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Various procedures have been utilized to
obtain blood from laboratory rats for assay
of plasma prolactin levels. Because of the
effect of stress and general anesthetic agents
on plasma prolactin levels (1-4), blood sam-
pling procedures which do not themselves
affect plasma prolactin levels are limited.
Dohler et al. (5) recently compared the influ-
ence of four methods of blood collection un-
der three anesthetics, ether, chloroform and
pentobarbital, to decapitation on the release
of prolactin; in all instances they observed an
increase in plasma prolactin ranging from 2-
to 13-fold.

Lawson and Gala (4) reported that keta-
mine, which is a dissociative anesthetic, not
a general anesthetic (6), produced no effect
on plasma prolactin levels at 10, 30, 60 and
120 min after intraperitoneal (ip) or intra-
arterial (1.a.) injection in ovariectomized rats
with indwelling catheters. Lawson and Gala
(7) subsequently reported that ketamine, 100
mg/kg, ip, also produced no change in
plasma prolactin levels in catheterized, ovari-
ectomized, estrogen-treated Sprague-Dawley
rats, with sampling at 10, 30, 60 and 120 min
after injection. However, ketamine, 50
mg/kg, ia., significantly decreased plasma
prolactin levels at 10, 60 and 120 min. They
suggested that ketamine differed from other
anesthetics in its effects on prolactin secretion
because it induced only stage II anesthesia.

We were interested in determining what
effects if any, ketamine had on plasma pro-
lactin levels in male rats. Since ketamine has
been shown to inhibit both dopamine and
serotonin uptake (8, 9), two neurotransmitters
which have a profound effect on rat prolactin
secretion (10, 11), it was of further interest to
see if ketamine affected baseline prolactin
levels or the reserpine, a-methylparatyrosine
(AMPT)- or 5-hydroxytryptophan (5-HTP)-
induced increase in prolactin secretion. Drugs
which inhibit 5-HT uptake will promote the
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increase in prolactin produced by 5-HTP
(12).

Methods. Male Sprague-Dawley rats
(Sprague-Dawley, Inc., Madison, WI) weigh-
ing 200-225 g were housed for at least 1 week
in a temperature-controlled (25°) and light-
controlled (6 aM-8 pM light period) animal
room. They received food and water ad libi-
tum. Ten groups of five rats each had cathe-
ters placed in the right jugular vein under
pentobarbital anesthesia (13). The catheters
were kept patent with flushing with saline on
alternate days. These rats were handled fre-
quently and accustomed to the procedure of
withdrawal of 0.3 ml blood. These rats re-
ceived no anesthesia at the time of blood
withdrawal. Another ten groups of five rats
each were administered ketamine, 100
mg/kg, ip Immediately after they became
unresponsive to toe pinch (usually 2-3 min)
blood was withdrawn from the inferior vena
cava. Finally, ten groups of five rats were
rapidly decapitated.

Reserpine, 5 mg/kg, ip, was given 3 hr 55
min or 3 hr 30 min before ketamine, 100
mg/kg, ip, or saline. Rats were sacrificed at
4 hr after reserpine. AMPT, 100 mg/kg, ip,
was given 15 min before ketamine, 100
mg/kg, ip and rats were sacrificed 15 min
later. To determine the effects of ketamine on
5-HTP-induced increases in plasma prolac-
tin, ketamine, 25, 50, and 100 mg/kg, ip, were
given 30 min before 5-HTP, 30 mg/kg, ip.
For comparison purposes, one group of rats
was pretreated with fluoxetine (Lilly 110140),
a known 5-HT reuptake blocker (14), another
was pretreated with saline, followed by 5-
HTP, as described for the ketamine-pre-
treated rats.

Following sacrifice, plasma samples were
frozen and assayed later for prolactin by a
modification of a double antibody radioim-
munoassay originally developed for human
prolactin assay (15). Prolactin levels are ex-
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pressed in terms of NIAMDD-rat prolactin-
RP-1. All samples utilized in this report were
assayed together. The sensitivity of the assay
is 1.0 ng/ml. The intra-assay variation is less
than 5%.

To determine if there was a difference in
basal prolactin levels between types of sacri-
fice, the means for the 10 groups of each type
were compared with a one way analysis of
variance (ANOVA). To examine for differ-
ences in variance within each of the three
treatments, a completely randomized hierar-
chical analysis of variance was performed
(16). The effect of drugs on the increase in
prolactin produced by 5-HTP was deter-
mined by an ANOVA.

Ketamine HCI was generously supplied by
Parke-Davis-Warner-Chilcott, Inc., Ann Ar-
bor, Mich. Alpha-methylparatyrosine meth-
ylester and 5-hydroxytryptophan methylester
were purchased from Sigma, Inc., St. Louis,
MO. Reserpine was obtained from Ciba-
Geigy Corp., Summit, NJ. Fluoxetine was a
gift of Eli Lilly, Co., Indianapolis, IN. All
drug doses refer to the salt form.

Results. Prolactin levels for the various
types of sacrifice are summarized in Table 1.
The median, range and coefficient of varia-
tion (c.v.) were calculated utilizing the mean
data for each group of five rats.

The results of an ANOVA indicated there
was no significant difference between any of
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the three methods of blood collection. How-
ever, five of the ten groups of catheter sam-
ples had mean levels that exceeded the high-
est mean of the ketamine groups (10.2
ng/ml). Only one of the decapitated groups
had a mean plasma prolactin which exceeded
10.2 ng/ml. The ketamine-treated group had
the lowest prolactin levels and the smallest
coefficient of variation of the three types of
treatment.

Ketamine did not significantly affect the
increase in plasma prolactin levels produced
by reserpine or AMPT (Table II).

5-Hydroxytryptophan, 30 mg/kg, or fluox-
etine, 10 mg/kg, did not increase plasma
prolactin levels (Table III). Fluoxetine, to-
gether with this dose of 5-HTP, produced a
very significant increase in plasma prolactin.
However, none of the three doses of ketam-
ine, plus 5-HTP had any effect on plasma
prolactin levels. Fluoxetine plus ketamine,
100 mg/kg, also did not augment plasma
prolactin.

Discussion. The results of the studies in
untreated male rats strongly indicate that an-
esthesia with ketamine does not affect plasma
prolactin levels. Blood obtained from the in-
ferior vena cava within 3 min of administra-
tion of ketamine has levels of prolactin not
significantly different from that obtained
from decapitated rats or from rats with in-
dwelling venous catheters. The latter method

TABLE 1. RAT PLASMA PROLACTIN LEVELS FOLLOWING KETAMINE, GUILLOTINING AND FROM INDWELLING

CATHETERS.
Mean coefficient of
Group N Mean = SEM Median Range* variation (%)
Ketamine S rats, X10 6.0 0.8 6.3 1.9-10.2 58.0
Decapitation 5 rats, X10 6.4+ 1.2 6.8 1.8-13.5 72.0
Catheter S rats, X10 94+ 19 8.9 2.2-19.8 63.4

* Means of each group of 5.

TABLE 11. EFFecT OF KETAMINE ON PLASMA PROLACTIN LEVELS FOLLOWING RESERPINE OR AMPT.

Plasma prolactin (ng/ml)*

Dose (mg/kg) Saline Ketamine P
Reserpine (A) 5 18.5 +3.7 25.0 £ 3.1 NS
Reserpine (B) 5 217227 213 £ 1.7 NS
AMPT 100 154 + 4.6 152 +3.9 NS

E Mean + SEM Ketamine, 100 mg/kg ip or saline was given 3 hr 55 min (A) or 3 hr 30 min (B) following

reserpine and 15 min following AMPT. Rats were sacrificed by decapitation 5 min (A) or 30 min (B) after ketamine
in the reserpine-pretreated rats, and 15 min after ketamine in the AMPT-pretreated rats. All groups consisted of 5

rats.
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TABLE 11I. EFFecT OF KETAMINE AND FLUOXETINE
ON INCREASE IN PROLACTIN PRODUCED BY 5-HTP.

Plasma
Pretreat- Dose Treat- Dose  prolactin*

ment (mg/kg) ment (mg/kg) (ng/ml)
Saline —  Saline — 64+ 1.5
Saline —  5-HTP 30 8415
Fluoxetine 10 Saline — 75+ 14
Fluoxetine 10 5-HTP 30 38.7 £ 4.6
Fluoxetine 10  Ketamine 100 64+ 13
Ketamine 25 S5-HTP 30 6.7+23
Ketamine 50 S5-HTP 30 8613
Ketamine 100 S-HTP 30 70+ 14

* Mean + SEM. The first injection was given 60 min
before the second injection. Groups of five rats were
sacrificed by decapitation 15 min after saline or 5-HTP.

of blood sampling tended to produce the
highest levels and the greatest variance within
a given group of 5 rats, the usual size of our
control groups. These results indicate that
where a single blood sample is required from
a given male rat, ketamine anesthesia is ac-
ceptable. For studies in which anesthetized
rats might be desirable, ketamine is clearly
preferable to other anesthetics which them-
selves affect prolactin secretion. The reported
ability of ketamine, 50 mg/kg, i.a., to lower
prolactin levels, in ovariectomized estrogen-
treated rats (7), if confirmed, would indicate
that ketamine might affect the estrogen-stim-
ulated prolactin secretion process and thus be
less suitable for use in studies with female
rats than it appears to be for male rats. The
lack of effect of ketamine on prolactin secre-
tion further documents the difference be-
tween the anesthesia produced by this agent
and classical general anesthetics.

The inability of ketamine to reverse the
increase in plasma prolactin levels produced
by reserpine or AMPT is strong evidence that
ketamine does not have direct dopamine ag-
onist effects in vivo at the pituitary dopamine
receptors which regulate prolactin secretion.
Direct dopamine agonists such as apomor-
phine, bromcryptine or lysergic acid diethyl-
amide readily reverse the increase in prolactin
produced by reserpine or AMPT (17, 18 and
unpublished data from this laboratory). Sim-
ilarly, the inability to reverse the reserpine or
AMPT-induced increase in prolactin indi-
cates ketamine differs significantly from d-
amphetamine, which has been shown to re-
verse the increase in prolactin secretion pro-

duced by reserpine or AMPT (19), presum-
ably by increasing the release of dopamine
from tubero-infundibular dopamine neurons
or blocking its uptake. Previous studies of the
effect of ketamine on dopaminergic mecha-
nisms have been in vitro and have dealt with
the nigro-striatal dopaminergic pathway.
These differences may account for the differ-
ences between the results of those studies and
this one.

The ability of fluoxetine but not ketamine
to potentiate the effects of a subthreshold
dose of 5-HTP on prolactin secretion indi-
cates that ketamine is not an effective inhib-
itor of serotonin reuptake in vivo at those
neurons which release the serotonin that po-
tentiates prolactin secretion. These are be-
lieved to be the median raphe serotonergic
neurons (20). However, an effect of ketamine
on uptake of serotonin by other serotonergic
neurons is not excluded.

The lack of effect of ketamine on the re-
serpine-, AMPT- and 5-HTP-induced in-
crease in prolactin secretion indicates the suit-
ability of ketamine for anesthesia in studies
of the effect of dopaminergic and serotonergic
drugs on prolactin secretion.

Summary. Mean plasma prolactin levels
obtained from male rats following anesthesia
with ketamine, decapitation or via indwelling
venous catheters were not significantly differ-
ent although a larger variance was found in
the samples obtained via catheters. Ketamine,
at anesthetic doses, did not affect the in-
creases in prolactin produced by reserpine or
a-methylparatyrosine. Ketamine, at various
doses, did not potentiate the effect of sub-
threshold doses of 5-hydroxytryptophan on
prolactin secretion. Thus, ketamine would
appear to be a suitable anesthetic for use in
studies of prolactin secretion in male rats.
Further studies in female rats are required.
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