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(3) 317–321, 1998.—The 

 

a

 

2

 

-adrenergic system is involved in the reg-
ulation of food intake in animals but its effects on feeding in humans are unknown. We hypothesized that clonidine adminis-
tration would stimulate food intake in healthy human subjects. Ten men and 4 women, all physically and psychiatrically
healthy, received clonidine 3 

 

m

 

g/kg or placebo, orally, in blinded, balanced, randomized order. Consumption of a liquid test
meal was measured; also, serum growth hormone levels were used as a secondary measure of clonidine effects. Visual analog
scale ratings of hunger, satiety, and sedation were obtained before, during, and after the test meal. A subset of five subjects
also received 1.5 

 

m

 

g/kg clonidine, in addition to the two trials described above. Test meal consumption was greater following
placebo than following clonidine. Sedation ratings were substantially higher at all time points after clonidine and correlated
with meal consumption (correlation coefficient 

 

r

 

 

 

5
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0.584; 

 

p

 

 

 

5

 

 0.028). Hunger and satiety ratings did not differ. The 1.5 

 

m

 

g/
kg dose did not provide different effects on feeding from that seen with placebo. Contrary to our hypothesis, clonidine did not
stimulate food intake in humans. Sedation associated with clonidine administration may have suppressed any effects on
feeding. © 1998 Elsevier Science Inc.
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THE 
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2

 

-adrenergic system is known to exert a regulatory ef-
fect on feeding behavior in animals. Administration of the
centrally acting 

 

a

 

2

 

-adrenergic agonist, clonidine, has been
shown to promote feeding behavior in numerous animal spe-
cies, including mice (7), rats (1,2,14–23), rabbits (11), and
monkeys (20); this effect appears to hold true whether cloni-
dine is administered peripherally, intraperitoneally, or cen-
trally into either the periventricular nucleus of the hypothala-
mus or sulcal prefrontal cortex.

Little is known about the effects of clonidine on feeding be-
havior in humans. However, clonidine administration has been
shown to diminish the thermic effect of feeding in humans
(21,28). Also, based on its effect in animal models, clonidine
has been used in the treatment of anorexia nervosa in one
small controlled trial, with negative results (3). However, its ef-
fects on food intake in healthy humans have not been reported.

Clonidine is used clinically to treat hypertension in hu-
mans; both oral and transdermal patch administration are
possible. This drug has also been used as a research tool to ex-
amine the function of the 

 

a

 

2

 

-adrenergic system in psychiatric
illness. In healthy controls, clonidine administration via the
intravenous (12) or oral (13) routes leads to elevation of circu-
lating growth hormone levels. A characteristic blunting of this
response in depression provides some of the strongest evi-
dence for involvement of the 

 

a

 

2

 

-adrenergic system in that ill-
ness (24). Similar abnormalities in cortisol response and REM
sleep patterns also occur (22,25).

The aim of this study was to investigate the effects of cloni-
dine administration on feeding in humans. We hypothesized
that, similar to the effects seen in animal systems, oral admin-
istration of clonidine would result in acutely increased food
consumption.

 

Requests for reprints should be addressed to Scott Crow, M.D., University of Minnesota, Department of Psychiatry, Box 393 UMHC, Minne-
apolis, MN 55455.
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METHOD

 

Subjects

 

Fourteen healthy, weight-stable individuals between the
ages of 18–50 (average 24.9, range 21–30 years old, 10 women
and 4 men) were invited to participate in the study. All sub-
jects were within 15% of ideal body weight as determined by
the Metropolitan Height and Weight tables (1973). A clinical
interview was used to obtain prior health history and exclude
any subjects with gastrointestinal and other significant medi-
cal illnesses. Subjects completed the Structured Clinical Inter-
view for DSM-III-R-Patient Version (SCID-P) (26) and the
Hamilton Depression Inventory to rule out current or lifetime
psychiatric illnesses. We chose this exclusionary criterion
based on substantial evidence of 

 

a

 

2

 

-adrenergic dysregulation
in mood disorders (22,24,25). All subjects were instructed, by
a registered dietitian, in the completion of 3-day dietary
records that were completed for the 3 consecutive days prior
to each CRC visit. Also, at the time of initial evaluation, elec-
trolytes, complete blood count, and thyroid function tests
were drawn, to help exclude active medical illnesses.

Approval was obtained from the Institutional Review
Board prior to initiating the study, and informed consent was
obtained from each subject at the time of initial evaluation.

Subjects completed 3-day dietary records immediately
prior to each CRC admission.

 

Procedures

 

Subjects were admitted to the Clinical Research Center by
1600 h on day 1. An intravenous line was placed in the fore-
arm to provide subsequent easy and painless access for blood
draws so as not to interfere with growth hormone levels. Also,
this provided easy access for IV fluid administration for any
subjects developing significant hypotension (which was never
required). A standardized meal was consumed at 1700 h, con-
sisting of 900 kcal (46% carbohydrate, 19% protein, 35% fat).
A standard snack was then provided at 2000 h consisting of
302 kcal (60% carbohydrate, 10% protein, 30% fat). Thereaf-
ter, patients were NPO until morning.

In the morning of day 2, growth hormone levels were drawn
hourly beginning at 0600 h until noon. At 0700 h, the blinded
study medication was given as described below. At 0800 h a
test meal was given again as described below. The medication
used was oral clonidine in a dose of 3 

 

m

 

g/kg. The medication or
placebo was administered in a blinded fashion, and a balanced
randomization for order of administration was used.

The test meal, presented at 0800 h, consisted of vanilla-fla-
vored Carnation Instant Breakfast prepared in whole milk.
The mixture was consumed, through a straw, from a container
hidden in wooden box approximately 15 

 

3

 

 

 

18 

 

3

 

 24

 

99

 

; this de-
sign was chosen to eliminate visual cues as an influence on the
amount of liquid meal consumed. An analytical balance inter-
faced with a laptop computer using Mettler Balance Link soft-
ware (Mettler-Toledo AG, Switzerland, 1993) was used to
provide real time measurements of food consumption. Ap-
proximately 2 liters of liquid test meal were available to insure
that no subject ran out of test meal.

Subjects completed 100-mm visual analog scales for hun-
ger, satiety, and sedation just prior to receiving the test medi-
cation and every 5 min during the test meal through 30 min
following its completion. Rating scales were completed for
meal palatability upon completion of the test meal. Vital
signs, including blood pressure and pulse, were obtained ev-
ery 30 min between 0600 h and 1200 h on day 2.

When the last growth hormone level had been obtained
and the subject was deemed medically stable, the subject was
discharged from the research center. Subjects returned at
least 3, and no more than 7 days later to complete the second
stay. This visit was identical to the first except that the alter-
nate condition, either clonidine or placebo, was given. As be-
fore, subjects filled out 3-day dietary record prior to the time
of admission.

Because the clinical experience during the study suggested
sedation from clonidine in this dosage, a second experiment
was instituted. This revised protocol included experimental
sessions during which subjects received 1.5 

 

m

 

g/kg, and 3 

 

m

 

g/kg
of clonidine in addition to placebo. The three trials were com-
pleted as outpatients, with patients arriving at 0600 h on the
day of medication administration but were otherwise identical
to the procedures above.

 

Analysis

 

Meal intake was analyzed using matched-paired 

 

t

 

-tests. Vi-
sual analog scale measures scores were collapsed into pre-
meal, during meal, and postmeal composite averages; these
ratings were then analyzed by the use of a repeated measures
MANOVA, examining dose (placebo vs. 3.0 

 

m

 

g/kg) by time
interactions. Repeated measures MANOVA was also used to
examine changes in growth hormone response between the
two groups (placebo vs. 3.0 

 

m

 

g/kg) across six time points.
Matched-pair 

 

t

 

-tests were then used to compare groups at spe-
cific time points, and to calculate aras under curve.

 

RESULTS

 

Complete dietary records were received from 12–14 sub-
jects participating in this study. All records were analyzed
with commercially available nutrient analysis software (Nutri-
tionist III, Version 4.0) (18). The records were evaluated for
energy and macronutrient intake. Table 1 illustrates the con-
sumption of subjects for the 3 consecutive days prior to each
admission to the research center. No statistically significant
differences were noted in energy or macronutrient consump-
tion between subjects.

TABLE 1

 

BASELINE ENERGY AND MACRONUTRIENT INTAKE
(MEAN

 

6

 

SE)

Nutrient
Placebo
(

 

n

 

 5 

 

12)

Clonindine
1.5 

 

µ

 

g/kg
(

 

n 

 

5

 

 4)

Clonindine
3.0 

 

µ

 

g/kg
(

 

n

 

 

 

5

 

 12)

 

Energy (kcal) 2144.5
(73.8)

2173
(184)

2070
(140)

Carbohydrate (g) 311.1
(15.4)

270.0
(41.7)

283.1
(25.4)

Protein (g) 67.42
(3.97)

73.2
(13.5)

72.09
(6.53)

Fat (g) 73.67
(4.88)

92.43
(7.18)

72.76
(7.99)

No statistically significant differences were determined between
groups. 
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The amounts of liquid test meal consumed following cloni-
dine and placebo are shown in Fig. 1. Mean meal consumption
was lower after 3.0 

 

m

 

g/kg clonidine than with placebo (514.9 

 

6

 

331.9 g vs. 586.1 

 

6

 

 342.0; 

 

p

 

 

 

5

 

 0.001). Visual analog ratings of
hunger and satiety are shown in Figs. 2 and 3; no significant
differences were seen. Sedation ratings, shown in Fig. 4, did dif-
fer between clonidine and placebo, however, with higher rat-
ings of sedation after clonidine at all time points (

 

p

 

 

 

,

 

 0.001).
Sedation ratings were inversely correlated with meal con-

sumption for subjects receiving clonidine 3.0 

 

m

 

g/kg but not for
placebo (Figs. 5 and 6; for clonidine 3.0 

 

m

 

g/kg, correlation co-
efficient 

 

r

 

 

 

5

 

 

 

2

 

0.584, 

 

p

 

 

 

5

 

 0.028; for placebo, correlation coeffi-
cient 

 

r

 

 

 

5

 

 0.101, 

 

p

 

 

 

5

 

 0.730).
Body mass index was not correlated with consumption; for

clonidine 3.0 

 

m

 

g/kg, correlation coefficient 

 

r

 

 

 

5

 

 0.337, 

 

p

 

 

 

5

 

0.239; for placebo, correlation coefficient 

 

r

 

 

 

5

 

 0.044, 

 

p

 

 

 

5

 

0.881).

Serum growth hormone measurements are shown in Fig. 7.
As expected, growth hormone levels were higher following
administration of clonidine 3.0 

 

m

 

g/kg than following placebo
(AUC for clonidine 1080.64, SEM 339.67; AUC for placebo
771.85, SEM 198.03; clonidine–placebo 

 

5

 

 308.79, SEM 153.04;

 

p

 

 

 

5

 

 0.065).
In subjects receiving the 1.5 

 

m

 

g/kg dose, growth hormone
levels did not differ significantly from those seen in the same
subjects with placebo (1.5

 

m

 

g/kg: 1.10 

 

6

 

 0.54 vs. placebo: 1.84 

 

6

 

1.18). In the subjects receiving 1.5 

 

m

 

g/kg clonidine, meal con-
sumption was again lower than following placebo administra-
tion although this failed to reach statistical significance (522.0 

 

6

 

379.2; 

 

p

 

 

 

5

 

 0.087).

FIG. 1. Test meal consumption.

FIG. 2. Hunger rating.

FIG. 3. Satiety rating.

FIG. 4. Sedation rating.
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DISCUSSION

 

In this study, clonidine did not stimulate feeding in healthy
controls. In fact, lower intake occurred following clonidine
administration. There was a wide variability in response to the
clonidine with some subjects having a substantial increase but
most having little change or a substantial decrement in feed-
ing after the administration of clonidine. Pre- and postmeal
ratings of hunger and satiety were very similar between cloni-
dine and placebo days. Sedation ratings, however, were sub-
stantially higher in the clonidine condition and were statisti-
cally correlated with test meal consumption. It appeared
clinically that subjects were substantially sedated on some
study days but not on others. It may be that the potential im-
pact of clonidine on feeding was negated by sedation; a simi-
lar effect has been described with escalating doses of cloni-
dine used in a rat model (7).

Previous work has defined the pharmacokinetic properties
of both oral and intravenous clonidine (8,9). The dose of
clonidine used in the current study was based on oral doses

that would be expected to yield similar serum levels to prior
studies involving intravenous administration. One might hy-
pothesize that a lower dose would have had a greater impact
on feeding with less sedation, but the results of the 1.5 

 

m

 

/kg
trial do not support this. In fact, the growth hormone levels
from this small sample suggest that 1.5 

 

m

 

/kg is inadequate to
produce the expected increase in growth hormone levels, al-
though a larger sample is clearly required to confirm this. Al-
ternatively, in some animal models of feeding, higher doses
have been used. However, the sedation seen in the current
study suggests higher doses would not have had a greater ef-
fect using this paradigm.

There was a significant difference in growth hormone lev-
els between the placebo and 3.0 

 

m

 

/kg conditions. Although
this does not in itself ensure that sufficient clonidine was given
to achieve any possible effects on feeding, it does suggest that
the dose utilized was sufficient to produce the expected cen-
tral nervous system effects.

Although animal models are exceedingly useful in under-
standing the mechanisms controlling feeding in humans, some
findings may not generalize. This is perhaps most clearly true
for social, interpersonal, and especially cultural issues that ex-
ert greater impact on eating behavior in humans than in ani-
mal models. However, biochemical and neuroendocrine dif-
ferences exist as well. An excellent current example is leptin.
Defects of leptin production or of its receptor have profound
effects on weight in some animal models (4,10,23,27,29). How-
ever, it has proven difficult thus far to demonstrate these de-
fects as a major cause of human obesity (5,6,16,19). A more
complex role may also exist for the 

 

a

 

2

 

-adrenergic system in
human vs animal models.

In conclusion, oral clonidine administration did not in-
crease liquid meal intake in healthy adult subjects; sedation
appears to have reduced meal intake after clonidine adminis-
tration. It appears that the 

 

a

 

2

 

-adrenergic system may exert a
more complex influence on feeding behavior in humans than
in other animal species that have been examined.
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FIG. 5. Consumption and sedation.

FIG. 6. Consumption and sedation.

FIG. 7. Growth hormone response.
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