Pharmacology Biochenustry & Behavior, Vol 20, pp 911-916, 1984 © Ankho International Inc Printed in the U S A

Modifications in Food Intake and
Energy Metabolism in Rats as a Function
of Chronic Naltrexone Infusions’

ROBIN MARKS-KAUFMAN, TOVY BALMAGIYA AND ELIZABETH GROSS
Institute of Human Nutritton, Columbia University, 630 West 168th Street, New York, NY 10032

Received 30 September 1983

MARKS-KAUFMAN, R., T BALMAGIYA AND E. GROSS. Modifications in food intake and energy metabolism in rats
as a function of chronie naltrexone infustons PHARMACOL BIOCHEM BEHAYV 20(6) 911-916, 1984.— The effects of
chronic naltrexone infusions on food intake and energy balance were examimed 1n male rats. Animals were fed either Purina
Chow, or chow plus a 32% sucrose solution. After one week of being maintained on these diets, amimals were implanted
(intrascapularly) with osmotic minipumps infusing either 200 ug/kg/hr naltrexone hydrochlonde or saline. Sucrose +
chow-fed animals exhibited increased O, consumption, increased CO, production and an elevation in the respiratory
quotient (RQ) relative to chow-fed controls When infused with naltrexone, sucrose + chow-fed animals decreased food
intake and body weight gain. While chow-fed animals also suppressed food intake and body weight gain, these decreases
were not as great as those observed 1n sucrose + chow-fed ammals. As a function of naltrexone administration, both
chow-fed and sucrose + chow-fed ammals altered their metabolism as reflected by decreased RQ and adiposity as
determmed by skinfold measurements In addition, sucrose feeding led to a hyperthermia which was reversed by nal-
trexone infusions Thus, chronic naltrexone admimstration depressed appetite, reduced energy production and mduced
hypothermia in rats As naltrexone 1s thought to block the endogenous opioid system, this suggests that the endorphins are

0091-3057/84 $3 00 + 00

involved m the regulation of food intake and thermogenesis

Naltrexone Endorphins Energy metabolism

Obesity

Gas exchange Rat

ACUTE administration of opioid antagonists has been
shown to decrease feeding behavior under a variety of exper-
imental conditions (for review [16,22]). Both free-feeding
and food-deprived rats suppress food intake following the
administration of naloxone [4, 8, 14, 19]. In addition to acute
mjections of opioid antagonists modifying energy intake,
chronic administration of these substances has also been
found to alter feeding behavior In general, chronic injec-
tions of opiate antagonists have been found to decrease food
intake {2, 9, 12, 18]. For example, infusing animals with
naloxone over a one-week period led to a sustained suppres-
sion 1 food intake [9]. Both decreases in food intake and
body weight gain following chronic opiate antagonist admin-
istration have been reported in genetically obese animals [18]
and animals made obese by bemng maintained on a
“‘cafetena-style’” feeding regime [13].

While there has been much work on the role of the opioid
peptides in feeding behavior, there is limited information on
the role of these substances in energy metabohsm. It has
been suggested [13] that the endogenous opiates may play a
role in conserving energy. Chronic admimstration of
naloxone in “*cafeteria-fed’” rats resulted in a suppression in
the weight gain typically seen in these animals, This decrease
1n weight gain was thought to be a function of both a de-
crease in food intake and an increase 1n energy expenditure,

as measured indirectly by oxygen consumption at ther-
moneutrality.

The present experiment further explored the role of
chronic opiate antagonist administration on food intake,
obesity and energy metabolism. Food intakes and body
weight gains were monitored following chronic naltrexone
infusions in both animals maintained on a standard labora-
tory diet and animals given access to this diet plus a 32%
sucrose solution (a diet resulting in hyperphagia and in-
creased adiposity) [10]. In order to determine the effects of
chronic naltrexone infusions on overall energy balance, al-
terations in O, consumption, CO, production, and core and
shell temperatures were also measured.

METHOD
Animals

Twenty-eight male Sprague-Dawley rats (CD outbred,
Charles River Breeding Laboratories, Wilmington, MA),
weighing an average of 330 g at the beginning of the study,
were used. Animals were housed individually m standard
laboratory cages in a temperature-controlied room (23-25°C)
maintained on a 12:12 hour light-dark cycle (lights on 0800
hr).

"This research was supported by USPHS grant AM 32080 to Robin Marks-Kaufman.
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FIG. 1 Mean caloric intakes =S.E M., averaged over one week

periods, of Chow-fed animals implanted with osmotic minipumps
infusing either saline or naltrexone. Mimipumps were implanted n
amimals at the end of week 1 on the diet, and removed at the end of
week 3 on the diet.*Significantly different from saline

Procedure

Anmmals were divided into two groups matched on the
basis of body weight. The sucrose + chow-fed group (n=14)
was given ad lib access to ground Purina Rodent Chow No.
5001 (caloric density=3.6 kcal/g), water and a 32% sucrose
solution (1.28 kcal/mi). The sucrose solution was prepared
from commercial-grade sugar and tap water on a weight per
volume basis. The chow-fed group (n=14) received only
Purina Chow and water. Food was provided in Wahmann
(Timonium, MD) LC-306A spill-proof stainless steel food
cups. Both the sucrose solution and water were provided
inverted 250 ml glass bottles with rubber stoppers and non-
leaking metal drinking spouts. Body weights, food, sucrose
and water intakes were measured daily throughout the exper-
iment.

After one week of being maintained on their respective
diets, amimals in each diet condition were again divided into
two groups. Halif the sucrose + chow-fed and half the chow-
fed amimals were implanted subcutaneously (intrascapular
region) with osmotic minipumps (Alzet No. 2002) filled with
naltrexone hydrochloride (160 mg naltrexone/ml in 0.9%
saline). Naltrexone hydrochloride was generously provided
by Endo Laboratories (Garden City, NY). Delivery rate of
the drug was approximately 200 pg/kg/hr for a period of 14
days. The remaining animals in each group were implanted
with minipumps filled only with the saline solution. After a
two-week drug period the pumps were removed and data
collected for another two weeks. Both implantation and re-
moval of the pumps were done under ketamine anesthesia
(40 mg/kg, IP).

CO, production, O, consumption, skinfold thickness, and
rectal, paw and tail temperatures were measured both during
the baseline (pre-implantation) and drug (post-implantation)
periods.

Resting metabolic rate was calculated using indirect
calorimetry by measuring gas exchange in an open circuit
system [15]. Prior to the mitial measurements, rats were ac-
climated to the experimental chambers. The air 1n the cham-
bers was maintained at 23-25°C, equal to the air temperature
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FIG 2 Mean total caloric intakes +S E M (sum of calories from
Purina Chow plus the 32% sucrose solution), averaged over one
week periods, of Sucrose + Chow-fed animals implanted with os-
motic mumpumps infusing either saline or naltrexone Minipumps
were implanted 1n amimals at the end of week 1 on the diet, and
removed at the end of week 3 on the diet *Significantly different
from saline

in the animal room. The metabolic chamber ( glass des-
sicator) was equipped with mlet and outlet ports of /4 inch
in diameter The expired air from the animals was mixed
with room air flowing through the metabolic chamber This
mixture of gases was drawn from the chamber by a gas sam-
pling pump (AS-300, Spectrex) equipped with rheostatic
rough and fine adjusters for maintaining constant air flow.
Air was then passed successively through a drying cylinder
(4 mesh anhydrous CaSQ,, drierite, Hammond), a 7 micron
brass filter and a fine metering valve (Nupro Co.) to a
paramagnetic oxygen analyzer (Beckman, mode! 755) and to
a non-dispersive Infrared CO, Analyzer (Beckman, model
864) at flow rates of 800 ml/min for each analysis. The flow
rate was constantly monitored by an electromc mass
flowmeter with a digital scale (Matheson, model 8160) The
output of both the O, analyzer and CO, analyzer were re-
corded on a dual chart recorder (Beckman, model 8720A) as
percent gas concentrations with a charge speed of 38
mm/min

The gas analyzers were calibrated with room air (20.93%
O, and 0.03% CO,) and span gas mixture (16% O, and 2%
CO,, Matheson). Each animal was placed n the chamber for
a 30 minute acchmation period followed by a 30 minute con-
tinuous monitoring test period. All data were converted to
standard temperature and pressure, dry.

Body temperatures were monitored with a Tele-
thermometer (model 73TA, Yellow Springs Instr. Co., Yel-
low Springs. OH). Rectal temperature measurements were
taken with a thermistor probe (No 701) mnserted 6 cm into
the rectum. A small surface, teflon-covered stainless disc
temperature probe (No. 727) was used to monitor paw and
tail temperatures

Skinfold thickness was measured with a Adipometer
Skinfold Caliper for rats (Ross Laboratonries, OH). Skinfold
thickness was taken as the sum of skinfolds from three sites
(neck. subscapular and back).

Statistical Analysis

All data were analyzed using two-way analysis of vari-
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ance with diet and drug conditions as between group factors.
Caloric intakes and body weights were analyzed across
7-day periods. All analyses were followed by a posteriori
multiple comparison tests. Data reported as significant have
a p-value of 0.05 or less.

RESULTS
Food Intake

Following the first week of drug administration, chow-fed
animals receiving naltrexone exhibited a significant sup-
pression in food intake relative to saline-infused animals
(Fig. 1). This difference was no longer significant by the
second week of the drug period. Feeding behavior was not
modified as a function of withdrawal of the drug in chow-fed
animals.

During the first week of naltrexone infusions, sucrose +
chow-fed animals exhibited a greater suppression in total
caloric intake relative to saline-infused controls than chow-
fed amimals (Fig. 2) Sucrose + chow-fed animals infused
with naltrexone consumed approximately 76% of the calories
consumed by saline-mfused sucrose + chow animals. In con-
trast, chow-fed animals receiving the drug ate approximately
83% of the calories of their controls. While the total caloric
mtake of the sucrose + chow-fed animals receiving nal-
trexone returned to saline control levels by the second week
of drug administration, chow intake of these animals re-
mained significantly suppressed during the entire drug
period. In contrast to chow intake, sucrose intake was not
significantly modified as a function of the drug. No altera-
tions in feeding behavior were observed when the drug was
withdrawn (Fig 2).

Body Weight and Adiposity

Although no significant modifications in body weight
were observed in chow-fed animals as a function of nal-
trexone administration, these animals did appear to have
slightly suppressed body weights across the drug period rel-
ative to animals infused with saline. Body weights in these
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TABLE 1

Skinfold Thickness (mm) =+ SEM

Pre Post
Sucrose + Chow-fed
Saline-infused 8.14 = 030 1043 = 058
Naltrexone-infused 886 + 036 8.11 + 037*
Chow-fed
Saline-infused 891 = 021 9.93 + 0.49
Naltrexone-infused 864 + 032 797 + 0 35*%

Mean skinfold thickness (mm) = S.E M of Sucrose + chow-fed
and Chow-fed animals infused with either saline or naltrexone, be-
fore mmipump implantation (PRE) and after mmipump implantation
(POST)

Skinfold thickness was taken as the sum of skinfolds from 3 sites
(neck, subscapular and back).

*Significantly different from saline

animals returned to saline control levels when the pumps
were removed (Fig. 3).

Body weights of sucrose + chow-fed animals receiving
naltrexone were sigmficantly suppressed across the entire
drug perniod relative to saline animals. When the minipumps
were removed, animals began to rapidly gain weight, though
they never attained control levels (Fig. 3).

Although no significant modifications in body weight
were observed in chow-fed animals as a function of drug
administration, naltrexone administration resulted in a signif-
icant suppression in skinfold thickness in chow-fed animals
relative to animals infused with saline. This was also ob-
served in sucrose + chow-fed animals infused with nal-
trexone. These amimals exhibited significantly less adiposity
than saline-infused controls, as indirectly measured by skin-
fold thickness (Table 1).

Energy Production

While there were no significant modifications in either O,
consumption (Table 2) or CO, production (Table 2) in chow-
fed animals infused with naltrexone, these animals exhibited
a significant suppression in their respiratory quotient (RQ)
relative to saline-infused controls (Table 2).

Sucrose + chow-fed animals exhibited modifications in
energy metabolism relative to chow-fed animals. Differences
m O, consumption (Table 2) were observed by the third week
of the study as a function of diet, with sucrose + chow-fed
animals consuming significantly more O, than chow-fed con-
trols. Significant increases in CO, production (Table 2) were
observed in sucrose + chow-fed animals relative to chow-fed
animals by the first week of access to the diets. Changes in
CO, production were reflected 1n significant modifications in
RQ (Table 2), with sucrose + chow-fed animals exhibiting
elevations in RQ both during the first and third weeks of the
experiment. Changes in energy metabolism were also ob-
served in sucrose + chow-fed animals as a function of nal-
trexone admimstration. While there were no sigmificant
modifications in O, consumption, CO, production was signif-
icantly suppressed in sucrose + chow-fed animals receiving
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TABLE 2
GAS EXCHANGE PARAMETERS

O, consumption

CO, production Respiratory Quotient

Pre Post Pre Post Pre Post
Sucrose + chow-fed
saline-infused 081 +002 084 + 003 075 + 003 077 £ 004 093 + 008 092 + 001
naltrexone-infused 080 +012 074 £ 005 071 =005 059 = 003* 091 =002 082+ 003
Chow-fed
saline-infused 081 +006 069 + 0.04 067 =002 057+003 082 +002 082 + 001
naltrexone-infused 0.76 + 0 04 072 003 064 + 002 054 + 001 084 £ 002 075 + 002

Mean O, consumption (ml O,/g/hr) = S.E.M . mean CO, production (m! CO,/g/hr) = S E M | and mean respiratory quotient (RQ)
of Sucrose + Chow-fed and Chow-fed amimals infused with either saline or naltrexone, before mmpump implantaion (PRE) and after

minipump 1mplantation (POST)
*Significantly different from saline

naltrexone. These changes were reflected 1n decreases in RQ
in naltrexone-infused animals relative to saline-infused
animals.

Core and Shell Temperature

No modifications 1n rectal, paw or tail temperature were
observed in chow-fed animals as a function of naltrexone
administration.

While there were no modifications n shell temperature as
a function of diet, rectal temperature was significantly ele-
vated by the third week of the study in sucrose + chow-fed
animals relative to chow-fed animals (Fig. 4). When sucrose
+ chow-fed animals were infused with naltrexone, there was
a significant suppression in rectal temperature, with no
changes 1n paw or tail temperatures observed as a function of
the drug.

Wuter Intake

Animals given access to sucrose + chow drank signifi-
cantly less water than chow-fed animals over the entire
course of the study. Naltrexone infusions led to a significant
decrease 1n water intake in chow-fed animals over the two-
week drug period, with water intake returning to control
levels when the minipumps were removed (Table 3). While
sucrose + chow-fed animals mfused with naltrexone de-
creased water intake during the drug period relative to
saline-mfused ammals, this decrease was not significant.
This was probably due to the low baseline levels of water
being consumed by these animals (Table 3).

DISCUSSION

Chronic naltrexone nfusions resulted in decreased en-
ergy mntake in both animals maintained on a standard labora-
tory diet and animals given access to a 32% sucrose solution
in addition to this diet. Food intakes were suppressed for the
first week of the naltrexone nfusions, but returned to
baseline levels by the second week of the drug period. These
data are consistent with previous studies which have re-
ported early suppressions 1n feeding behavior following
chronic opiate antagonist administration [2, 9, 23] For
example, rats injected with naloxone n a slow-release vehi-
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FIG 4 Mean rectal temperature (°C) =S.E M of Sucrose + Chow-
fed and Chow-fed amimals infused with either saline or naltrexone,
before minipump implantation (PRE) and after minipump implanta-
tion (POST) *Significantly different from saline

cle decreased food intake for a 2 to 4 day period. This was
followed by a return of feeding towards control levels [2]
Similarly, it was reported that some tolerance to the feeding
effects of naloxone may develop following one week of
minipump infusions [9]. In contrast, 1t was noted that when
rats were mamtamed on a cafeteria-style feeding regime, de-
creased feeding still occurred after 30 days when naloxone
was administered n a long-lasting vehicle [13]
Interestingly, in the present study, even though total en-
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TABLE 3
WATER INTAKE (mh) =+ SEM
Baseline Pumps In Pumps Out
Week 1 Week 2 Week 3 Week 4 Week 5
Sucrose + Chow-fed
saline-infused 1221 =258 11.36 + 2 48 1043 =203 8.26 + 157 1310 + 245
naltrexone-infused 11.86 ~ 199 697 £ 112 7.74 + 1 80 6.17 = 1 11 1521 =265
Chow-fed
saline-infused 46.59 = 1 46 49.64 + 2 43 48 77 = 1 49 4609 = 175 4977 + 374
naltrexone-induced 4356 = 1 86 36 76 + 2 04* 3830 + 1.77* 49 44 + 196 44.93 + 2 68

Mean water intake (ml) + S E.M , averaged over one-week periods, of Sucrose + Chow-fed and Chow-fed animals
implanted with osmotic mmipumps infusing either saline or naltrexone
Minipumps were implanted at the end of week 1 on the diet, and removed at the end of week 3

*Significantly different from saline

ergy intake was no longer decreased in sucrose + chow-fed
animals by the second week of naltrexone infusions, body
weights were still suppressed. Brands ¢t «l [2] reported that
while food intake was reduced for only a 2 to 4 day period
following the injection of naloxone in a slow-release vehicle,
body weights were significantly suppressed for up to eleven
days. Decreases in body weight gain with chronic opioid
antagonist administration have also been reported in both
cafeteria-fed rats [13] and genetically obese mice [18].

In addition to changes 1n energy intake, modifications in
energy production were also observed in the present study.
Animals given access to sucrose + chow exhibited eleva-
tions in O, consumption, CO, production and RQ. The high
CO, production observed in the present study, reflects the
fact that the main source of fuel for the sucrose + chow-fed
animals was carbohydrates, with S0 to 60% of their calores
alone coming from sucrose. In addition, changes in O, con-
sumption observed in these animals are consistent with the
well-described phenomenon of so called longstanding **diet-
induced thermogenesis™ (DIT) [20, 24, 26] DIT allows
animals consuming excess calories to try to maintain energy
balance by increasing heat production. This increase in heat
production is thought to occur mainly by non-shivering
thermogenesis (NST) via sympathetic stimulation of brown
adipose tissue [1,7]. Interestingly, sucrose feeding has been
shown to induce increased peripheral sympathetic nervous
system activity, with both increased catecholamine content
and turnover found 1n tissues [11].

Naltrexone-treated sucrose + chow-fed animals showed a
decrease 1in both CO, production and RQ. While these
animals showed no suppression in sucrose intake by the sec-
ond week of the drug period, it appeared as if they were no
longer using carbohydrate as their main source of fuel.
Changes in RQ suggest that animals were now burning calo-
ries from erther fat or protein stores as a source of energy In
addition to changes in RQ, decreases in both body weight
and skinfold thickness support this suggestion. In contrast to
the present study, Mandenoff ¢r al. [13] found that chronic
naloxone njections resulted in significant elevations in rest-
ing O, consumption in both cafeteria fed rats and rats main-
tained on a standard laboratory diet. One possible explana-
tion for these different findings may be that Mandenoff et al.
tested animals at thermoneutrality (29°C), while 1n the pres-

ent study animals were monitored at ambient temperature
(23-25°C) At thermoneutrahty, the basal metabolic rate
would be monitored as the main source of heat production.
This would not be the case at ambient temperature where
both the basal metabolic rate and NST would contribute to
changes 1n oxygen consumption. Differences between the
two studies may then be a function of monitoring changes
NST. particularly since NST is greatly influenced by both
nutritional factors and drug challenges [21,25].

There are a number of possible explanations for the ob-
served changes in energy metabolism following opioid
antagonist administration. First, naltrexone may be affecting
the gastrointestinal tract resulting in malabsorption of nutri-
ents. If nutrients were malabsorbed in the gut, animals might
start to utilize their own fat and protein stores as a source of
energy. This possibility is presently being investigated.

Second, sucrose overfeeding 1s reported to lead to in-
creases 1n lipoprotein lipase (LPL) activity and elevations in
circulating triglyceride (TG) levels. Both increases in LPL
and TG are thought to enhance fat deposition and contribute
to obesity by stimulating the uptake of free fatty acids into
white adipocytes [5,17]. In addition to increasing both LPL
activity and plasma TGs, overfeeding with carbohydrates
has been found to elevate insulin levels [6]. Naltrexone may
be suppressing these carbohydrate-induced changes. result-
ing in decreased fat deposition

Finally, chromc naltrexone infusions resulted in an 1m-
pairment in thermoregulation 1n animals given access to su-
crose + chow. While sucrose feeding itself led to a hyper-
thermia, naltrexone infusions resulted in a sigmficant sup-
pression in core temperature in these animals. In general, at
ambient temperature, naloxone and naltrexone are reported
to have little effect on body temperature regulation when
njected alone [3]. However, in the present study, when core
temperature had been elevated following sucrose feeding,
naltrexone suppressed this increase.

While simitar changes in food intake and energy metabo-
lism were observed in animals on both dietary regimes, these
effects were more pronounced in the sucrose + chow-fed
ammals. As naltrexone 1s thought to block the endogenous
opioid system, these data suggest that there is an interaction
between diet and the opioid peptides. Further research is
necessary to help delineate this complex interaction.



916

MARKS-KAUFMAN, BALMAGIYA AND GROSS

REFERENCES

Buckoweicki, L, A J Collet, N Foliea, G Guay and L
Jahjah. Brown adipose tissue hyperplasia a fundamental mech-
amsm of adaptation to cold and hyperphagia Am J Phvsiol 242;
E353-E359, 1982

Brands, B.,J A Thornhill, M Hirst and C W. Gowdey Sup-
presston of food mntake and body weight gain by naloxone n
rats Life Sci 24: 1773-1778, 1979

Clark, W. G and Y L Clark Changes in body temperature
after administration of acetylcholine, histamine, morphine,
prostaglandins and related agents Newrosci Biobehav Rev 4:
175-240, 1980

Cooper, S.J Naloxone Effects on food and water consumption
in the non-deprived and deprived rat Psychopharmacology
(Berlin) 71: 1-6, 1980

Cryer, A Tissue hpoprotemn ltpase activity and its action 1n
lipoprotemn metabolism Int J Biochem 13: 525-541, 1981
Granneman, J G and G N Wade Effect of sucrose overfeed-
ing on brown adipose lipogenesis and lipoprotein lipase activity
n rats Metabolism 32: 202-207. 1983

Himms-Hagen, J . J Trandafillou and C Gwilham Brown
adipose tissue of cafeteria-fed rats Am J Phvsiol 241: E116-
E120, 1981

Holtzman, S G Behavioral effects of separate and combined
administration of naloxone and d-amphetammne. J Pharmacol
Exp Ther 189: 51-60, 1974

Jalowiec,J E.,J Panksepp, A J Zolovick, N Najam and B
H Herman Opioid modulation of ingestive behavior Phai-
macol Biochem Behav 15: 477-484, 1981

Kanarek, R. B and R Marks-Kaufman Developmental aspects
of sucrose-induced obesity in rats Phvsiol Behav 23: 881-885,
1979

Landsberg, L. and J B Young Diet-induced changes in sym-
pathoadrenal activity implications for thermogenests and obe-
sity  Obesity Metabol 1: 5-33, 1981

Lang, I. M, J C Strahlendorf. H K Strahlendorf, L. O
Lutherer and C D. Barnes. The effects of chromc administra-
tion of naltrexone on appetite and water exchange n rats
Pharmacol Biochem Behav 16: 909-913, 1982

Mandenoff, A, F Fumeron, M Apfelbaum and D L Mar-
gules Endogenous opioids and energy balance Science 215:
1536-1537, 1982

14

15

Marks-Kaufman, R and R B Kanarek Modifications of nutri-
ent selection induced by naloxone inrats Psyc hopharmacology
(Berlin) 74: 321-324, 198]

Morrtson, P and G C West Method of measuring respiratory
exchange 1n terrestnial vertebrates In Methods in Ecological
Bioencrgentics, edited by W Grodzmski, R Z Klekowskr and
A Duncan Oxford' Blackwell Scientific Publications. 1975, pp
293-324

Morley,J E..A S Levine,G K Yimand M T Lowy Opoid
modulation of appetite Neurosci Biobehav Rev 7: 281-305.
1983

Nilsson-Ehle, P, A S Garfinkel and M C Schotz Lipolytic
enzymes and plasma lpoprotetn metabolism Annu Rev
Biochem 49: 667693, 1980

Recant, L . N R Voyles. M Luciano and C. B Pert Nal-
trexone reduces weight gan, alters ‘*B-endorphm.” and re-
duces msulin output from pancreatic islets of genetically obese
mice Peptides 1: 309-313, 1980

Rogers. G H . H Frenk, A N Taylor and ] C Liebeskind
Naloxone suppression of food and water intake 1 deprived rats
Proc West Pharmacol Soc 21: 457-460, 1978

Rothwell. N J, M J Stock and D Stribhng Diet-induced
thermogenests Pharmacol Ther 17: 251-268, 1982

Rothwell, N J . M J Stock and M. G Wyllie Sympathetic
mechanisms in diet-induced thermogenesis modification by cic-
lazindal and anorectic drugs BrJ Pharmacol 74: 539-546, 1981
Sanger, D J Endorphinergic mechanisms 1n the control of food
and water intake Appente 2: 193-208, 1981

Schulz, R, M Wuster and A Herz Interaction of am-
phetamine and naloxone i feeding behavior n guinea pigs Eur
] Pharmacol 63: 313-319, 1980

Trayhurn. P and W P T James Thermoregulation and non-
shivering thermogenesis n the genetically obese (ob/ob) mouse
Pflugers Arch 373: 189-193, 1978

Trayhurn, P and W P T James Thermogenesis Dietary and
non-shivering aspects In The Body Weight Regulatory Svstem
Normal and Disturbed Mechanisms, edited by L A Cioffi
New York Raven Press. 1981, pp 97-105

Tulp, O L ,R Frnk and E Danforth Effect of cafetera feed-
ing on brown and white adipose tissue cellularity. ther-
mogenesis and body composttion n rats J Nutr 112: 2250-2260,
1982



