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ABSTRACT

This study was carried to compare the effects of ketamine and xylazine-ketamine 
combination on clinical and haematobiochemical parameters in captive rhesus 
monkey. The animals were divided into two groups; one ketamine (K) group and 
other xylazine-ketamine (XK) group. In ketamine group (n=6) atropine sulphate and 
ketamine was used intramuscularly at the rate of 0.04 mg/kg body weight and 10 mg/
kg body weight respectively. In xylazine-ketamine group (n=3) xylazine and ketamine 
was used intramuscularly at the rate of 1 mg/kg body weight and 5 mg/kg body 
weight respectively. Blood samples were collected immediately after induction and 
30 min after induction in both groups. Effects of anaesthetics on haematological and 
biochemical parameters such as TEC, TLC, Hb, PCV, DLC, serum cholesterol, serum 
triglyceride, HDL and LDL and clinical parameters such as rectal temperature, heart 
rate, respiration rate, muscle relaxation, jaw tone, pedal refl ex, palpebral refl ex and 
position of eye ball were studied. Rectal temperature was signifi cantly lower (P<0.01) 
in group XK than in group K. Heart rate was signifi cantly higher (P<0.01) in group 
K than in group XK. Respiratory rate was lower in group K than in group XK but it 
was nonsignifi cant (P>0.05). Hb and PCV level was signifi cantly lower (P<0.05) in 
group XK than group K. TEC and TLC was higher in group K than in group XK but 
it was nonsignifi cant (P>0.05). Neutrophil and Eosinophil was higher in group XK 
than in group K but it was nonsignifi cant (P>0.05). Lymphocyte was lower in group 
XK than in group K but it was nonsignifi cant (P>0.05). Monocyte was signifi cantly 
lower (P<0.05) in group XK than in group K. Serum cholesterol was higher in group 
XK than in group K but it was nonsignifi cant (P>0.05). Serum triglyceride and LDL 
was signifi cantly higher (P<0.05) in group XK than in group K. HDL was lower in 
group XK than in group K but it was nonsignifi cant (P>0.05). Smooth induction was 
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found in group XK and duration of anaesthesia was longer in group XK whereas 
smooth recovery was found in group K but duration of anaesthesia was shorter. 
Muscle relaxation was excellent in group XK in comparison to group K. It can be 
suggested from the results of this study that for shorter duration of anaesthesia only 
ketamine can be used but for longer duration, xylazine-ketamine combination will be 
appropriate.  
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INTRODUCTION

Monkeys are wild animals that belong to order primates. They are abundantly found 
in forests all over the world. Besides forest, they are also found in temple areas and 
human residents where plenty of trees are present. They are also kept captive in zoo 
as an important zoo animal. They are said to be ancestor of human beings. Their 
genetic property is very close to human beings, chimpanzee and gorilla (Patterson et 
al., 2006). In Hindu religion monkey is regarded as symbol of god Hanuman (Jones 
and Ryan, 2006).

Ketamine hydrochloride is widely used anaesthetic in wild animals. It is used 
alone or in combination with various sedatives and tranquilizers such as xylazine 
hydrochloride, diazepam, medetomidine (Naccarato and Hunter, 1979). The addition 
of xylazine increases the duration of anaesthesia. Ketamine is the drug of choice 
when animal has to be sedated prior to fasting in emergency cases such as accidents 
and animal bites. Other anaesthetics such as thiopentone and propofol are used 
intravenously once the animal becomes calm/ sedated. Once the animal is sedated, 
inhalant anaesthetics such as methoxyfl urane, halothane, isofl urane and sevofl urane 
are used for maintenance. Xylazine is used as a sole agent for minor diagnostic 
procedures or manipulative procedures. Xylazine is used for short procedures to 
make the animal calm and safe. It is used as preanaesthetic sedative prior to local, 
regional or epidural anaesthesia. It is combined with opoids to produce profound 
sedation and analgesia (Paddleford, 1999). 

Common surgical affections found in monkeys are wounds (incised wounds, biting 
wounds, lacerated wounds, and traumatic wounds), fracture (closed or open), lameness 
due to several causes. Sedation are used for various purposes like; to stitch or dress 
the wound, to correct fracture, lameness or for other procedures such as physical 
examination, blood collection, transportation from one place to another. For safety of 
handlers also, anaesthesia is required. Monkey is diffi cult to handle and may cause 
severe injury to the handler and other persons around. When used under laboratory 
conditions, these animals produce unique hazards to handlers, particularly zoonotic 
infection (Young et al., 1999). Proper anaesthesia reduces the physiological stress of 
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the animals also. Keeping all these things in mind, this study was undertaken to fi nd 
out a good anaesthetic or anaesthetic combinations and their effects on monkey to 
carry out minor or major surgical/ clinical procedures safely. The objectives of this 
study include to compare the effects of ketamine and xylazine-ketamine combination 
for anaesthesia in monkeys and to know the effects of these anesthetics on haemato-
biochemical parameters such as complete blood cell count (CBC), serum cholesterol, 
triglycerides, high density lipoprotein (HDL) and low density lipoprotein (LDL) and 
clinical parameters such as rectal temperature, heart rate, respiration, pedal refl ex, 
palpebral refl ex, jaw tone and muscle relaxation.

MATERIALS AND METHODS

The experiment was done in Bangladesh National Zoo, Mirpur-1, Dhaka during the 
period of January to May 2017. Nine apparently healthy monkeys were chosen for 
experiment.  In one group there were six monkeys and in other group there were 3 
monkeys. Their age ranged from 2-8 years and weight ranged from 4-12 kg. Monkeys 
of either sex (male or female) were used. They were housed in well ventilated tin 
shed having concrete fl oor. They had ad libitum access to food and water. In zoo, they 
were given bread, fruits, eggs, vegetables, ground nuts and grams about 1.5 kg food/ 
animal/ day. The experimental animals were divided into 2 groups.

a) Ketamine (K) Group

In this group there were 6 animals. Atropine sulphate was used as preanaesthetic at 
the rate of 0.04 mg/kg body weight and ketamine was used as anaesthetic agent at the 
rate of 10 mg/kg body weight intramuscularly (IM).

b) Xylazine-Ketamine (XK) Group

In this group there were 3 animals. Xylazine was used as sedative at the rate of 1mg/
kg body weight and ketamine was used as anaesthetic at the rate of 5 mg/kg body 
weight intramuscularly (IM).

Experimental procedure

The monkeys in squeeze cage were used in ketamine group (K) and the monkeys in 
shed were used for xylazine-ketamine group (XK). In ketamine (K) group, ketamine 
HCl (G-Ketamine

®
, 50mg/ ml, Gonoshasthaya Pharmaceuticals Ltd, Bangladesh) 

and atropine sulphate (Atrovet, 1mg/ ml, Techno Drugs Ltd., Bangladesh) was given 
intramuscularly by squeezing the animal in squeeze cage. Animal was taken out 
from the cage when they were recumbent on fl oor. In xylazine-ketamine (XK) group 
xylazine and ketamine was drawn in a single syringe and monkeys were darted in 
their shed by using blow pipe. The animals were taken out of the shed when they 
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were recumbent on the fl oor.

In both the groups after the animals were anaesthetized and safe to handle, clinical 
parameters were taken. Rectal temperature was taken with mercury thermometer; 
heart rate was taken by auscultating with stethoscope and respiration rate was taken by 
observing chest rise and fall. Pedal refl ex was noted by pinching the digits, palpebral 
refl ex was noted by touching the eyelid with fi nger, jaw tone was felt by opening the 
mouth with fi nger, muscle relaxation was felt by extending and fl exing the hand of 
animal and position of eye ball was noted by observing eye. These parameters were 
noted immediately after induction when the animal was brought out of cage/ shed 
and then 30 min after induction.

In both groups, blood was collected from either radial or saphanous vein immediately 
after induction and then 30 min after induction. Collected blood was kept in K2EDTA 
3 ml tube (Cure Medical Tech Co., Ltd., USA) for complete blood cell count (CBC) 
and serum clot activator 4 ml tube (Cure Medical Tech Co., Ltd., USA) for serum 
collection. Collected blood was brought in cool box to Bangladesh Agriculture 
University (BAU) and was manually examined in Physiology Laboratory, Department 
of Physiology, BAU for total erythrocyte count (TEC), total leucocyte count (TLC), 
haemoglobin (Hb), packed cell volume (PCV) and differential leucocyte count (DLC) 
by the method described by Shastry (Sastry,1989).  In lipid profi le, parameters such as 
cholesterol, triglyceride, high density lipopropein (HDL) and low-density lipoprotein 
(LDL) were determined by using 3000 evolution semiautomatic biochemistry 
analyser. Detailed procedure is illustrated in the diagram (Fig 1). The data obtained 
in the present investigation were analysed by repeated measures analysis of variance 
and students’ “t” test.

RESULTS 

Effects of anaesthetics on clinical parameters in monkey

Rectal temperature

The normal temperature in rhesus monkey is 98.06-102.02 °F (Bourne 1975; Bush 
et al., 1977; Liu and Delauter, 1977). Rectal temperature was within normal range 
in both groups K and XK immediately after induction and 30 min after induction. 
Rectal temperature in group XK was signifi cantly lower (P<0.01) 30 min after 
induction in comparison to that of group K. In macaques, a similar decrease in body 
temperature was observed during anesthesia with ketamine, but this was followed by 
post-anesthetic hyperthermia (Lopez et al., 2002). These fi ndings are in agreement 
with the present study where temperature slightly increased with ketamine but 
decreased by approximately 1°F with xylazine-ketamine anaesthesia. The effects of 
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anaesthetics on rectal temperature is given in Table 1. 

Heart rate

The normal value of heart rate in rhesus monkey is 100-120/ min (Bourne, 1975; 
Johnson-Delaney, 1994; Haruo, 1995). The heart rate in group K was signifi cantly 
higher (P<0.05) immediately after induction and 30 minutes after induction in 
comparison to that of group XK. Xylazine has cardiodepressant action on heart rate 
(Grub et al., 2008).

Thurmon (1996) reported that ketamine had cardiovascular depression in rhesus 
monkey up to 30 min. This is in agreement with the fi ndings of the present study 
where heart rate decreased after 30 min while using ketamine only and increased 
after 30 min while using xylazine-ketamine combination. The effects of anaesthetics 
on heart rate is given in Table 1.

Monkeys (n=9) 

 

Group K (n=6) 

 Atropine Sulphate 0.04 mg/kg 
body weight. 

 Ketamine 10 mg/kg body 
weight. 

 

  

 

 

 

  

 

 

 

 

 

  

 

 

Group XK (n=3) 

 Xylazine 1 mg/kg body 
weight. 

 Ketamine 5 mg/kg body 
weight. 

Hematological Parameters Clinical Parameters 

CBC Lipid Reflexes Vital Clinical Signs 

Anaesthesia 

TLC TEC PCV Hb 
Respiration Temperature Pulse 

Pos.  
Eye 

M/S  
Relaxation

Pal. 
Reflex 

Pedal  
Reflex 

Jaw 
Tone 

LDL S. Tri S. Cho HDL 

Figure 1. Layout of the experiment.

Table 1: Effects of anaesthetics on clinical parameters in monkey
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Parameters Anaesthetic agents Immediately after 
induction

30 min after 
induction

Rectal temperature K(n=6) 101±0.6 101.45±1.05
XK(n=3) 100.86±0.61 98.93±0.31**

Heart rate K(n=6) 182.66±25.88 170.66±23.14
XK(n=3) 90.66±10.06** 97.33±6.11**

Respiration rate K(n=6) 42.33±9.99 46.66±21.86
XK(n=3) 45.33±6.11 32

± = Standard deviation  ** = Signifi cant at 1% level of probability between 
the group

K = Ketamine XK = Xylazine-ketamine

Respiration rate

The normal respiration rate in rhesus monkey is 20-50/ min (Bush et al., 1977; Liu 
and DeLauter, 1977). Respiration rate increased in group K and decrease in group 
XK after 30 min of induction which was nonsignifi cant (P>0.05). Xylazine may 
cause respiratory depression (Paddleford, 1999). Ketamine, in contrast to most of the 
anesthetic drugs, has shown to possess incremental effects on the heart rate, blood 
pressure and respiratory rate due to increase in sympathetic activation (Von Ungern-
Sternberg et al., 2007). The effects of anaesthetics on respiration rate is given in 
Table 1.

Effects of anaesthetics on haematological parameters in monkey

Haemoglobin

The normal value of haemoglobin in rhesus monkey is 12.5±1.5 gm/dl (Fowler, 
1986). In group XK, mean value of haemoglobin was recorded as 8.13±0.83 which 
decreased to 7.8±0.72 after 30 min of induction and was signifi cant (P<0.05) within 
the group. Mean value of haemoglobin was signifi cantly higher (P<0.05) in group 
K after 30 min of induction in comparison to that of group XK. The effects of 
anaesthetics on haemoglobin is given in Table 2.

Packed cell volume (PCV)

The normal packed cell volume in rhesus monkey is 40.3±3.5 % (Fowler, 1986). 
The mean value of packed cell volume immediately after induction was signifi cantly 
higher (P<0.05) in group K in comparison to that of group XK. The mean value of 
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packed cell volume was signifi cantly higher (P<0.01) after 30 min of induction in 
group K in comparison to that of group XK. The effects of anaesthetics on packed 
cell volume is given in Table 2.

Total erythrocyte count (TEC)

The normal value of total erythrocyte count in rhesus monkey is 4.48±0.63 mm/
cm3 (Fowler, 1986). The mean values of total erythrocyte count were nonsignifi cant 
(P>0.05) both within and between groups K and XK immediately after induction and 
30 min after induction. The effects of anaesthetics on total erythrocyte count is given 
in Table 2.

Table 2: Effects of anaesthetics on haematological parameters in monkey

Parameters A n a e s t h e t i c 
agents

I m m e d i a t e l y 
after induction

30 min after 
induction

Haemoglobin (gm/dl)
XK(n=3)

K(n=6) 9.18±1.31 9.4±1.14

8.13±0.83ª 7.8±0.72*

Packed cell volume (%)
XK(n=3)

K(n=6) 38.08±3.54 39.58±5.01

32.33±3.05* 31.33±0.57**

Total erythrocyte count (mm/cm3)
XK(n=3)

K(n=6) 5.45±0.74 5.65±0.88

5.49±0.89 5.15±0.89

Total leucocyte count (thou/cm3)
XK(n=3)

K(n=6) 15.86±13.70 8.97±2.96

8.63±0.42 8.26±0.33

Differential 
l e u c o c y t e 
count (%)

Neutrophil K(n=6) 59.5±8.47 60.16±12.71

XK(n=3) 57.67±20.50 72.66±1.15

Lymhocyte K(n=6) 35.33±8.61 35±13.78

XK(n=3) 37.33±17.90 22.66±1.15

Monocyte K(n=6) 2.66±1.3 2.66±1.2

XK(n=3) 1±0 1.66±0.57

Eosinophil K(n=6) 2.5±1.97 2.16±2.13

XK(n=3) 2.64±0.47 3±1

Basophil K(n=6) 0 0

XK(n=3) 0 0
* = Signifi cant at 5% level of probability between the group
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ª = significant at 5% level of probability within the group

** = Signifi cant at 1% level of probability between the groups

Total leucocyte count (TLC)

The normal value of total leucocyte count in rhesus monkey is 11.5±4.3 thou/
cm3 (Fowler, 1986). The mean values of total leucocyte count were nonsignifi cant 
(P>0.05) both within and between groups K and XK immediately after induction and 
30 min after induction.  The effects of anaesthetics on total leucocyte count is given 
in the Table 2.

Effects of anaesthetics on differential leucocyte count (DLC)

The normal value of neutrophil, lymphocyte, monocyte, eosinophil and basophil 
count in rhesus monkey are 39.09±11.97 %, 57.40±12.61 %, 2.29±1.23 %, 
0.43±0.61 %, and 0.06±0.24 % respectively (Chen et al., 2009). The mean value of 
monocyte immediately after induction was signifi cantly higher (P<0.05) in group 
K in comparison to that of group XK. The mean value of neutrophil, lymphocyte, 
eosinophil and basophil was nonsignifi cant (P>0.05) both within and between the 
groups K and XK immediately after induction and 30 min after induction. The effects 
of anaesthetics on differential leucocyte count is given in the Table 2.

In a study on the haematology of vervet monkeys, Wall et al., (1985) found that 
PCV decreased in ketamine anaesthetized groups which may be due to sequestration 
of erythrocytes in the capillary beds. A similar decrease in PCV has been noted in 
ketamine anaesthesia in rhesus monkeys (Loomis et al., 1980) as well as in other 
species with other anaesthesia (Kocan et al., 1981) which is dissimilar to the results 
obtained in this study.

According to Bennet et al., (1992) decrease in total erythrocyte count (TEC), 
hemoglobin (Hb) concentration, total leucocyte count (TLC) and lymphocyte count, 
following ketamine injection in rhesus monkeys (Macaca mulatta), can be attributed 
to a reversal of stress or “alarm reaction”. Loomis et al., (1980) and Wall et al., (1985) 
working with rhesus and vervet monkeys, also observed a decrease in peripheral 
erythrocytes and lymphocytes.

 This observation is similar to results of the present study where TLC has decreased 
whereas TEC and Hb concentration has increased with ketamine anaesthesia. In 
case of XK combination TEC, TLC, Hb concentration and lymphocyte count has 
decreased which is similar to the results obtained by Loomis et al., (1980), Wall et 
al., (1985) and Bennet et al., (1992). The decrease in blood cellular elements may 
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be due to haemodilution by infi ltration of intestinal fl uids during immobilization 
(Drevemo and Karstad, 1974). The fall in PCV and TEC may be due to lytic effects 
of xylazine (Moor and Desmet, 1971).   

Effects of anaesthetics on lipid parameters in monkey

Serum cholesterol

The normal value of serum cholesterol in rhesus monkey is 32.48±8.51 mg/dl (Chen 
et al., 2009). The mean value of serum cholesterol was much higher than normal in 
both groups K and XK immediately after induction and 30 min after induction but 
nonsignifi cant (P>0.05). The effects of anaesthetics on serum cholesterol is given in 
Table 3.

Serum triglyceride

The normal value of serum triglyceride in rhesus monkey is 261.29±46.05 mg/dl 
(Chen et al., 2009). The level of serum triglyceride was signifi cantly higher (P<0.05) 
30 min after induction in group XK in comparison to that of group K. The effects of 
anaesthetics on serum triglyceride is given in Table 3.

Table 3: Effects of anaesthetics on lipid parameters in monkey

Parameters Anaesthetic 
agents

I m m e d i a t e l y 
after induction

30 min after 
induction

Serum cholesterol (mg/dl)
K(n=6) 125.33±47.70 123.66±43.84
XK(n=3) 137.66±30.98 136.33±26.10

Serum Triglyceride (mg/dl)
K(n=6) 107.66±72.84 97.83±63.41
XK(n=3) 136.66±77.41 130.66±74.01a

High Density lipoprotein (mg/dl)
K(n=6) 60.20±20.33 56.5±11.22
XK(n=3) 54.66±12.42 54.33±16.44

Low density lipoprotein (mg/dl) K(n=6) 45.56±31.54 47.43±32.13

XK(n=3) 60.20±20.33 64.53±18.72*
a = Signifi cant at 5%level of probability within the group

* = Signifi cant at 5% level of probability between the group

High density lipoprotein (HDL)
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The normal value of high-density lipoprotein is 49.49±11.60 mg/dl (Chen et al., 
2009). The mean values of high-density lipoprotein immediately after induction and 
30 min after induction was nonsignifi cant (P>0.05) within and between the groups K 
and XK. The effects of anaesthetics on high density lipoprotein is given in Table 3.

Low density lipoprotein (LDL)

The normal value of LDL in rhesus monkey is 78.86±15.08 mg/dl (Chen et al., 2009). 
The mean value of low-density lipoprotein was signifi cantly higher (P<0.05) after 
30 min of induction in group XK in comparison to that of group K. The effects of 
anaesthetics on low density lipoprotein is given in Table 3.

DISCUSSION

A study on serum lipid parameters in adult bonnet monkeys (Macaca radiate) by 
Perumal et al., (2007) showed that ketamine anesthesia caused signifi cant decreases 
in serum cholesterol and HDL which is dissimilar to the results obtained in my 
study. Studies on ketamine anesthesia in aged bonnet monkeys caused no signifi cant 
alteration in serum cholesterol level; this apparently contradictory result might refl ect 
the age of the animals (Venkatesan et al., 2006). Plasma cholesterol level is under the 
direct infl uence of the liver and the stress response (Gelhot et al., 1997). Lipolysis 
increases under the infl uence of catecholamines and corticosteroids and contributes 
to fat metabolism.

Many studies reported age-related changes in lipid concentrations in nonhuman 
primates. HDL tended to decline with the progression of age in normal rhesus 
monkeys, whereas serum triglycerides, cholesterol, and LDL remained unchanged 
(Tigno et al., 2004). In another study of rhesus monkeys, only triglyceride level is 
found to increase with the advancement of age (Smucny et al., 2001). In Tibetan 
macaques, it is found that cholesterol, HDL, and apolipoprotein A1 decreased with 
age, but triglyceride and LDL levels remained the same (Wu et al., 2014).

CONCLUSION

The following conclusions can be made from the fi ndings of the present study. Rectal 
temperature and respiration rate decreased in both groups ketamine and xylazine- 
ketamine combination. Heart rate remained much above normal when only ketamine 
was used but remained almost stable when used in combination with xylazine. TEC, 
Hb and PCV increased and TLC decreased in ketamine group and TEC, TLC, Hb and 
PCV decreased in xylazine-ketamine combination group. In DLC only neutrophil 
increased in ketamine group and only lymphocyte decreased in xylazine-ketamine 
combination group. In lipid profi le serum cholesterol, serum triglyceride and HDL 
decreased in both ketamine group and xylazine-ketamine combination group, whereas 
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LDL increased in both groups, ketamine and xylazine-ketamine combination.
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