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Abstract emia of obese rats, but it did not alter insulinemia of
PICARD, FREDERIC, YVES DESHAIES, JOSE  lean animals.

LALONDE, PIERRE SAMSON, AND DENIS RICHARD. Discussion: The present results provide sound evidence
Topiramate reduces energy and fat gains in l¢aq) and ~ for the ability of TPM to reduce fat and energy gains
obese fa/fa) Zucker ratsObes Res2000:8:656 —663. through reducing energetic efficiency in both lean and
Objective: This study examined the effects of topiramate Obese Zucker rats.

(TPM), a novel neurotherapeutic agent reported to reduce _ )

body weight in humans, on the components of energy bal- K&y words: anticonvulsant drug, food intake, energy
ance in female Zucker rats. expenditure, adipose tissue, body composition

Research Methods and Procedure#& 2 X 3 factorial

experiment was performed in which two cohorts of Zucker Introduction

rats differing in their phenotype (phenotype: led¥a/?, The effects of antiepileptic drugs (AEDs) on energy
obesefa/fa) were each divided into three groups defined by balance have not been thoroughly investigated. Nonethe-
the dose of TPM administered (dose: TPM 0, vehicle; TPM less, increases in body weight gain have been reported, in
15, 15 mg/kg; TPM 60, 60 mg/kg). particular after administration of anticonvulsant drugs that
Results: The reduction in body weight gain induced by Predominantly potentiatg-aminobutyric acid (GABA) in-
TPM in both lean and obese rats reflected a decrease in totahibitory neurotransmission. Indeed, drugs such as valproate
body energy gain, which was more evident in obese than inand benzodiazepine, which enhance the activity of the
lean rats. Whereas TPM administration did not influence the GABA, receptor, and vigabatrin, which inhibits the break
intake of digestible energy in lean rats, it induced a reduc- down of GABA, have been reported to promote weight gain
tion in food intake in obese animals. In lean, but not in in clinical trials (1-3).

obese rats, apparent energy expenditure (as calculated by Topiramate (TPM) is a structurally novel neurotherapeu-
the difference between energy intake and energy gain) wastic agent synthesized frorn-fructose and it contains a
higher in rats treated with TPM than in animals adminis- Sulfamate moiety that is essential for pharmacological ac-
tered the vehicle. The low dose of TPM decreased fat gain tivity (4). TPM currently is indicated for the treatment of
(with emphasis on subcutaneous fat) without affecting pro- €pilepsy, and is undergoing development for a wide variety
tein gain, whereas the high dose of the drug induced a of other indications including neuropathic pain, bipolar dis-
reduction in both fat and protein gains. The effects of TPM Order, and migraine. TPM has been reported to exert mul-
on muscle and fat depot weights were representative of thetiple biochemical/pharmacological effects that may deter-
global effects of TPM on whole body fat and protein gains. Mine its broad range of activities including anticonvulsant,
The calculated energetic efficiency (energy gain/energy in- @nalgesic, and mood-stabilizing properties. In contrast to
take) was decreased in both lean and obese rats after TPMNOst AEDs, TPM seems to promote body weight loss in

treatment. TPM dose independently reduced hyperinsulin- humans (1,5). Mechanistically, the basis for this effect is not
known. Five biochemical pharmacological properties of

TPM have been identified including the following: a posi-
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channels (15). The fifth known property is an inhibitory Institute (Raritan, NJ). The doses were selected based on
effect on carbonic anhydrase (CA), particularly CA-ll and previous pharmacokinetic trials (4). One-third of the dose
CA-IV (16). Although the modulatory effect of TPM on was given in the morning, and the remaining two-thirds
GABA, receptors differs from that of other AEDs (4), this were administered 2 hours before dark to obtain maximal
property would be expected to promote weight gain rather effects of TPM during the period of peak activity of
than weight loss. Recently, evidence has been reportedthe animals. The doses of TPM were adjusted every other
suggesting that AEDs, which inhibit the activity of some day after the recording of body weight. Rats were treated
glutamatergic receptors, could promote weight loss (2). A for 4 weeks.

possible role for the glutamaté-methylb-aspartate recep-
tor in body weight control was suggested by a study in
which theN-methyl-D-aspartate receptor coagonist glycine
stimulated feeding behavior when administered into the

Iat_t[a_:]al hgpotha{gmt:ﬁ c:f_rrgtsl (17).  reduci ttoct food ingested were monitored every other day. Food spilled
€ observation tha may exert reducing etects on ,, e apsorbent paper was carefully collected, allowed to
bady weight in humans prompted us to undertake a series Ofdry, and accounted for in the food-intake calculations. En-

expe_riments in the rat, with the objective of describing in ergy intake was calculated by multiplying cumulated in-
detail the components of energy ba'af‘ce that are affected bytakes of food by the digestible energy (DE) content of the
the drug. To this end, a X 3 factorial experiment was diet. The DE was determined as being 95% of the gross

performed in which two cohorts of Zucker rats differing in . . : . S

. ) i gy density of the diet. This determination was based on
themzhggogype (prf:enotype. le deii th_ ? gkt))esi,faga) We;eTPM previous studies (18,19), in which the energy content of the
each divided into three groups defined by the dose o feces was analyzed.

administered (dose: TPM 0, vehicle; TPM 15, 15 mg/kg; At the end of the experimental treatment, overnight-

TPM 60, 60 mg/kg). fasted rats (from 7:0@m to the time of killing [1:00,Mm])

were anesthetized with an intraperitoneal injection of 0.4

mL/kg of a ketamine (20 mg/mL) and xylazine (2.5 mg/mL)

Research Methods and Procedures solution. The rats were killed between 1:0@and 3:00°Mm.
Animals and Treatments The time of killing alternated among rats to balance the
Lean Fa/?) and obesefé/fa) female Zucker rats, aged 4  effect of fasting duration among groups. Blood was har-

to 5 weeks, were purchased from the Canadian Breedingvested immediately thereafter by cardiac puncture and cen-
Laboratories (St-Constant, Canada). Females were used intrifuged (1500 X g, 15 minutes at 4 °C); the separated
stead of males because the latter were not available at theplasma was stored at70 °C until later biochemical mea-
time this study was realized. Gender-dependent effects ofsurements. Carcasses were autoclaved at 125 kPa for 15
TPM were not expectea priori, as TPM had not been minutes. This procedure, which had been reported not to
systematically tested for its effects on body weight. All rats affect energy yield (20), was used to soften hard tissues.
were cared for and handled in accordance with the CanadianOnce autoclaved, carcasses were homogenized in a volume
Guide for the Care and Use of Laboratory Animals. Obese of water corresponding to two times their weight. The
and lean rats were age-matched at the beginning of thehomogenized carcasses were then freeze-dried pending the
study. Rats were individually housed in stainless cages determination of their energy and nitrogen contents. Carcass
under controlled temperature (28 1 °C) and lighting energy content was determined by adiabatic bomb calorim-
(light, 6:00AM until 4:00 pm; dark, 4:00Pm until 6:00 Am). etry, whereas carcass nitrogen was determined in 250- to
The animals were allowed unrestricted access to food and300-mg samples of dehydrated carcasses using the Kjeldahl
water. Throughout the study, rats were given a purified, procedure. Carcass protein content was computed by mul-
high-carbohydrate diet, which was composed of the follow- tiplying the nitrogen content of the carcass by 6.25. The
ing (in g/100 g): 31.2 cornstarch, 31oR -dextrose, 6.4 corn  energy as protein was subtracted from total carcass energy
oil, 20.0 casein, 0.3L -methionine, 1.0 vitamin mix (Tek- to determine energy as nonprotein matter. Because carbo-
lad no. 40060; Teklad, Madison, WI), 4.9 AIN-76 mineral hydrate represents a negligible part of carcass total energy
mix (ICN Biochemicals, Montral, Canada), and 5.0 fiber (21), energy from nonprotein matter was assumed to be
(Alphacel; ICN Biochemicals). The energy content of the essentially that of fat. Such an assumption tends to be
diet consisted of 64.9% carbohydrate, 14.5% fat, and 20.6%confirmed by studies in which energy, fat, and protein were
protein, and its density was 4.01 kcal/g. A week after their directly determined (22). Values of 5.62 and 9.39 kcal/g
arrival, both lean and obese rats were chronically treatedwere used for the calculation of the energy content of
either with vehicle (dose 0) or TPM at two doses (15 and 60 protein and fat, respectively (21). Initial energy, fat, and
mg/kg) given by gavage. TPM (RWJ-17021-000-DO) was protein contents of the carcasses were estimated from the
provided by the R.W. Johnson Pharmaceutical Researchlive body weight of lean and obese rats with reference to a

Body Weight, Food Intake, and Body Gains in Energy,
Fat, and Protein
Throughout the study, body weight and the amount of
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baseline group of rats killed at the beginning of the exper- the drug in lean than in obese animals. Final body weight
imental period. Such estimates allow gains in energy, fat, (Figure 1A) and total weight gain (Figure 1B) were signif-

and protein to be determined for the treatment period. The icantly reduced in both lean and obese TPM-treated ani-
rats (eight per phenotype) in the baseline groups were killed mals. In obese rats, TPM induced a marked reduction in
at the beginning of the energy balance trial, and the carcassfood intake (Figure 2). This effect of the drug had vanished
of each animal was analyzed for energy (mean initial val- py the end of the treatment period. In lean rats, TPM had no

ues: lean, 234+ 11 [from 205 to 259 kcal]; obese, 958 effect on food intake, regardless of the dose or the period of
74 [from 741 to 1186 kcal]), protein (mean initial values: he study over which the intake measurement was made.
lean, 141 6 [from 124 to 154 kcal]; obese, 156 11 The reduction in body weight gain induced by TPM

[from 109 to 185 kcal]), and fat (mean initial values: lean,

93 = 6 [from 80 to 109 kcal]; obese, 802 64 [from 598

to 1001 kcal]). The densities in energy (kilocalories of

energy per gram of body weight), protein (grams of protein
per gram of body weight), and fat (grams of fat per gram of
body weight) were then computed and averaged. The aver

reflected a decrease in total body energy gain, which tended
to be more marked in obese than in lean rats (Table 1).
Although TPM administration did not influence the intake

of DE in lean rats, the drug reduced this intake by either 239
_(lower dose) or 382 (higher dose) kcal in obese animals. In

age densities were multiplied by the initial body weight of Ie_an rats, apparent energy egpendnure (as calculate_d by the
each rat ascribed to experimental groups. Rats in the initial diffeTénce between energy intake and energy gain) was

group were identical in every respect (e.g., age and gender)h'gher in rats treatgd Wlth.TPM.than in animals adminis-
to those of the experimental groups. Apparent energy ex- tered with the vehicle. This variable was not affected by
penditure was calculated by subtracting the energy gain 1PM in obese animals. The calculated energetic efficiency
from DE intake. Gross energetic efficiency was expressed (energy gain/energy intake), which represents an estimate of

as the ratio of energy gain to DE intake multiplied by 100. the amount of energy in food that is stored in tissues, was
decreased in both lean and obese rats after TPM treatment.

Plasma Determinations The effects of TPM on energetic efficiency tended to be

Plasma glucose concentrations were measured with astronger in lean rats than in obese mutants; in lean rats, the
glucose analyzer (Beckman Instruments, Carlsbad, CA).high dose of TPM reduced efficiency by50%.
Insulin wasdetermined by radicimmunoassay using a reagent  The effects of TPM on fat and protein gains are summa-
kit from Linco Research (St. Charles, MO) with rat insulin as fized in Table 2. TPM reduced fat gain in both lean and
standard. Plasma corticosterone was determined by a competobese rats. The high dose of TPM led to reductions of 11.4
itive protein-binding assay (sensitivity, 0.047 nmol/L; interas- and 30.4 g in the fat gains of lean and obese rats, respec-
say coefficient of variation, 8.6%) using plasma from a dexa- tively. However, it is noteworthy that the high dose of TPM
methasone-treated female Rhesus monkey as the source af/ias associated with a significant reduction in protein gain in

transcortin (23). both strains. This reduction in lean body mass accretion was
not induced by the low dose of TPM, which suggests a
Statistical Analysis specific action of TPM on fat.

A 2 X 3 factorial analysis of variance was used to  The effects of TPM on muscle and fat depot weights
determine the main and interactive effects of “phenotype” (Table 3) were representative of the global effect of TPM on
(lean,Fa/?; obesefalfa) and “TPM dose” (TPM 0, vehicle; ~ whole body fat and protein gain. The two doses of TPM led
TPM 15, 15 mg/kg; and TPM 60, 60 mg/kg). When appro- to a reduction in the sum of harvested white adipose tissues
priate,a posterioricomparisons were performed using Fish- in both lean and obese rats, in agreement with their effect on
er's protected least squares difference test. Differences werdat gain, whereas the high dose of TPM led to a reduction in
considered statistically significant pt< 0.05. A total of 10 the weights of the soleus and tibialis muscles, in congruence
rats were assigned to each condition. with its effect on protein gain. The effect of TPM on white

adipose tissue was more striking in the subcutaneous (in-
guinal) depot than in the deep (retroperitoneal and parame-
Results trial) depots. Control obese rats exhibited heavier interscap-

TPM attenuated body weight gain, as depicted in Figure ular brown adipose tissue than their lean counterparts (9- to
1. Expressed as a percentage of total body weight ({TPM 10-fold), and TPM reduced the weight of brown adipose
0 — TPM 15 or TPM 60}/TPM 0] X 100), the effect of  tissue in lean animals only.

TPM was 4.6% in lean and 7.4% in obese rats treated with Plasma concentrations of glucose were lower in control
the low dose of the drug and 8.9% in lean and 11.2% in obese rats than in control lean rats (Table 4). TPM had no
obese animals treated with the high dose of TPM. The effect effect on glycemia in either phenotype. On the other hand,
of TPM was manifest throughout the study as shown by the TPM dose independently reduced the hyperinsulinemia of
rate of weight gain, which tended to be more attenuated by obese rats, whereas it did not alter insulinemia in lean animals.
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Figure 1.Body weight of lean and obese Zucker rats treated for 4 weeks with two doses of the anticonvulsant drug TPM. Growth curves
are illustrated in A, whereas final body weight gains are depicted in B. Symbols represent m&tid of 9 or 10 animals. Statistical
analyses were applied to weekly gains. An asterisk indicates a difference from rats treated with peki@e0b).

Plasma corticosterone, which was higher in obese than in leanthough the action of TPM on energy balance did not invari-
animals, was not significantly affected by TPM treatment. ably involve an anorectic component. In lean rats, TPM did
not alter food intake but yet produced a marked reduction in

Discussion energy gain. This decreased energetic efficiency strongly

The present results provide clear evidence for the ability SU99€sts that TPM can stimulate energy expenditure, espe-
of TPM to reduce energy gain in lean and obese rats. TheCially since we recently observed that TPM does not alter
effects of the drug were gradual and persistent throughoutthe digestibility of food (D. R. and P. S., unpublished data).
the treatment period. The effect of TPM on energy gain The mechanisms underlying this increase in energy expen-
compares quantitatively with those of estrogen (24) and diture remain to be elucidated. The reduction in brown
serotoninergic agonists such as dexfenfluramine (19), al-adipose tissue weight after administration of TPM in lean

Daily food intake Cumulative food intake
A dose B
0 15 60
o1 wmeal [ me [«
600 | -
ol @8 |
%40 i é 400 | —=— 7 /
°’ ol I
T 100 /
L L 1 1 1 ] | %
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Figure 2.Food intake in lean and obese Zucker rats treated for 4 weeks with two doses of the anticonvulsant drug TPM. Daily food intakes
are illustrated in A, whereas cumulative food intakes are depicted in B. Symbols represent-m8&sé of 9 or 10 animals. Statistical
analyses were applied to weekly intakes. An asterisk indicates a difference from rats treated with pekicl€5).
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rats does not support a role for this tissue in the potential kainatek-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
increase in energy expenditure induced by TPM. It is note- acid glutamatergic receptor (28—-30), which are two mech-
worthy that brown adipose tissue weight is largely deter- anisms of action of TPM, are not predictigepriori of an
mined by its fat content and that TPM could have reduced increase in energy expenditure. Indeed, one would predict
this component. an increase in energy gain after treatment with drugs that
TPM can also act on energy balance by reducing food Stimulate GABAergic pathways and antagonize glutamater-

intake. Such an effect was clearly evident in obese Zucker 9ic transmission, which are characteristic actions of anti-
rats, particularly in the initial period of the study. This convulsants. However, it seems that not all anticonvulsant

phenotype-related difference in the mode of action of TPM grugg promot(tj—z etl;]et[gy gam.t In :TS reipect, tlhe otbdservattlrc]) nt
in affecting energy balance possibly relates to the fact that as been made that, In contrast to anticonvulsant drugs tha

the drug acts centrally on the regulation of energy balance,![Ohre?Om."n'l"jm.t %.E.c;t?hm'ati. (_BtAB?\trr]]eurlottransTlss_lon, t?ose
leading to responses to effectors of food intake and energy a Ignaln y Irt] oIt ﬁt ?C i )éoWhe tghu amar:argg Tys em ¢
expenditure that could differ according to phenotype. In could promote weight loss (2). ether such a balance o

concomitance with a reduction in food intake, TPM also action on GABAergic and glutamatergic systems applies to

reduced energetic efficiency in obese rats. This suggests aTP'vI remamns to be _determlned. . .
In conclusion, this study provides clear evidence for

stimulating effect of TPM on thermogenic processes, given - . )
that a decrease in food intake generally predicts a decreas he ability of TPM to reduce_ the gains in body _we|ght,
ody energy, and body fat in lean as well as in obese

in energy expenditure (25), which was not the case in Zuck s In | imals. TPM i d
TPM-treatedfa/fa rats in the present study. ucker rats. In lean anima’s, Increased energy ex-

The reducing effects of TPM on energy gain translated penditure without altering food intake, wh_ereas in ob_ese
into a reduction in fat gain and adipose tissue weights. This mutants, TPM_ reduced food intake without altering
effect was seen in both lean and obese rats. In addition to®"€"% expenditure.
reducing fat mass, high doses of TPM also attenuated pro-
tein gain. Whether this effect applies only to young, grow- Acknowledgments
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