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1. Introduction
The wide range of body size and weight of nonhuman 
primates plays an important role in the selection of an 
appropriate anaesthetic agent and the dosage of the drug to 
be administered. Primate species differ in their responses 
to certain anaesthetic agents.  Several studies have used 
young nonhuman primates as experimental animal 
models for human paediatric research (1–4). Baboons are 
the largest old world nonhuman primates. Five species 
of baboons (genus Papio) have been identified; four are 
considered savanna baboons and the remaining one is 
referred to as a desert baboon (5). The hamadryas baboon 
(Papio hamadryas) or desert baboon is a common species 
found in many countries including Saudi Arabia, Somalia, 
Ethiopia, and Yemen (5). Weaning begins at 6 months and 
the young become independent at 2 years of age. Males 
and females reach sexual maturity at 4–7 and 4–5 years 
old, respectively (5). Baboons are frequently utilised as 
experimental animal models for a wide variety of research 
in humans such as in studies of coronary heart disease, 

chronic lung disease, atherosclerosis, hypertension, 
osteoporosis, and spinal disorders, and for development 
of HIV and hepatitis C vaccines as well as for neonatal 
research (5–8).  

Injectable anaesthesia is preferred for conducting short-
term experiments with baboons. Ketamine, a short-acting 
dissociative anaesthetic, has a wide margin of safety in 
many species of nonhuman primates and has been used for 
restraining and induction of anaesthesia in various species 
including primates. However, poor muscular relaxation and 
tonic–clonic movements or psychotomimetic emergence 
reactions are associated with ketamine administration 
in nonhuman primates (9–11). Thus, in order to achieve 
complete immobilisation and reduce the undesirable 
effects of injecting ketamine alone, administration of a 
premedication agent in combination with the ketamine 
is recommended. Xylazine (α2 adrenoceptor agonist) 
and diazepam (benzodiazepine agent) have been used 
widely as premedication drugs given with or prior to 
ketamine administration in animals, including nonhuman 
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primates (12–18). The administration of xylazine provides 
the added effects of increased sleep time, good muscle 
relaxation, prevention of voluntary muscle movement, 
and substantial analgesia (19). Diazepam has been used 
in combination with ketamine in hamadryas baboon for 
minor procedures requiring muscle relaxation (16). To 
the best of the authors’ knowledge, the effects of xylazine, 
diazepam, and ketamine have not previously been studied 
using young hamadryas baboons. Therefore, the aim of 
the present study was to evaluate the anaesthetic effects 
of xylazine–ketamine (XK) in young hamadryas baboons 
(Papio hamadryas) and compare them with the effects of a 
diazepam–ketamine (DK) regimen.

2. Materials and methods
The experimental protocol was approved by the Ethics 
Committee (No. 367) for Animal Research of the Scientific 
Research Deanship, Qassim University, Saudi Arabia 
2.1. Hamadryas baboons
Six young male hamadryas baboons (Papio hamadryas) 
were used in this study. These hamadryas baboons were 
considered healthy on the basis of a physical examination. 
Their mean body weight was 3.4 kg (range = 3–3.8) and 
their mean age was 11 months (range = 10–12 months). 
Food (fruits and vegetables) and water were withheld for 6 
h before the beginning of the study. The experiments were 
performed in a temperature-controlled room maintained 
at 25 °C.
2.2. Anaesthesia
Twenty-gauge intravenous catheters (Mais Co., Riyadh, 
Saudi Arabia) were placed in the left or right cephalic vein. 
Combinations of XK and DK were administered with 
a washout period of 10 days between the 2 anaesthetic 
protocols. The hamadryas baboons were first premedicated 
with xylazine HCl (0.5 mg/kg, IM, Rompun 2%, Bayer 
Health Care, Monheim, Germany). Twenty minutes later, 
general anaesthesia was induced with ketamine (10 mg/
kg, IM, ketamine 10%, Alfasan, Woerden, Holland). After 
10 days, the hamadryas baboons were premedicated with 
diazepam (1 mg/kg, IM, Valium, F. Hoffmann La Roche 
Ltd., Basel, Switzerland) and anaesthetised 20 min later 
with ketamine (10 mg/kg, IM).

The onset and duration of anaesthesia were recorded. 
Rectal temperature (RT), respiratory rate (RR), heart rate 
(HR), haemoglobin oxygen saturation (OHS), and mean 
arterial blood pressure (MBP) were measured before and 
20 min after the administration of xylazine or diazepam 
and then every 10 min until recovery. RT was recorded 
using a digital thermometer and respiratory rate was 
counted by watching the movement of either the thoracic 
or the abdominal wall. A pulse oximeter (504DX Digital 
Oximeter, Criticare Systems Inc., Waukesha, WI, USA) 
with a probe attached to the tip of the ear was used to 

assess the concentration of OHS and HR. The values of 
MBP were indirectly measured by oscillometer (Accutorr 
Plus Recorder, Datascope, Datascope Corp., Paramus, 
NJ, USA) using a cuff placed around the arm. The depth 
of anaesthesia was determined by monitoring various 
reflexes including palpebral, corneal, and jaw reflexes. The 
onset time and signs of recovery were determined. 
2.3. Sampling
Cephalic blood samples (approximately 1–1.5 mL) were 
collected from each hamadryas baboon and transferred 
to EDTA- and heparin-containing Vacutainer tubes 
(Venoject, Leuven, Belgium) immediately before and 20 
min after the injection of xylazine or diazepam, 20 and 30 
min after the injection of ketamine, and at the onset of and 
full recovery from anaesthesia. The blood samples with 
EDTA were used to determine the red blood cell (RBC) 
and white blood cell (WBC) counts, differential leucocytic 
counts (dWBC), packed cell volume (PCV), haemoglobin 
concentration (HGB),  haematocrit (HCT), and platelets 
(PLT) using an automated machine (VetScan HM5, 
ABAXIS, Union City, CA, USA). The blood samples with 
heparin were used for measurement of concentrations of 
oxygen (PO2), carbon dioxide (PCO2), pH, sodium (Na), 
potassium (K), calcium (Ca), and lactate immediately in 
venous blood using a blood gas analyser (GEM Premier 
3000, Instrumentation Laboratory Co., Bedford, MA, 
USA). The levels of glucose were measured before and 20 
min after the administration of xylazine or diazepam and 
then every 10 min until recovery. This test was performed 
by using the traditional home blood glucose monitoring 
method, which involved pricking the hamadryas baboon’s 
finger with a lancet, putting a drop of blood on a test strip, 
and then placing the strip into a meter that displays the 
blood glucose level. 
2.4. Statistical analysis
The data were analysed and comparisons were made 
between the two groups with a commercial statistical 
software package (SAS version 8, SAS Institute Inc., Cary, 
NC, USA). A repeated measures analysis of variance 
(ANOVA) was used as the statistical model to evaluate the 
differences over time in the dependent variables, including 
the parameters of physiological and haematological 
functions. Duncan’s test was used to calculate multiple 
comparisons. Results were considered significant at P < 
0.05.

3. Results
The RR was significantly (P < 0.05) depressed in the DK 
hamadryas baboons group (Figure 1A) 10 min following 
ketamine administration. The HR and RT significantly 
decreased (P < 0.01) during anaesthesia in the hamadryas 
baboons belonging to the XK group (Figures 1B and 1C). 
The MBP decreased during anaesthesia in both groups 
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(Figure 1D). The OHS did not significantly (P > 0.2) change 
in either group (Figure 1E). Hyperglycaemia was observed 
after XK administration, but not after DK (Figure 1F) (P < 
0.01). There were significant changes in the levels of PCO2 

between the two groups at 20 min after premedication 
injection (P < 0.05) and 20 min after ketamine injection 
(P < 0.05). In addition, within the DK group, levels of 
PCO2 were significantly increased following diazepam 

Figure 1. Changes in (A) respiratory rate, (B) heart rate, (C) body temperature, (D) mean arterial blood pressure (MBP), 
(E) oxygen haemoglobin saturation (OHS) and (F) glucose in young hamadryas baboons (n = 6) anaesthetised with 
xylazine–ketamine (dotted lines) and diazepam–ketamine (solid lines) at 0 time and 20 min (0, 20 X/D) after xylazine/
diazepam injection and 10, 20, 30, 40, 50, 60, 70, 80, and 90 min after ketamine administration (*indicates significant 
values compared to baseline value (these values were obtained before administration of anaesthetic protocols)).
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and ketamine administration (P < 0.05). Otherwise, no 
significant difference was observed in CBC (Tables 1 and 
2), blood gases, electrolytes, or lactate level (Tables 3 and 
4) between the anaesthesia protocols.

Within 2.5 (±0.4) min following the xylazine injection, 
the animals showed signs of decreased spontaneous 
activity by sitting on the sternum and sometimes lying 
down. Within 2 (±0.5) min of diazepam administration, 
the hamadryas baboons were awake, but with some signs 
associated with ataxic movement (e.g., falling down, lack 
of coordination), minor skin rubbing, and yawning. In 
both groups, within 1.5 (±0.9) min postadministration 
of ketamine, the hamadryas baboons were lying down, 
and the jaw reflex was absent within 3 (±0.6) min. In the 

hamadryas baboons of both groups, palpebral and corneal 
reflexes disappeared 5 (±0.4) min after the administration 
of ketamine (Table 5). The duration of anaesthesia was 40 
(±6) and 34 (±4) min for XK and DK, respectively. 

The first sign of recovery in the XK hamadryas baboons 
appeared 40 (±5) min after the ketamine injection and was 
characterised by movement of the tail.  Subsequently, the 
signs of recovery gradually appeared, with palpebral and 
corneal reflexes returning in 45 (±6) min, moving the head 
while still lying on the ground in 47 (±6) min, raising the 
head in 48 (±2) min, moving the limbs in 50 (±4) min, sitting 
on the sternum in 58 (±6) min, and walking in a creeping 
posture 60 (±5) min after ketamine administration. 
Urination was observed during the recovery period in 3/6 

Table 1. Mean (±SEM) values of complete blood count in young hamadryas baboons (n = 6) after xylazine and ketamine administration.

Time
Parameter

Before
injection (T0)

20 min after xylazine 
injection  (T1)

20 min after ketamine 
injection (T2)

30 min after ketamine 
injection (T3)

At the beginning
of recovery (T4)

At full
recovery (T5)

WBC (×109/L) 9.3 (±0.3) 9.4 (±1.3) 10.7 (±1.7) 9.3 (±1.3) 9.2 (±2.3) 9.3 (±2.6)

Lymphocytes (%) 58.4 (±5.3) 56.7 (±3.6) 55.6 (±2.3) 56.8 (±1.8) 59.3 (±2.6) 57.4 (±3.8)

Monocytes (%) 1.5 (±0.3) 0.9 (±0.4) 1.1 (±0.3) 0.9 (±0.7) 0.6 (±0.3) 0.7 (±0.2)

Neutrophils (%) 39.0 (±3.3) 41.2 (±6.3) 42.1 (±7.6) 41.5 (±10.4) 39.7 (±13.2) 40.4 (±7.9)

Eosinophils (%) 1.1 (±1) 1 (±0.5) 1.2 (±0.5) 0.7 (±0.2) 0.4 (±0.2) 1.4 (±0.4)

Basophils (%) 0 (±0) 0.2 (±0.07) 0 (±0) 0.1 (±0.05) 0 (±0) 0.1 (±0.03)

RBCs (×1012/L) 6.15 (±0.6) 5.9 (±0.8) 5.4 (±0.5) 5.8 (±0.6) 6.51 (±0.8) 6.38 (±0.9)

HGB (g/dL) 12.3 (±1.1) 11.5 (±1.2) 11.1 (±0.9) 12.4 (±1.5) 13.3 (±2.3) 13.8 (±1.7)

HCT (%) 40.9 (± 3) 36.9 (±4.3) 36.6 (±7.2) 37.3 (±5.6) 39 (±6.3) 38.1 (±6.4)

Platelets (×109/L) 461 (±30) 420 (±37) 380 (±39) 340 (±29) 445 (± 32) 456 (± 45)

White blood cell; Red blood cells; Haemoglobin concentration; Haematocrit.

Table 2. Mean (±SEM) values of complete blood count in young hamadryas baboons (n = 6) after diazepam and ketamine administration.

Time
Parameter

Before
injection (T0)

20 min after diazepam 
injection  (T1)

20 min after ketamine 
injection (T2)

30 min after ketamine 
injection (T3)

At the beginning of 
recovery (T4)

At full recovery 
(T5)

WBC (×109/L) 9.4 (±0.3) 9.6 (±1.8) 9.6 (±3.2) 10.2 (±5.2) 11.4 (±3.4) 10.4 (±3.2)

Lymphocytes (%) 60.1 (±5) 56.4 (±7.3) 54.8 (±10) 57.7 (±6) 57.6 (±9.2) 58.2 (±9.6)

Monocytes (%) 1.2 (±2) 0.9 (±0.3) 1.4 (±0.6) 1.1 (±0.3) 1.2 (±0.2) 1.3 (±0.6)

Neutrophils (%) 38.7 (±3) 41.3 (±10.3) 43.5 (±9.2) 40.2 (±7.8) 40.1 (±10.2) 39.5 (±12.2)

Eosinophils (%) 0 (±0) 1.2 (±0.7) 0.2 (±0.1) 1 (±0.6) 1.1 (±0.5) 1.0 (±0.4)

Basophils (%) 0 (±0) 0.2 (±0.1) 0.1 (±0.05) 0 (±0) 0 (±0) 0 (±0)

RBCs (×1012/L) 6.81 (±0.4) 6.51 (±0.3) 5.3 (±1.2) 6.4 (±1.3) 6.7 (±1.2) 6.8 (±1.1)

HGB (g/dL) 12.7 (±0.2) 12.6 (±0.6) 11.6 (±0.4) 12.2 (±3.2) 12.7 (±0.8) 12.7 (±1.5)

HCT (%) 42.8 (±4.2) 37.2 (±3) 31.4 (±7.2) 42.4 (±5.3) 42.5 (±6.3) 42.6 (±3.3)

Platelets (×109/L) 450 (±20) 400 (±30) 300 (±30) 315 (±35) 401 (±30) 405 (±34)

White blood cell; Red blood cells; Haemoglobin concentration; Haematocrit.
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of the hamadryas baboons in the XK group 43 (±7) min 
postketamine injection. Full recovery occurred 91 (±10) 
min after ketamine administration. 

In the DK group, the first sign of recovery was seen 
34 (±6) min after the ketamine injection. This was 
characterised by either moving the head and hands together 

(3/6 hamadryas baboons) or by minor jerking over the 
entire body (3/6 hamadryas baboons). The palpebral and 
corneal reflexes returned 36 (±5) min after the ketamine 
injection. Afterwards, the hamadryas baboons suddenly 
stood up and then fell down while trying to walk 38 (±6) 
min after the ketamine injection. Urination was observed 

Table 3. Mean (±SEM) values of venous blood gases, electrolytes, and lactate in young hamadryas baboons (n = 6) after xylazine and 
ketamine administration.

Time
Parameter

Before
injection (T0)

20 min after xylazine 
injection  (T1)

20 min after ketamine 
injection (T2)

30 min after ketamine 
injection (T3)

At the beginning of 
recovery (T4)

At full
recovery (T5)

pH (mol/L) 7.50 (±0.3) 7.50 (±1.2) 7.52 (±1.0) 7.47 (±1.4) 7.51 (±0.3) 7.51 (±1.1)

PCO2 (mmHg) 23 (±2.6) 25 (±1.6) 21 (±1.3) 30 (±3.5) 21 (±1.6) 22 (±1.8)

PO2 (mmHg) 50 (±20) 53 (±12) 61 (±11) 55 (±15) 53 (±13) 53 (±14)

Na (mmol/L) 148 (±2) 149.5 (±1) 148 (±2) 149 (±0.8) 149 (±0.6) 149 (±1.9)

K (mmol/L) 4.3 (±1) 4.3 (±0.2) 4.4 (±2) 4.1 (±0.7) 4.2 (±0.2) 4.1 (±0.2)

Ca (mmol/L) 0.95 (±0.5) 0.84 (±0.4) 0.93 (±0.5) 1 (±0.1) 0.95 (±0.2) 0.95 (±0.3)

Lactate (mmol/L) 4.3 (±0.2) 3.9 (±0.3) 4.0 (±0.4) 3.7 (±0.3) 3.8 (±0.3) 4.0 (±0.4)

PCO2: Concentration of carbon dioxide; PO2: Concentration of oxygen; Na: Sodium; K: Potassium; Ca: Calcium. Results were considered 
significant at P < 0.05.

Table 4. Mean (±SEM) values of venous blood gases, electrolytes, and lactate in young hamadryas baboons (n = 6) after diazepam and 
ketamine administration.

Time
Parameter

Before injection 
(T0)

20 min after diazepam 
injection (T1)

20 min after ketamine 
injection (T2)

30 min after ketamine 
injection (T3)

At the beginning
of recovery (T4)

At full recovery 
(T5)

pH (mol/L) 7.50 (±0.3) 7.47 (±0.4) 7.47 (±0.5) 7.46 (±0.2) 7.48 (±0.2) 7.50 (±0.5)

PCO2 (mmHg) 24 (±0.5) 35 (±2.3)* 36.5 (±4.2)* 35.3 (±3)* 25.6 (±2.2) 25.2 (±2.6)

PO2 (mmHg) 50 (±12) 47 (±10) 55 (±13) 53 (±10) 53 (±12) 50 (±11)

Na (mmol/L) 149 (±.5) 149 (±1) 148 (±1.2) 148 (±2) 150 (±3.2) 149 (±2.2)

K (mmol/L) 4.3 (±0.2) 4.3(±0.5) 4.3 (±0.3) 4.5 (±1.6) 4.5 (±0.8) 4.4 (±0.7)

Ca (mmol/L) 1 (±0.3) 0.95 (±0.5) 1 (±0.3) 0.95 (±0.4) 0.94 (±0.5) 0.96 (±0.6)

Lactate (mmol/L) 4.4 (±0.6) 3.8 (±0.4) 3.6 (±0.4) 3.5 (±0.3) 3.6 (±0.4) 3.9 (±0.3)

PCO2: Concentration of carbon dioxide; PO2: Concentration of oxygen; Na: Sodium; K: Potassium; Ca: Calcium. Results were considered 
significant at P < 0.05.

Table 5. Parameters of anaesthesia in young hamadryas baboons after administration of xylazine–ketamine and 
diazepam–ketamine.

Parameters of anaesthesia Xylazine–ketamine Diazepam–ketamine

Time of disappearance of jaw reflex 3 (±0.6) min 3 (±0.6) min

Time of disappearance of eye reflex 5 (±0.4) min 5 (±0.4) min

Beginning of recovery 40 (±5) 34 (±6)

Full recovery 91 (±10) min after ketamine injection 60 (±10) min after ketamine injection

Duration of anaesthesia 40 (±6) 34 (±4)
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during recovery in 2/6 hamadryas baboons 40 (± 4) min 
after administration of ketamine. Full recovery occurred 
60 (±10) min after the administration of ketamine.         

Highly significant hyperglycaemia (P < 0.05) was 
observed in all hamadryas baboons when using the XK 
combination and, on the other hand, the administration 
of DK did not significantly (P > 0.05) alter the levels of 
sugar in the blood. A significant elevation (P < 0.05) in 
the concentration of PCO2 was seen in the DK group 
after ketamine administration (Table 4). Otherwise, no 
significant difference was observed in CBC, electrolytes, 
or lactate level between the anaesthesia protocols.

4. Discussion
This study was conducted to analyse the effects of 
anaesthesia with XK and DK on the physiological and 
haemodynamic parameters of young baboons. Baboons 
are frequently used as experimental animal models for a 
wide variety of human research (5–8). In fact, the baboon 
is considered an ideal experimental model because of 
genetic similarity to humans of approximately 89%. They 
have an immune system similar to that of humans and 
are relatively large in size, and thus capable of providing 
ample fluid and tissue samples (7,20). In the present 
study, both XK and DK produced a depth of anaesthesia 
and analgesia in the young baboons sufficient for surgical 
procedures. The duration of anaesthesia was longer (40 
min) and recovery was smoother for XK compared to DK 
(34 min). Minor skin rubbing was observed in baboons 
after the DK regimen was applied. This might be due to 
the intramuscular injection of the diazepam, which is 
usually painful in nonhuman primates (14).     

This study found a significant reduction in the 
respiratory rates of hamadryas baboons in the DK group. 
Respiratory depression has been reported in humans 
following diazepam administration (21–24). In children 
with seizures, the overall incidence of respiratory 
depression following diazepam administration 
intravenously, rectally, or both was 20%, 5%, and 9%, 
respectively (25,26). Respiratory depression has also been 
reported in adult humans following the use of diazepam 
(27). It has been thought that diazepam causes respiratory 
depression due to direct suppression of the central 
respiratory drive (22). In addition, benzodiazepines 
including diazepam exhibit some muscular relaxation 
properties capable of depressing the respiratory muscle 
strength (22) and causing CO2 retention (24). The 
levels of CO2 in the present study were significantly 
higher in the DK group 20 min following diazepam 
and ketamine administration. Even though ketamine 
stimulates respiration in various species, diazepam-
induced respiratory depression might have masked this 
stimulation in the DK group. 

In the XK group, the HR significantly decreased 
20 min after the injection of xylazine.  This study is in 
agreement with other studies using nonhuman primates 
(28) and other species (29–33). It has been reported 
that xylazine-induced bradycardia is associated with 
a decreased outflow of sympathetic nervous system 
impulses to the periphery and with increased vagal 
activity (34). In the present study, the levels of HR 
gradually increased after the administration of ketamine, 
but were not enough to show significant improvement. 
In most species, including hamadryas baboons, the 
administration of ketamine stimulates HR (18,32,35). 
In the present study, the continuous reduction of HR 
encountered in the XK group indicated that xylazine 
overrides the stimulatory effects of ketamine.

Body temperature is regulated by both the central 
and the peripheral thermoregulatory mechanisms. 
The rectal temperature was a reliable, noninvasive 
approximation of the internal core body temperature of 
the young baboons. Hypothermia was observed in both 
groups; however, it was significant in the XK group. 
Similar results have been reported in primates (36) and 
other animals including rats (37,38), rabbits (39), cattle 
(40), and goats (41). Both xylazine and ketamine have 
been reported as producing a hypothermic response 
(17,42–45).  The central control of body temperature 
is located in the hypothalamus, and α-2 agonists-
induced hypothermia is associated with a presynaptic 
inhibition of noradrenaline (46,47). The blockade of 
N-methyl-D-aspartate (NMDA) receptors is credited as 
being the mechanism by which ketamine produces the 
hypothermic response (44,48). Others have suggested 
that ketamine-produced hypothermia is due to the 
release of serotonin in the hypothalamus (49).

Highly significant hyperglycaemia was observed in 
all hamadryas baboons when using the XK combination. 
Xylazine-induced hyperglycaemia has been reported 
previously in various species, including humans (50), 
rhesus hamadryas baboons (51), rats (52), mice (53), 
dogs (54,55), cats (56), horses (57), and cattle (58–60). 
It has been stated that the acute hyperglycaemic effect of 
XK administration is associated with decreased plasma 
levels of insulin, adrenocorticotropic hormone (ACTH), 
and corticosterone and increased levels of glucagon and 
growth hormone (52,61). Recent studies have shown 
that xylazine can cause hyperglycaemia in nonhuman 
primates with no significant alterations in blood insulin 
and glucagon. The stimulation of α2-adrenoceptors and 
subsequent decreasing tissue sensitivity to insulin lead 
to the reduction of tissue glucose uptake and utilisation 
(51). On the other hand, the administration of DK did 
not significantly alter the levels of sugar in the blood.  
In fact, oral diazepam has been used in humans to 
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attenuate the hyperglycaemic response resulting from 
surgical stress (62).  

In conclusion, major complications including 
bradycardia, hypothermia, and hyperglycaemia should be 
considered when anaesthetising young hamadryas baboons 
with a combination of xylazine–ketamine. However, no 
complications other than bradypnea and hypercapnia 
should be expected when immobilising young hamadryas 
baboons with diazepam–ketamine. Therefore, it was 

concluded that anaesthesia using diazepam–ketamine is 
better than that using xylazine–ketamine.     

Acknowledgements
Great appreciation, profound gratitude, and deepest thanks 
are offered to the Department of Veterinary Medicine, 
College of Agriculture and Veterinary Medicine, Qassim 
University, Qassim, Saudi Arabia staff members for 
supporting of the study with funding.

References

1. Asgharian B, Price O, McClellan G, Corley R, Einstein D, Jacob 
R, Harkema J, Carey S, Schelegle E, Hyde D et al. Development 
of a rhesus hamadryas baboon lung geometry model and 
application to particle deposition in comparison to humans. 
Inhal Toxicol 2012; 24: 869-899.

2. Barr CS, Schwandt ML, Newman TK, Higley JD. The use of 
adolescent nonhuman primates to model human alcohol 
intake: neurobiological, genetic, and psychological variables. 
Ann NY Acad Sci 2004; 1021: 221-233. 

3. Voorhies TM, Ehrlich ME, Duffy TE, Carol K, Petito CK, Plum 
F. Acute hyperammonemia in the young primate: physiologic 
and neuropathologic correlates. Pediatr Res 1983; 17: 970-975.

4. Hyvärinen J, Hyvärinen L, Linnankoski I. Modification of 
parietal association cortex and functional blindness after 
binocular deprivation in young hamadryas baboons. Exp Brain 
Res 1981; 42: 1-8. 

5. Bernacky BJ, Gibson SV, Keeling ME, Abee CR. Nonhuman 
Primates. In: Fox JG, Anderson LC, Loew FM, Quimby FW, 
editors.  Laboratory Animal Medicine. 2nd ed. Orlando, FL, 
USA: Academic Press; 2002. pp. 676-891. 

6. Carlsson HE, Schapiro SJ, Farah I, Hau J. Use of primates in 
research: a global overview. Am J Primatol 2004; 63: 225-237.

7. Rogers J, Hixson JE. Baboons as an animal model for genetic 
studies of common human disease. Am J Hum Genet 1997; 61: 
489-493.

8. Lauerman WC, Platenberg RC, Cain JE, Vincent FX. Age 
related disk degeneration: preliminary report of a naturally 
occurring baboon model. J Spinal Disord 1992; 5: 170-174.

9. Green CJ, Knight J, Precious S, Simpkin S. Ketamine alone and 
combined with diazepam or xylazine in laboratory animals: a 
10 year experience. Lab Anim 1981; 15: 163-170.

10. Sainsbury AW, Eaton BD, Cooper JE. Restraint and anaesthesia 
of primates. Vet Rec 1989; 125: 640-643. 

11. Jacobs B, Harris GC, Allada V, Chugani HT, Pollack DB, 
Raleigh MJ. Midazolam as an effective intravenous adjuvant 
to prolonged ketamine sedation in young rhesus (Macaca 
mulatta) and vervet (Cercopithecus aethiops sabaeus) 
hamadryas baboons: a preliminary report. Am J Primatol 1993; 
29: 291-298. 

12. Nolosco TP, Rao GD, William BJ, Prathaban S. Clinical 
evaluation of diazepam-ketamine anaesthetic regimen in 
Macaca radiata (bonnet macaque). Tamilnadu J Vet Anim Sci 
(TNJVAS) 2009; 5: 56-58.

13. Vnuk D, Musulin, A, Kreszinger M, Pecin M, Bata I, Zubcic 
D, Lemo. Balanced anaesthesia in the Capuchin hamadryas 
baboon (Cebus capucinus) – a case report. Vet Arh 2009; 79: 
421-428.

14. Popilskis SJ, Kohn DF. Anaesthesia and analgesia in nonhuman 
primates. In: Kohn DF, Wixson SK, White WJ, Benson GJ, 
editors. Anaesthesia and Analgesia in Laboratory Animals. San 
Diego, CA, USA: Academic Press; 1997. pp. 233-255.

15. April M, Tabor E, Gerety RJ. Combination of ketamine and 
xylazine for effective anaesthesia of juvenile chimpanzees (Pan 
troglodytes).  Lab Anim 1982; 16: 116-117.

16. Woolfson MW, Foran JA, Freedman HM, Moore PA, Shulman 
LB, Schnitman PA. Immobilization of baboons (Papio anubus) 
using ketamine and diazepam. Lab Anim Sci 1980; 30: 902-
904.

17. Naccarato EF, Hunter WS. Anaesthesia effects of various 
ratios of ketamine and xylazine in rhesus hamadryas baboons 
(Macaca mulatta). Lab Anim 1979; 13: 317-319.

18. Banknieder AR, Phillips JM, Jackson KT, Vinal SJ. Comparison 
of ketamine with the combination of ketamine and xylazine 
for effective anaesthesia in the rhesus hamadryas baboons 
(Macaca mulatta). Lab Anim Sci 1978; 28: 742-745.

19. White GL, Cummings JF. A comparison of ketamine and 
ketamine-xylazine in the baboon. Vet Med Small Anim Clin 
1979; 74: 392-394.

20. Moore GT. The breeding and utilization of baboons for 
biomedical research. Lab Anim Sci 1975; 25: 798-801.

21. Clergue F, Desmonts JM, Duvaldestin P, Delavault E, 
Saumon G. Depression of respiratory drive by diazepam as 
premedication. Br J Anaesth 1981; 53: 1059-1063.

22. Forster A, Gardaz JP, Suter P, Gemperle M. Respiratory 
depression by midazolam and diazepam. Anaesth 1980; 53: 
494-497.

23. Jordan C, Lehane JR, Jones JG. Respiratory depression following 
diazepam: reversal with high-dose naloxone. Anaesth 1980; 53: 
293-298.

http://dx.doi.org/10.3109/08958378.2012.725782
http://dx.doi.org/10.3109/08958378.2012.725782
http://dx.doi.org/10.3109/08958378.2012.725782
http://dx.doi.org/10.3109/08958378.2012.725782
http://dx.doi.org/10.3109/08958378.2012.725782
http://dx.doi.org/10.1196/annals.1308.027
http://dx.doi.org/10.1196/annals.1308.027
http://dx.doi.org/10.1196/annals.1308.027
http://dx.doi.org/10.1196/annals.1308.027
http://dx.doi.org/10.1203/00006450-198312000-00009
http://dx.doi.org/10.1203/00006450-198312000-00009
http://dx.doi.org/10.1203/00006450-198312000-00009
http://dx.doi.org/10.1007/BF00235723
http://dx.doi.org/10.1007/BF00235723
http://dx.doi.org/10.1007/BF00235723
http://dx.doi.org/10.1007/BF00235723
http://dx.doi.org/10.1016/B978-012263951-7/50019-3
http://dx.doi.org/10.1016/B978-012263951-7/50019-3
http://dx.doi.org/10.1016/B978-012263951-7/50019-3
http://dx.doi.org/10.1016/B978-012263951-7/50019-3
http://dx.doi.org/10.1002/ajp.20054
http://dx.doi.org/10.1002/ajp.20054
http://dx.doi.org/10.1086/515527
http://dx.doi.org/10.1086/515527
http://dx.doi.org/10.1086/515527
http://dx.doi.org/10.1097/00002517-199206000-00004
http://dx.doi.org/10.1097/00002517-199206000-00004
http://dx.doi.org/10.1097/00002517-199206000-00004
http://dx.doi.org/10.1258/002367781780959107
http://dx.doi.org/10.1258/002367781780959107
http://dx.doi.org/10.1258/002367781780959107
http://dx.doi.org/10.1002/ajp.1350290406
http://dx.doi.org/10.1002/ajp.1350290406
http://dx.doi.org/10.1002/ajp.1350290406
http://dx.doi.org/10.1002/ajp.1350290406
http://dx.doi.org/10.1002/ajp.1350290406
http://dx.doi.org/10.1002/ajp.1350290406
http://dx.doi.org/10.1258/002367782781110133
http://dx.doi.org/10.1258/002367782781110133
http://dx.doi.org/10.1258/002367782781110133
http://dx.doi.org/10.1258/002367779780943314
http://dx.doi.org/10.1258/002367779780943314
http://dx.doi.org/10.1258/002367779780943314
http://dx.doi.org/10.1093/bja/53.10.1059
http://dx.doi.org/10.1093/bja/53.10.1059
http://dx.doi.org/10.1093/bja/53.10.1059
http://dx.doi.org/10.1097/00000542-198012000-00010
http://dx.doi.org/10.1097/00000542-198012000-00010
http://dx.doi.org/10.1097/00000542-198012000-00010
http://dx.doi.org/10.1097/00000542-198010000-00005
http://dx.doi.org/10.1097/00000542-198010000-00005
http://dx.doi.org/10.1097/00000542-198010000-00005


47

ALSOBAYIL et al. / Turk J Vet Anim Sci

24. Stewart RC. Respiratory depression with diazepam. Potential 
complications and contraindications. Anesth Prog 1978; 117-
118.

25. Norris E, Marzouk O, Nunn A, McIntyre J, Choonara I. 
Respiratory depression in children receiving diazepam for 
acute seizures: a prospective study. Dev Med Child Neurol 
1999; 41: 340-343. 

26. Appleton R, Sweeney A, Choonara I, Robson J, Molyneux E. 
Lorazepam versus diazepam in the acute treatment of epileptic 
seizures and status epilepticus. Dev Med Child Neurol 1995; 
37: 683-688.

27. Leppik IE, Derivan AT, Homan RW, Walker J, Ramsey RE, 
Patrick B. Double-blind study of lorazepam and diazepam in 
status epilepticus. J Am Med Assoc 1983; 249: 1452-1454.

28. Reutlinger RA, Karl AA, Vinal SI, Nieser MJ. Effects of 
ketamine HCl-xylazine HC1 combination on cardiovascular 
and pulmonary values of the rhesus macaque (Macaca 
mulatta). Am J Res 1980; 41: 1453-1457.

29. Sumitra M, Manikandan P, Rao KV, Nayeem M, Manohar BM, 
Puvanakrishnan R. Cardiorespiratory effects of diazepam–
ketamine, xylazine–ketamine and thiopentone anaesthesia in 
male Wistar rats: a comparative analysis. Life Sci J 2004; 75: 
1887-1896.

30. Kul M, Koc Y, Alkand F, Ogurtan Z. The effects of xylazine-
ketamine and diazepam-ketamine on arterial blood pressure 
and blood gases in dogs. J Vet Res 2000; 4: 123-132.

31. Moens Y, Fargetton X. A comparative study of medetomidine/
ketamine and xylazine/ketamine anaesthesia in dogs. Vet Rec 
1990; 127: 567-571.

32. Purohit RC, Mysinger PW, Redding RW. Effects of xylazine and 
ketamine hydrochloride on the electroencephalogram and the 
electrocardiogram in the horse. Am J Vet Res 1981; 42: 651-
659.

33. Sanford TD, Colby ED. Effect of xylazine and ketamine on 
blood pressure, heart rate and respiratory rate in rabbits. Lab 
Anim Sci 1980; 30: 519-523.

34. Rand JS, Reynolds WT, Priest J. Echocardiographic evaluation 
of the effects of medetomidine and xylazine in dogs. Aust Vet J 
1996; 73: 41-44.

35. Hsu WH, Lu ZX, Hembrough FB. Effect of xylazine on heart 
rate and arterial blood pressure in conscious dogs, as influenced 
by atropine, 4-aminopyridine, doxapram, and yohimbine.  J 
Am Vet Med Assoc 1985; 186: 153-156. 

36. Bush M, Custer R, Smeller J, Bush LM. Physiologic measures 
of non-human primates during physical and chemical 
immobilization. J Am Vet Med Assoc 1977; 17: 866-869.

37. Mohammed AA, Abdelnabi MA, Modlinski JA. Evaluation of 
anaesthesia and reproductive performance upon diazepam and 
xylazine injection in rats. Anim Sci Pap Rep 2012; 30: 285-292.

38. Livingston A, Low J, Morris B. Effects of clonidine and xylazine 
on body temperature in the rat. Br J Pharmac 1984; 81: 189-
193.

39. Mohammed AA, Sayed MA, Abdelnabi MA. New protocol of 
anaesthesia using thiopental, diazepam and xylazine in white 
New Zealand rabbits. Aust J Basic Appl Sci 2011; 5: 1296-1300.

40. Yadav GU, Thorat MG, Bedarkar SN. Efficacy of xylazine as a 
sedative in cattle. Vet World 2008; 1: 340.

41. DeRossi R, Gaspar EB, Junqueira1 AL, Beretta MP. A 
comparison of two subarachnoid 2-agonists, xylazine and 
clonidine, with respect to duration of antinociception, and 
hemodynamic effects in goats. Small Ruminant Res 2002; 47: 
103-111. 

42. Ponder SW, Clark WG. Prolonged depression of 
thermoregulation after xylazine administration to cats. J Vet 
Pharmacol Ther 1980; 3: 203-207.

43. Afshar FA, Baniadam A, Marashipour SP. Effect of xylazine-
ketamine on arterial blood pressure, arterial blood pH, blood 
gases, rectal temperature, heart and respiratory rates in goats. 
Bull Vet Inst Play 2005; 49: 481-484.

44. Wixson SK, White WJ, Hughes HC, Lang CM, Marshall WK. 
The effects of pentobarbital, fentanyl–droperidol, ketamine–
xylazine and ketamine–diazepam on core and surface body 
temperature regulation in adult male rats. Lab Anim Sci 1987; 
37: 743-749.

45. Lin MT, Chen CF, Pang IH. Effect of ketamine on 
thermoregulation in rats. Can J Physiol Pharmacol 1978; 56: 
963-967.

46. Joubert KE, Briggs P, Gerber D, Gottschalk RD. The analgesic 
and sedative effects of detomidine-butorphanol and detomidine 
alone in donkeys. J S Afr Vet Assoc 1990; 70: 112-118.

47. Hsu W. Effect of yohimbine on xylazine-induced central 
nervous system depression in dogs. J Am Vet Med Assoc 1983; 
182: 698-699.

48. Vučković SM, Savić Vujović KR, Srebro DP, Medić BM, 
Vučetić CS, Prostranc MS, Milica Š, Prostran MS. Synergistic 
interaction between ketamine and magnesium in lowering 
body temperature in rats. Physiol Behav 2014; 127: 45-53.

49. Fahim I, Ismail M, Osman OH. Role of 5-hydroxytryptamine 
in ketamine-induced hypothermia in the rat. Br J Pharmacol 
1973; 48: 570-576.

50. Fyffe J. Effects of xylazine on humans: a review. Aust Vet J 1994; 
71: 294-295.

51. Xiao YF, Wang B, Wang X, Du F, Benzinou M, Wang YJ. 
Xylazine-induced reduction of tissue sensitivity to insulin 
leads to acute hyperglycemia in diabetic and normoglycemic 
hamadryas baboons. BMC Anesthesiol 2013; 13: 1-9.

52. Saha JK, Xia J, Grondin JM, Engle SK, Jakubowski JA. Acute 
hyperglycemia induced by ketamine/xylazine anaesthesia in 
rats: mechanisms and implications for preclinical models. Exp 
Bio Med 2005; 230: 777-784.

53. Brown ET, Umino Y, Loi T, Solessio E, Barlow R. Anaesthesia 
can cause sustained hyperglycemia in C57/BL6J mice. Vis 
Neurosci 2005; 22: 615-618.

http://dx.doi.org/10.1016/j.lfs.2004.05.009
http://dx.doi.org/10.1016/j.lfs.2004.05.009
http://dx.doi.org/10.1016/j.lfs.2004.05.009
http://dx.doi.org/10.1016/j.lfs.2004.05.009
http://dx.doi.org/10.1016/j.lfs.2004.05.009
http://dx.doi.org/10.1111/j.1751-0813.1996.tb09962.x
http://dx.doi.org/10.1111/j.1751-0813.1996.tb09962.x
http://dx.doi.org/10.1111/j.1751-0813.1996.tb09962.x
http://dx.doi.org/10.1111/j.1476-5381.1984.tb10760.x
http://dx.doi.org/10.1111/j.1476-5381.1984.tb10760.x
http://dx.doi.org/10.1111/j.1476-5381.1984.tb10760.x
http://dx.doi.org/10.1016/S0921-4488(02)00253-5
http://dx.doi.org/10.1016/S0921-4488(02)00253-5
http://dx.doi.org/10.1016/S0921-4488(02)00253-5
http://dx.doi.org/10.1016/S0921-4488(02)00253-5
http://dx.doi.org/10.1016/S0921-4488(02)00253-5
http://dx.doi.org/10.1111/j.1365-2885.1980.tb00483.x
http://dx.doi.org/10.1111/j.1365-2885.1980.tb00483.x
http://dx.doi.org/10.1111/j.1365-2885.1980.tb00483.x
http://dx.doi.org/10.1139/y78-153
http://dx.doi.org/10.1139/y78-153
http://dx.doi.org/10.1139/y78-153
http://dx.doi.org/10.1016/j.physbeh.2014.01.006
http://dx.doi.org/10.1016/j.physbeh.2014.01.006
http://dx.doi.org/10.1016/j.physbeh.2014.01.006
http://dx.doi.org/10.1016/j.physbeh.2014.01.006
http://dx.doi.org/10.1111/j.1476-5381.1973.tb08243.x
http://dx.doi.org/10.1111/j.1476-5381.1973.tb08243.x
http://dx.doi.org/10.1111/j.1476-5381.1973.tb08243.x
http://dx.doi.org/10.1111/j.1751-0813.1994.tb03448.x
http://dx.doi.org/10.1111/j.1751-0813.1994.tb03448.x
http://dx.doi.org/10.1177/153537020523001012
http://dx.doi.org/10.1177/153537020523001012
http://dx.doi.org/10.1177/153537020523001012
http://dx.doi.org/10.1177/153537020523001012
http://dx.doi.org/10.1017/S0952523805225105
http://dx.doi.org/10.1017/S0952523805225105
http://dx.doi.org/10.1017/S0952523805225105


48

ALSOBAYIL et al. / Turk J Vet Anim Sci

54. Ambrisko TD, Hikasa Y. Neurohormonal and metabolic effects 
of medetomidine compared with xylazine in beagle dogs. Can J 
Vet Res 2002; 66: 42-49.

55. Goldfine ID, Arieff AI. Rapid inhibition of basal and glucose 
stimulated insulin release by xylazine. Endocrinol 1979; 105: 
920-930.

56. Kanda T, Hikasa Y. Neurohormonal and metabolic effects of 
medetomidine compared with xylazine in healthy cats. Can J 
Vet Res 2008; 72: 278-286.

57. Tranquilli WJ, Thurmon JC, Neff-Davis CA, Davis LE, Benson 
GJ, Hoffman W, Lock TF. Hyperglycemia and hypoinsulinemia 
during xylazine-ketamine anaesthesia in thoroughbred horses. 
Am J Vet Res 1984; 45: 11-14.

58. Brearley JC, Dobson H, Jones RS. Investigations into the 
effect of two sedatives on the stress response in cattle. J Vet 
Pharmacol Ther 1990; 13: 367-377.

59. Eichner RD, Prior RL, Kvasnicka WG. Xylazine-induced 
hyperglycemia in beef cattle. Am J Vet Res 1979; 40: 127-129.

60. Symonds HW, Mallinson CB. The effect of xylazine and 
xylazine followed by insulin on blood glucose and insulin in 
the dairy cow. Vet Rec 1978; 102: 27-29.

61. Saha JK, Xia J, Engle SK, Chen YF, Glaesner W, Jakubowski JA. 
A model of controlled acute hyperglycemia in rats: effects of 
insulin and glucagon like peptide-1 analog. J Pharmacol Exp 
Ther 2006; 316: 1159-1164. 

62. Mohseni G, Ranjbar A, Rezaei M. Oral diazepam effect on 
surgical patient’s postoperative blood sugar. Ann Biol Res 2012; 
3: 4382-4385.

http://dx.doi.org/10.1210/endo-105-4-920
http://dx.doi.org/10.1210/endo-105-4-920
http://dx.doi.org/10.1210/endo-105-4-920
http://dx.doi.org/10.1111/j.1365-2885.1990.tb00791.x
http://dx.doi.org/10.1111/j.1365-2885.1990.tb00791.x
http://dx.doi.org/10.1111/j.1365-2885.1990.tb00791.x
http://dx.doi.org/10.1136/vr.102.2.27
http://dx.doi.org/10.1136/vr.102.2.27
http://dx.doi.org/10.1136/vr.102.2.27
http://dx.doi.org/10.1124/jpet.105.093534
http://dx.doi.org/10.1124/jpet.105.093534
http://dx.doi.org/10.1124/jpet.105.093534
http://dx.doi.org/10.1124/jpet.105.093534

	_GoBack

