
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 168, 389-394 ( 1981) 

Ketamine -HCI as a Suitable Anesthetic for Endocrine, Metabolic, and 
Cardiovascular Studies in Macaca fascicularis Monkeys (41 292) 

M. I .  CASTRO, J. ROSE,' W. GREEN, N. LEHNER, 
D. PETERSON, A N D  D. TAUB 

Departments of Physiology and Pharmacology and Comparative Medicine, Bowman Gray School of 
Medicine, Wake Forest University, Winston -Salem, North Carolina 27103 

Abstract. Ketamine- HCl has been reported, depending on experimental conditions and 
dosage given, to have significant cardiovascular and endocrine effects in some species. 
However, previous studies in primates have inadequately distinguished between animal 
handling and ketamine effects. We, therefore, examined the effects of various doses of 
ketamine (0, 5 ,  10, 15, and 20 mg/kg) on mean arterial blood pressure and on plasma insulin, 
glucose, and cortisol concentrations in 10 chronically cannulated Macaca fascicularis mon- 
keys which had been acclimated to restraining chairs. Each monkey received three different 
doses of ketamine according to a balanced incomplete block design. Ketamine anesthesia 
produced no significant changes in plasma insulin, glucose, or cortisol concentrations nor 
did it affect mean arterial blood pressure. In addition, the effects of ketamine-HC1 on 
endocrine responses to insulin-induced hypoglycemia were examined in four animals ac- 
cording to a cross-over design. These animals also had chronically maintained cannulas and 
had been acclimated to restraining chairs. Plasma glucose concentrations, as well as plasma 
ACTH, growth hormone, and cortisol responses in ketamine-anesthetized animals receiving 
an insulin challenge were no different from those in unanesthetized control animals. Thus, 
our studies indicate that ketamine- HCl does not perturb these particular hormonal systems 
in M. fuscicularis monkeys. 

Ketamine-HCl is an anesthetic that is 
widely used in veterinary medicine. Its 
short-acting properties make it particularly 
desirable in the routine handling of pri- 
mates. Various studies, however, seem to 
indicate that ketamine may have significant 
cardiovascular and/or endocrine effects in 
both primate and nonprimate species (1 -6). 
Many of these studies, however, fail to sep- 
arate effects due to animal handling from 
those due to ketamine. The present studies 
were designed to examine the effects that 
ketamine has in Macaca fascicularis mon- 
keys on some endocrine and cardiovascular 
parameters under conditions in which the 
effects of animal handling are tightly con- 
trolled. In particular, the effects of ket- 
amine on basal levels of plasma glucose, 
cortisol, and insulin as well as hormonal re- 
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sponsiveness to insulin-induced hypogly- 
cemia were evaluated. The use of chron- 
ically cannulated animals which were 
adapted to restraining chairs allowed for 
minimal animal handling during these 
studies and thus for a more accurate repre- 
sentation of any effects that ketamine may 
have. 

Methods. Adult male M .  fascicularis 
monkeys were gradually adapted to chair 
restraint for approximately 2 weeks. This 
was accomplished by placing the animals in 
restraining chairs for short periods of time 
initially and then increasing the length of 
time the animals spent in chairs as the 
animals became accustomed to chair re- 
straint. Animals were considered to be fully 
adapted to  chair restraint when they 
showed no physiological signs of stress or 
discomfort upon chair restriction for a pe- 
riod of 2-3 days. 

At this time, food and water were with- 
held for 24 and 6 hr, respectively, prior to 
the surgical implantation of arterial and 
venous cannulas. Anesthesia was induced 
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with 20 mg/kg ketamine (Ketalar, Parke- 
Davis, Detroit, Mich.) and was maintained 
with subsequent doses of ketamine as 
needed. Polyethylene catheters were in- 
serted into a femoral artery and vein and 
advanced to the descending aorta and in- 
ferior vena cava. The hindlimb fascia and 
muscle incisions were sutured, and the 
catheters were tunneled through subcuta- 
neous fascia to exit on the midback of the 
monkey. The hindlimb skin was then su- 
tured. The catheters were tucked in a re- 
straining jacket (Alice P. Chatham; Los 
Angeles, Calif.), and the animals were re- 
turned to their chairs. Penicillin (Squibb, 
Penicillin G, approx 100,000 units) was ad- 
ministered daily for 5 days postsurgery. 
Heparinized saline was routinely placed in 
the cannulas in order to maintain the 
catheters patent. A 2- to 3-day recovery pe- 
riod from surgery elapsed before any ex- 
perimental procedures were begun. 

The effects of five different doses of 
ketamine in isotonic saline (0, 5, 10, 15, and 
20 mg/kg) on plasma levels of cortisol, in- 
sulin, and glucose were studied with a bal- 
anced incomplete block design (7). This ex- 
perimental design allowed the random as- 
signment of three out of the five doses to 
each of 10 monkeys. The order in which 
each animal received the three treatments 
assigned to it was also randomized. At least 
24 hr elapsed between administration of 
successive doses. 

Blood pressure and heart rate were mon- 
itored continuously during the experimental 
procedure by connecting the arterial can- 
nulas to a Brush recorder. Mean blood 
pressure was calculated by adding one-third 
of the pulse pressure to the diastolic pres- 
sure. Blood samples (3.0 ml) were collected 
in lightly heparinized syringes from the 
venous cannulas at 5 min before and at 5, 
10, 30, 60, and 90 rnin after an injection of 
ketamine into a thigh muscle. A constant 
blood volume was maintained by infusion 
of saline (3.0 ml) after collection of each 
blood sample. 

Blood samples were spun on a table-top 
centrifuge for 10 min, and the plasma sam- 
ples thus obtained stored at -4" until the 
time of the assay. Plasma aliquots were as- 
sayed for insulin, cortisol, and glucose. 

Plasma insulin was measured by a commer- 
cial radioimmunoassay kit (Amersham, Ar- 
lington Heights, Ill.); intraassay and inter- 
assay coefficients of variation were < 12 and 
<20%, respectively. Plasma cortisol was 
also measured by radioimmunoassay (8); 
coefficients of variation of intra- and inter- 
assay variability were <8 and <12%, re- 
spectively. The intra- and interassay vari- 
ability was <8 and <12% for the ACTH 
assay and <5 and < 12% for the growth hor- 
mone (GH) assay. Plasma glucose was mea- 
sured by a glucose-oxidase enzymatic assay 
(9). Intraassay and interassay variations were 
<3 and <11%, respectively. 

The effect of ketamine on the hormonal 
responses to insulin-induced hypoglycemia 
was studied in an additional four animals. 
These animals were also chair-adapted and 
had undergone surgical implantation of 
arterial and venous cannulas, as mentioned 
previously. The monkeys were randomly 
assigned to two groups: the first group re- 
ceived ketamine anesthesia during the first 
experimental session, whereas the second 
group received ketamine anesthesia during 
the second experimental session according 
to a cross-over design. A 2-day period 
elapsed between experimental sessions. 
Ketamine anesthesia was induced by 
intramuscular injection of 15 mg/kg ket- 
amine and maintained by 10-mg injections 
every 30 min. Regular, crystalline insulin 
(0.10 unit/kg, given im) was administered 
to all animals ten min after an im injection 
of ketamine or saline. Blood samples were 
obtained before insulin injection and at 
15,30,60, and 90 rnin after injection. Plasma 
concentrations of cortisol, GH, and ACTH 
were measured by radioimmunoassay (8, 
10, 1 1 ) .  Blood glucose was measured as 
described previously. 

Statistical analysis of the effect of differ- 
ent ketamine doses on basal endocrine 
status was done with analysis of variance of 
balanced incomplete blocks at 5, 10, 30, 60, 
and 90 min. The effects of ketamine on 
maximal hormonal responses to an insulin 
challenge were analyzed via a paired Stu- 
dent t test. Maximal hormonal response to 
an insulin-induced hypoglycemia was ver- 
ified by use of a sign test. 

Results. The effects of different doses of 
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<etamine on mean arterial blood pressure 
Ire seen in Fig. 1 .  We found no evidence 
.hat blood pressure changed significantly 
with any of the ketamine doses ( P  > 0.20), 
dthough a slight decrease (< lo  mm Hg) 
was observed at all doses. Likewise, there 
&as no evidence that plasma cortisol, insu- 
in, or blood glucose concentrations 
:hanged significantly with the ketamine 
loses (Figs. 2, 3, and 4) or that ketamine 
iad any effect on heart rate (data not 
shown). In addition, none of these param- 
:ten was significantly altered when the 
lata were expressed as a percentage change 
From the baseline value of each animal. 
I'hus, ketamine did not affect basal plasma 
;oncentrations of insulin, cortisol, or glu- 
zose, nor did it have a significant effect on 
mean arterial blood pressure. 

Endocrine responses to insulin-induced 
hypoglycemia are shown in Fig. 5 and in 
T'able I. No significant differences in endo- 
xine response ( P  > 0.20) existed between 
ketamine-treated and control animals. In all 
instances blood glucose levels fell within 
the first 15-30 min. A maximal decrease in 
blood glucose of 42 5 4 mg/dl (mean 5 SE) 
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FIG. 2. Effects of various doses of ketamine-HCI 
on basal plasma cortisol levels. Shaded areas represent 
standard errors of the mean. 

from a control value of 65 5 4 mg/dl was 
obtained within the first half-hour. At this 
time, both plasma GH and ACTH were 
elevated, although a maximal ACTH re- 
sponse of 195 * 15 pg/ml-l was obtained at 
60 min (Fig. 5, Table I). Plasma cortisol 
concentrations, although variable, were all 
elevated at 90 min postinsulin injection 
(Table I). All maximal hormone responses 
to an insulin challenge were significant 
( P  < 0.01). Thus, ketamine anesthesia did 
not change the magnitude of hormonal re- 
sponses to an insulin-induced hypoglyce- 
mia nor did it affect the time course in 
which these hormonal responses occurred. 

Discussion. Ketamine- HCI, a phency- 
clidine derivative, produces a state of dis- 
sociative anesthesia by interrupting certain 
association pathways in the brain before 
producing somesthetic sensory blockade. 
This anesthetic is widely used in veterinary 
medicine for many routine surgical proce- 
dures in various species. 

Various studies indicate that ketamine 
has significant cardiovascular and/or endo- 
crine effects in primate and nonprimate 
species. Other studies indicate insignificant 
endocrine or cardiovascular effects of 
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FIG. 3. Effects of various doses of ketamine-HCI 
on basal plasma insulin levels. Shaded areas represent 
standard errors of the mean. 

ketamine depending on the species and 
mode of administration. An intravenous 
injection of ketamine given as a bolus dose 
to the rat has been shown to cause arterial 
hypotension, whereas it has little or no ef- 
fect on arterial blood pressure if given as an 
intramuscular injection (1). Ketamine in 
dogs appears to exert a pressor response at 
small doses and a depressor response at 
higher doses (2). Ketamine- HC1 decreases 
heart rate and peak left ventricular pressure 
in rhesus monkeys (3). To our knowledge, 
none of these studies have adequately dis- 
tinguished between ketamine effects and 
effects due to animal handling prior to 
anesthesia. Most importantly, they have 
not accounted for the effect of animal han- 
dling in control situations when no drug is 
given, thus complicating the comparison of 
results obtained in the presence and ab- 
sence of ketamine anesthesia. 

Endocrine parameters may remain con- 
stant or  may change significantly a s  a 
consequence of ketamine administration, 
depending on the species, the particular 
hormone in question, and experimental 
condition. Ketamine has been shown to 
elicit a significant corticosterone increase 
in rats (4), but does not seem to affect basal 
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FIG. 4. Effects of various doses of ketamine-HCI 
on basal blood glucose levels. Shaded areas represent 
standard errors of the mean. 

prolactin levels in the rat ( 5 ) .  It has also 
been shown to increase cortisol levels in 
humans (6) and to slightly decrease serum 
free fatty acids and slightly increase blood 
sugar in children (12). Channing et al. (13) 
have shown that ketamine anesthesia has 
little effect on reproductive hormones in fe- 
male rhesus monkeys. However, few studies 
have focused on the effects of ketamine on 
other primate endocrine systems. Wickings 
et al. (14) have indicated that ketamine 
anesthesia raises basal plasma prolactin and 
cortisol levels and produces higher prolac- 
tin plasma levels following a thyrotrophin 
challenge in adult male rhesus monkeys. 
Although the unane s t het ized monkeys in 
Wickings' study were accustomed to chair 
restraint, the s t ress  of repeated veni- 
puncture could have elevated plasma cor- 
tisol and prolactin levels. For example, El- 
vidge et al. (15) have shown that handling 
can have a significant effect on plasma 
cortisol levels; monkeys which had been 
trained to be bled unanesthetized had sig- 
nificantly lower plasma cortisol levels than 
untrained unanesthetized monkeys or un- 
trained anesthetized monkeys. Thus, the 
act of restraining an untrained animal for 
venipuncture or for induction of anesthesia 
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could produce significant elevations in 
certain plasma hormone levels (even if the 
animal is in a primate chair). Similarly, the 
method by which blood samples are ob- 
tained can influence "basal" plasma hor- 
mone levels (15). 

Previous studies in nonhuman primates 
have not exhaustively examined the effects 

of ketamine on metabolic and endocrine pa- 
rameters nor have many distinguished be- 
tween animal handling and ketamine ef- 
fects. Few studies have used the M. fas-  
cicularis monkey a s  the  experimental  
animal. The increasing popularity of M. 
fusciculuris in nonhuman primate research 
prompted us to study the effects of ket- 
amine-HCl on this species under con- 
ditions in which the effects of animal han- 
dling were tightly controlled. In our study 
chronic indwelling cannulas allowed a 

TABLE I. HORMONAL RESPONSE TO 
INSULIN-INDUCED HYPOGLYCEMIA 

Maximum means by which blood pressure could be 
continuously monitored and blood samples 

ACTH (pg.rn1-l) 122 * 16 195 * 15 8 <o.oi could be obtained without disturbing the 

Cortisol (ng-ml-') 171 2 33 254 t 54 8 <0.01 The results of our studies indicate that 
anesthesia with ketamine does not affect 

cortisol in M. fusciculuris monkeys. Basal 

Controla response N P value 

GH (ng. ml-l) 1 1  2 2  282 5 8 <0.01 animal. 
Glucose (mg.dl-l) 65 ? 4 42 4 8 <0.01 

Values listed are mean values & SE of eight pooled obser- 
vations from ketamine-treated animals and unanesthetized plasma levels Of glucose and 
monkeys. 
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plasma cortisol concentrations at all time 
periods and at each dosage were similar to 
those reported by Elvidge et al. (15) for 
their trained unanesthetized monkeys. Un- 
trained monkeys which had received 
ketamine prior to bleeding had significantly 
higher plasma cortisol levels than the 
trained monkeys. Our data show that mon- 
keys receiving ketamine responded no dif- 
ferently from those receiving saline. We 
conclude that ketamine by itself does not 
affect basal cortisol levels but that the pitu- 
itary - adrenal axis can be significantly acti- 
vated in animals that are unaccustomed to 
routine handling. Likewise, ketamine 
anesthesia does not significantly affect 
mean arterial blood pressure. The slight de- 
crease in blood pressure at 10 min post- 
injection may be explained as a response to 
the intramuscular injection. 

Our studies also indicate that ketamine 
anesthesia does not significantly alter the 
magnitude of endocrine responses to 
insulin-induced hypoglycemia, nor does it 
alter the time course of any of the endocrine 
responses studied. Therefore, pituitary 
function, as evidenced by insulin-induced 
increases in plasma GH and ACTH levels, 
is unaltered by ketamine. Plasma glucose 
levels also decreased upon insulin challenge 
injection, thus showing that metabolic re- 
sponse to insulin are unaltered in ketamine 
anesthesia. Differences in plasma hormone 
levels were mostly the result of animal-to- 
animal variability, regardless of the pres- 
ence or absence of anesthesia. Our data 
suggest that ketamine itself does not signifi- 
cantly alter plasma concentrations of insu- 
lin, cortisol, or glucose nor does it affect the 
growth hormone and pituitary-adrenal re- 
sponses to an insulin challenge. 
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