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The thermogenic properties of ephedrine/
methylxanthine mixtures: animal studies1’2

AG Dulloo and DS Miller

ABSTRACT An over-the-counter preparation containing ephedrine, caffeine, and theophylline
was examined for thermogenic anti-obesity properties. Administration of the methylxanthines to
MSG-induced obese mice for 6 wk had no effect on energy balance or body composition. In contrast,

treatment with ephedrine alone caused losses of 14% in body weight and 42% in body fat, effects
brought about mainly by a 10% increase in energy expenditure. These changes were accentuated
when ephedrine was administered together with one or both methylxanthines: energy expenditure

was increased by a further 10%, and led to a reduction of about 25% in body weight and 75% in body
fat, while the total food intake and body protein were unaltered. These results indicate that dietary
methylxanthines like caffeine and theophylline, although alone have little effect on energy balance,
can nevertheless markedly potentiate the thermogenic anti-obesity effect of ephedrine and normalize

the body composition of the obese to the lean levels. Am J Clin Nuir l986;43:388-394.
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Introduction

The use of thermogenic drugs for the treat-
ment of obesity has enormous pharmaceutical
potential and provides a rational basis for
treatment on the assumption that obesity is
due to a metabolic defect. Much of the evi-
dence of a defective thermogenesis in human
obesity is circumstantial (1), but in animal
models there is overwhelming evidence for an
elevated energetic efficiency in the etiology of
the various genetic, dietary, and hypothalamic
types of obesity (2, 3).

Recent studies have implicated an impor-
tant role for the sympathetic nervous system
(SNS) in the control of diet-induced thermo-
genesis (4-7), and the reports of reduced nor-
adrenaline (NA) turnover rates in various tis-
sues of several obese types (8-12) have
strengthened the case for a search for drugs
that would mimic the effect of NA in stimu-
lating thermogenesis, and could thus lead to
reductions in body fat.

Already a number of novel sympathetic
stimulants with specificity for brown adipose
tissue (13) as well as common sympathomi-
metics currently used for other treatments (14,
15) have been shown to possess thermogenic

properties. In particular, the ability of ephed-
rime to stimulate metabolic rate and thus cause
fat losses in various animal models of obesity
has been established (16-18). On the other
hand, methylxanthines like theophylline are
only effective as thermogenic anti-obesity
agents at high doses, and only in some obese
models (14). We now report the findings of
studies conducted on obese mice showing that
although methyixanthines like caffeine and
theophylline have little long-term influence on
energy balance, they can nevertheless mark-
edly potentiate the thermogenic anti-obesity
effect of ephedrine and lead to a normalization
of the body weight and body composition of
the obese to that of the lean.

Materials and methods

Mice of the CFLP strain were made obese by chemical
lesioning of the hypothalamus following injections of
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monosodium glutamate (MSG) during the fIrst week of
life. Both MSG-obese mice andlean controls were weaned

and maintained on a stock diet (CRM, Christopher Hill
Group, London) for about 3 mo. Energy balance studies
over a period of6 wk were then conducted on male MSG-
obese mice. At the start ofthe experiment, 42 obese mice,
aged 15-16 wk, were divided into seven groups (n = 6)
with similar mean body weights. One group (the Initial
control group) was killed at the beginning to provide the
initial carcass energy. Another group, the No-drug (ND)
control group, was fed a powdered form ofthe stock diet,
while the remaining five groups were also fed the same
diet into which was incorporated the following drug(s):
ephedrine hydrochloride (Thornton and Ross, Linthwaite
Laboratories, UK); caffeine anhydrous (BDH Chemicals
Ltd, Poole, UK); theophylline sodium glycinate (Riker
Laboratories, Loughborough, UK). The ephedrine/meth-
ylxanthine(s) combinations were administered in the same
dose ratios as found in an over-the-counter preparation
“forthe reliefofbronchial coughs, wheezing, breathlessness
and to clear the chest” (Do-Do tablets, product of Ciba
Laboratories, Horsham, West Sussex, UK). The drug doses
(g/kg diet) administered to the various groups are shown
below in parentheses: Group C + T, caffeine (1.36) and
theophyffine (2.27); Group E, ephedrine (1.0); Group E
+ C + T, ephedrine (1.0), caffeine (1.36), and theophylline

(2.27); Group E + C, ephedrine (1.0) and caffeine (3.63);
Group E + T, ephedrine (1.0) and theophylline (3.63). It
should be pointed out that although differences in ther-

mogenic potency between caffeine and theophylline have
not been reported in vivo, the authors do not claim that
all methylxanthines are equally potent.

The animals were housed in a metabolism room main-
tained at 25 ± 1#{176}Cwith a 12:12 light/dark cycle, and

weighed at about the same time on alternate days. Food
intake was measured weekly and for all weeks, and me-
tabolizable energy (ME) was determined by the method

of Miller and Payne (19). At the end of the experiment all
obese animals as well as a group of lean controls (n = 6)
were killed by cervical dislocation. The skull, thoracic,
and abdominal cavities were incised, after which the car-

casseswere dried in an oven at 105#{176}Cfor 48 h. Each dried
carcass was then homogenized in a grinder, and triplicate
samples were analyzed for energy content by bomb cal-

orimetry (19). Carcass fat was measured by the soxhlet fat
extraction method (20) and carcass protein was calculated
from a general formula relating the energy derived from
fat, the total energetic value of the carcass, and the energy
derived from protein (6). Body energy gain was calculated
from the difference between the final body energy content

and the energy content of the initial control group killed
at the beginning of the experiment. Energy expenditure
(total heat production) over the entire 6-wk experimental
period was determined as the difference between the ME
intake and the energy gain-ic by the comparative carcass
method (6, 7). Oxygen consumption over periods of 24 h

was also determined at 25 ± 1#{176}Cusing twin open-circuit
calorimeters described previously (6, 7); the measurements
were carried out on individual animals over two separate
24 h periods during weeks 3-6 of the experiment.

The data on energy balance and body composition of
drug-treated and nontreated obese animals were analyzed
using one-way analysis of variance (values for lean controls
were not included in this analysis). Also calculated is a

critical difference which is the minimum difference be-
tween means that would achieve a significant difference
at the 5% level.

The United Kingdom Home Office Regulations and
Guide for the Care and Use of Laboratory Animals were
followed.

Results

The growth curves of the various groups of
obese animals are shown in Figure 1. The ME
intake calculated over periods of2 wk are rep-
resented in the form of bar-charts. The No-

drug (ND) control group maintained a con-
stamt body weight throughout the experiment.
Administration of caffeine and theophylline
(C + T) caused a transient loss in body weight
over the first week, an effect that is mostly ac-
counted for by a decrease in food intake. Over
the next few weeks, the C + T group gradually
regained its former body weight while on a
level of food intake similar to that of the ND-
control group. At the end of the experiment,
there were no significant differences in body
weight between the C + T group and ND-

control group.
Ephedrine (E) treatment caused a reduction

in body weight of the order of 14% after 2 wk,
and this was at least partially accounted for
by a 6% reduction in food intake. However,
this initial anorectic effect was compensated
for by a 10% increase in food intake over the
next 2 wk, but the E-treated group did not
regain any previous loss in body weight. Dur-
ing the last 2 wk, the lower body weight of the
E-treated group was maintained during peri-
ods when their food intake was similar to that
of the ND-controls. Thus, at the end of the 6-
wk study, the body weight of the E-treated
group was significantly reduced by 16% (Table
1), but the total ME intake over that same
period was no different from that of the con-
trols (Table 2).

The effects of treatments with E + C + T,
E + C, or E + T on the pattern of weight losses
were similar to each other and much more
pronounced than that caused by treatment
with E alone (Figure 1). Over the first 2 wk,
the 25% reduction in body weight in these
groups was at least partly due to reductions of
between 15-23% in food intake compared to
the ND-controls. Over the next 2 wk, however,
the food intake of the E + C + T, E + C, and
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FIG 1. Body weight and food intake (ME) of obese mice during treatment for 6 wk with various combinations of

ephedrine (E), and the methylxanthines caffeine (C) and theophylline (T), compared with the no-drug (ND) controls.
Vertical bars represent the standard errors of mean values.
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E + T groups was significantly higher than
that of the ND control group (by 13%, 15%,
and 24%, respectively), and these increases
compensated for the reductions found during
the first 2 wk. Thus after 4 wk of treatment
with E +C + T, E + C, or E + T, the total
food intake of these groups was similar to that
of the ND control group, and yet they weighed
nearly 25% less than the controls. Their post-
obese body weights were maintained in the
last 2 wk despite the fact that food intake over
that period was still higher by about 10% com-
pared to the ND controls (Figure 1).

Energy expenditure (Table 2), calculated
over the entire experiment by the comparative
carcass method was found to be significantly
higher by about 10% as a result of treatment
with E, and between 18-22% higher by treat-
ment with E + C+ T, E + C, or E + T,
whereas the C + T treatment had no effect on
metabolic rate. The effects of ephedrine alone

or in combination with caffeine and/or the-
ophylline on metabolic rate did not alter body
protein, but the losses of body fat were 42%
with E alone, and nearly 75% with the mix-
turesE+C+T,E+C,orE+T(Table 1).
Measurements of 24 h oxygen consumption
(Table 2) during the second half of the exper-
iment confirm the energy balance data that
the thermogenic effect of ephedrine is poten-
tiated by caffeine or theophyffine: daily oxygen
consumption, expressed per animal, was in-
creased by 8% with E and by 20-24% with E
+ C + T, E + C, or E + T. If the data on
oxygen consumption are expressed as a func-
tion of body weight (eg per kg#{176}75),then daily
metabolic rate was increased by about 14%
with E alone, and by nearly 50% with the mix-
tures E +C + T, E+ C, or E+ T. This po-
tentiatiom of the thermogenic anti-obesity ef-
fects of ephedrine by the caffeine and/or the-
ophylline led to a normalization of the body
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Values are mean ± SE (n = 6). Critical difference is the least significant (p <0.05) difference between means as
assessed by analysis of variance. ND: no-drug, E: ephedrine, C: caffeine, T: theophylline.
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TABLE 1
Final body weight and body composition ofobese mice treated with ephedrine alone or in combination with
caffeine and/or theophylline, and comparison with lean controls

Can� com

GToup Final body wt Fat Prot�n wat�

g g g g

ND control 38.0 ± 0.5 13.2 ± 0.5 5.3 ± 0.6 17.8 ± 0.3

C + T 36.8 ± 0.4 12.9 ± 0.4 5.5 ± 0.5 16.2 ± 0.5
E 32.9 ± 0.7 7.6 ± 0.8 5.3 ± 0.3 19.1 ± 0.4
E + C + T 30.0 ± 0.9 3. 1 ± 0.4 5.2 ± 0.3 20.2 ± 1.0

E + C 27.7 ± 1.1 2.7 ± 0.4 5.8 ± 0.2 18.1 ± 1.2

E + T 28.6 ± 1.5 3.0 ± 0.3 4.9 ± 0.4 19.6 ± 1.0

Lean 30.7 ± 0.4 2.4 ± 0.2 6.0 ± 0.2 21.3 ± 0.7

Significance ofF P < 0.001 P < 0.001 NS P < 0.01
Critical difference 2.6 1.4 1.2 2.1

Values are means ± SE (n = 6).
Each parameter was assessed using one-way analysis of variance (lean values excluded).
Critical difference is the least (p < 0.05) difference between means.
Groups = ND: no-drug treated; E: ephedrine; C: caffeine; T: theophylline.

weight, fat, and protein of the obese to similar abolic rate studies in man have shown that it
levels as that of the lean controls (Table 1). is thermogenic (2 1-23). On the other hand,

theophyllime, which is a very similar com-
Discussion pound to caffeine, is effective in raising the

metabolic rate and lowering the body fat in
The ability of the sympathetic stimulant dietary-induced obese rodents and in the ge-

ephedrine to sustain an increase in metabolic netically obese fafa rats, but not in the genetic
rate and to cause substantial loss in the body ob/ob obese mice nor in the hypothalamic
fat of several animal models of obesity is now (MSG)-obese mice (14). The present study
well established (14-18). In contrast, there is confirms the poor effect of chronic adminis-
virtually no published data about the long- tration of methylxanthines in the MSG-
term influence of caffeine on the energy bal- induced obese mice, but indicates that either
ance of the obese, although several acute met- caffeine or theophylline or both in combina-

TABLE 2
Six weeks energy balance and 24 h oxygen consumption of obese mice treated with ephedrine alone, or in

combination with caffeine and/or theophylline

24 h Oxyen consumption
Total ME Body energy Total ener�

Group intake pin expenditure (L 01/mouse) (L O,Jk�’�”)

kJ/mouse kJ/mouse kJ/mouse

ND control 2502 ± 62 +109 ± 8 2393 ± 66 2.80 ± 0.06 33.2 ± 0.4

C + T 2462 ± 29 +99 ± 7 2363 ± 25 2.71 ± 0.05 32.7 ± 0.6
E 2530 ± 57 -106 ± 24 2636 ± 42 3.03 ± 0.04 38.0 ± 0.7
E + C + T 2604 ± 15 -283 ± 13 2887 ± 14 3.52 ± 0.06 50.0 ± 1.2

E + C 2535 ± 81 -284 ± 16 2820 ± 80 3.40 ± 0.12 49.7 ± 0.9

E+T 2627±73 -296±15 2923±75 3.43±0.12 49.4±1.4

Significance ofF NS p < 0.001 p <0.001 p <0.001 p <0.001
5% critical difference 177 50 173 0.24 2.8
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tion can markedly potentiate the thermogenic
anti-obesity effects of ephedrine, such that
within a period of 4-6 wk, the body compo-
sition of the treated obese animals is normal-
ized to that of lean controls.

The total ME intake was not altered by
treatment with ephedrine alone or in combi-
nation with caffeine and/or theophylline.
However, a closer examination ofthe food in-
take data shows that am anorectic effect over
the first 2 wk no doubt contributed to the rapid

loss in body weight. This appetite suppressant
effect was only transient and was more than
compensated for by an increase in food intake
over the next 2 wk, followed by a level of food
intake similar to that of the nontreated obese
controls during the last 2 wk. The much low-
ered body weight however was not regained,
and measurements of 24 h oxygen consump-
tion during the second half of the experiment
clearly indicate the potent thermogenic effects
of ephedrine especially in combination with
caffeine and/or theophyffine. Similar transient
anorectic effects are common with sympa-
thetic stimulants in some obese animal models
but not in others, and indicate that there are
important differences in the response of the
different types of obesity to the drugs: for ex-
ample, while tranylcypromine and ephedrine
have initial, albeit transient, anorectic effects
in the genetically (ob/ob and fafa) and hy-
pothalamically (MSG) obese animals, they
have no effect on the appetite of dietary-in-
duced obese rodents nor in lean animals (14,
15). No doubt, the classification of drugs as
anorectic or thermogenic would require long-
term energy balance studies in several animal
models. It is not surprising that some of the
most successful anorectic drugs, eg mazindol,
phentermine, fenfluramine, and diethylpro-
pion also have secondary thermogenic prop-
erties (24-27) given that these compounds are
also potent stimulants of the SNS: the contri-
bution of increased thermogenesis to weight
loss by these compounds could well prove to
be significant. But clearly in the case of ephed-
rime alone or in combination with caffeine
and/or theophylline, the thermogenic effects
are of primary importance, especially in
maintaining the post-obese state.

The present study demonstrates the ability
of the ephedrine/caffeine/theophylline mix-

ture to normalize the body weight and body
composition ofthe MSG-obese mice, and also
indicates that the potentiation of the ther-
mogenic effect of ephedrine could be attrib-
uted to the general class of methylxan-
thine compounds. The exact pharmacological
mechanisms by which noradrenaline (NA)
controls whole body thermogenesis is un-
known. However, it is generally accepted that
at least part ofthe metabolic and thermogenic
responses to NA are mediated by an increase
in intracellular concentrations of cAMP fol-
lowing /3-adrenergic stimulation of the mem-
brane bound enzyme adenylate cyclase.
Within the cell itself, cAMP is broken down
by the enzyme phosphodiesterase, and in ad-
dition there is also some evidence that aden-
osine released from the cells in response to
sympathetic stimulation, can inhibit NA re-
lease and/or act on specific receptors to inhibit
the accumulation of cAMP (28, 29). Meth-
ylxanthines, in particular caffeine and the-
ophylline, have the ability to inhibit both the
effects ofadenosine and phosphodiesterase, ie
properties that would lead to prolongation of

the effects of sympathetic stimulation. Such
mechanisms of actions of methylxanthines on
sympathetic activity could underlie the phar-
macological basis by which they can increase

energy expenditure and induce fat losses in
some obese models. On the other hand, the
failure of methylxanthines alone to have any
thermogenic anti-obesity effect in the MSO-
induced obese mice is compatible with the
concept of a diminished sympathetic activity
as the underlying cause for the elevated ener-
getic efficiency that occurs following chemical
lesioning of the hypothalamus. In the absence
of sufficient sympathetically released NA, both
the activities of adenosine and phosphodies-
terase would be relatively low, and conse-
quently, their inhibition by methylxanthines
is unlikely to cause any marked change in
sympathetic tone and thermogenesis. In con-
trast, ephedrine by its ability to enhance NA
secretion (30) and also to stimulate adrenergic
receptors (31) would increase sympathetic ac-
tivity and metabolic rate. This increased NA
secretion and consequent increase in intracel-
lular cAMP levels would be sustained by the
ability of the methylxanthines to inhibit phos-
phodiesterase. This could provide a possible
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mechanism by which methylxanthines can

potentiate the thermogenic effects of ephed-
rime: the combined effects of ephedrine and a
methyixanthine could be said to be that of a
long-acting NA which corrects the defective
thermogenesis of animals that become obese
following lesions in the hypothalamus.

The present findings that the MSG-obese
animals are responsive to the thermogenic ef-

fects ofephedrine with or without methylxan-
thines are in agreement with our previous re-
port of an unimpaired thermogenic response
to different doses of NA in this obese model
(32), and support our suggestion that obesity
is not due to an insensitivity to NA, but rather
to a deficiency of NA. This concept that the
primary cause of the thermogenic defect in
obesity results from a diminished SNS activity
is further supported by the demonstration of
a reduced NA turnover rate in young MSG-
obese mice (12) and also in other animal obese
models (8-11).

An important role of the SNS in energy bal-
ance regulation and thermogenesis is also ev-
idenced by the fact that in lean mice, sym-
pathetic denervation of brown fat (6), or

chronic treatment with sympathetic inhibitor
drugs (7) results in an elevated efficiency of
food utilization and increased body fat. Thus
in animals made obese by hypothalamic le-
sions, the central outflow of SNS activity is
impaired, but the secretion of NA and ther-
mogenesis may be restored by a combination
of ephedrine and methyixanthine which nor-
malizes the body composition of the obese to
that of the lean. 0

The authors thank Mr R Andrews for his excellent

technical assistance, and are grateful to Riker Laboratories
for the supply of theophylline sodium glycinate.
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