretion,” European Jour-
nal of Endocrinology, vol. 142, no. 6, pp. 637–641, 2000.
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