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Incorporation of B g/kg of the anorexigen, simmondsin, in the diet resulted in food intake
reduction in both lean and obese Zucker rats; however, the obese rats were much more sensitive
to the food intake-reducing activity of simmondsin. In both obese and lean simmondsin-treated
Zucker rats, growth was slower than in control rats, but was the same as that in pair-fed animals.
The 24 h heat production pattern showed a smaller diurnal variation and a lower mean in obese
rats than in lean rats. Food intake reduction, as a result of either simmondsin treatment or pair
feeding, caused a decrease in mean heat production. Simmondsin treatment, but not pair feeding,
caused a decrease in the diurnal variation of heat production. Plasma total cholesterol levels were
increased in both simmondsin-treated and pair-fed obese and lean Zucker rats compared with
control animals; this increase was mainly due to an increase in HDL-cholesterol levels. Blood
leptin levels in both obese and lean rats decreased with decreased food intake and decreased fat
deposition, but in obese rats, simmondsin treatment resulted in an additional decrease in leptin
levels. It is concluded that the food intake-reducing effect of simmondsin is more pronounced in
obese Zucker rats than in their lean littermates, and except for the simmondsin-specific effects on
leptin and total cholesterol values in obese littermates, the effects of simmondsin are related to
food intake restriction in obese and lean Zucker rats.

Simmondsin: Food intake: Heat production

Simmondsin is a cyano-methylene-cyclohexyl glycoside of devazepide, a potent peripheral CCK receptor blocker,
(Elliger et al. 1973) that occurs in the seeds of the jojoba abolishes the food intake-reducing activity of simmondsin
plant Simmondsia chinengisan evergreen shrub that (Cokelaereet al 199%). Moreover, the anorexic effect of
grows in arid and semi-arid environments. Simmondsin is simmondsin is, at least partly, vagally mediated (G Flo, M
known to induce food intake reduction and weight loss when Van Boven, S Vermaut, P Daenens, E Decuypere and M
administered orally in rats (Bootét al. 1974). The food Cokelaere, unpublished results). On the basis of these
intake reduction caused by simmondsin in rats is persistentobservations, it was postulated that simmondsin acts by
and dose-dependent (Cokelaetal. 1996). Since its effect ~ stimulation of the endogenous CCK system.

is much more pronounced in non-fasted rats than in fasted Obese Zucker rats are reported to be less sensitive than
rats, it was postulated that simmondsin causes food intaketheir lean littermates to the satiating action of exogenously
reduction by inducing satiety and not aversion (Cokela¢re administered CCK (McLaughlin & Baile, 1980; McLaugh-
al. 199%; G Flo, M Van Boven, S Vermaut, P Daenens, E lin et al. 1982). However, stimulation of endogenous CCK
Decuypere and M Cokelaere, unpublished results). The production (by trypsin inhibitors or phenylalanine adminis-
physiological effects of chronic simmondsin administration tration) results in a more marked effect on food intake in
are identical to those seen with chronic cholecystokinin obese Zucker rats than in lean Zucker rats (McLaugétin
(CCK) administration (Fleet al. 1998), and administration  al. 1982, 1983,b).

Abbreviations: BW, body weight; C, control; CCK, cholecystokinin; GEI, gross energy intake; HP, heat production; PF, pair-fed; S, simmondsin-treated.
* Corresponding author: Professor M. Cokelaere, fak32 56 246997, email Marnix.Cokelaere@kulak.ac.be
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Obese Zuckerfé/fa) rats are known to have an inefficient receiving the same amount of food at 17.00 hours (weeks 1,
long-form leptin receptor, leptin being the product of the 2 and 4) or 12.00 hours (week 3) as that eaten by the S/obese
obese gene, and to develop hyperphagia and obesity from amats the previous day. Daily food intake was recorded and
early age (Takayaet al. 1996). Obese Zucker rats have body weight (BW) checked three times weekly. Since this
higher circulating leptin levels, which are not reduced after experiment was carried out on growing animals, the abso-
24 h fasting, whereas, in lean Zucker rats, leptin levels are lute food intake values were corrected for metabolic BW,
reduced after fasting (Hardst al. 1996). Energy retention  food intake being expressed as g/kg B The food intake
in obese Zucker rats is reported to be more efficient than in of the S/lean and PF/lean rats was expressed as a percentag
lean Zucker rats (Bactet al 1981). Obese rats show of the food intake of C/lean rats, and the food intake of the
increased adipose tissue deposition from an early age,S/obese and PF/obese rats as a percentage of the food intak
have increased plasma cholesterol and insulin levels and,of C/obese rats.
when older, also have increased blood glucose levels (Bach After 4 weeks, rats were anaesthetized with diethyl ether
et al. 1981). Obese Zucker rats have a lower mean locomo- between 08.00 and 10.00 hours, then blood was taken by
tory activity and a lower mean body temperature than their cardiac puncture and the plasma separated by centrifugation
lean litter mates (Fukagawet al. 1988; Murakamiet al. and stored at-20° until used to measure leptin, total
1995). It is not known whether autonomous food intake cholesterol and HDL levels. The epididymal and perirenal
reduction makes these values for activity, energy retention fat pads were dissected immediately, and weighed.
efficiency, adipose tissue deposition and plasma leptin and
cholesterol levels more similar to those seen in lean Zucker
rats.

The aims of the present study were: (1) to examine Heat production (HP) was measured during the third week
whether the anorexic effect of simmondsin is more pro- of the experiment. To study differences in the HP of
nounced in obese Zucker rats than in lean Zucker rats; (2) tosimmondsin-treated, pair-fed and control obese and lean
compare the effect of simmondsin treatment on metabolic rats, groups of three rats from each of the six treatment
variables in obese and lean Zucker rats by measuring heagroups (C/lean, S/lean, PF/lean, Cl/obese, S/obese, PF/
production, fat deposition, and blood cholesterol, HDL and obese) were placed in six environmentally-controlled
leptin levels in obese and lean simmondsin-treated andrespiration units (308 500x 560 mm). Between 11.00 and
control Zucker rats. 12.00 hours daily, the respiration chambers were cleaned,

food intake measured, pair feeding performed, the rats

weighed and the groups randomly assigned to a respiration

Materials and methods chamber. @consumption and C&butput were recorded on

three consecutive days by paramagnetic and infrared tech-
nigues respectively (Gas Handling Unit; Analytical Com-
Twenty-four lean {/fa or +/+) and twenty-four obesef§/ pany Ltd, Hoddesdon, Herts., UK). This same experimental
fa) 6-week-old male Zucker rats, purchased from Iffa Credo design was used during another period of three consecutive
(L’Arbresle, France), were housed two to a cage under days, using a different three rats from each treatment group.
standard laboratory conditions (222°, 40—60 % relative HP was calculated using the formula according to Wester-
humidity, lights on from 08.00 to 20.00 hours). Water was terp (1994): (HP (kJ/h) = 1B O, (litres/h)+ 5[0 CO, (litres/h))
providedad libitum, and complete powdered rodent food and expressed per kg B and per day (Buyset al 1992).
(101 kJ metabolizable energy/kg, 180g crude protein/kg,
Carfil, Belgium) was provided in special feeders designed to
avoid spilling (Scholtz, Overijse, Belgium).

Heat production

Animals and housing

Products and plasma analyses

The simmondsin used was extracted and purified as des-
cribed previously (Van Boveat al. 1993) and was pure on
HPLC.
After a 10 d adaptation period, the twenty-four lean Zucker  Leptin assay Blood leptin levels were measured using a
rats (1800 (SE 2[0) g) were divided into three groups of eight commercially available radioimmunoassay kit (Mediagnost,
rats, two rats per cage. One group had free access to normarilbingen, Germany).
rat chow, and served as the control (C) group (group C/ Cholesterol and HDL assay Cholesterol and HDL
lean). A second group received32) simmondsin/kg (S) levels were determined by a clinical assay procedure (Syn-
mixed in the normal rat chow offereal libitum (group S/ chron CX system Multi; Beckman Instruments, Brea, CA,
lean). The third group was pair-fed (PF) to the S/lean group, USA). All samples were analysed simultaneously, the intra-
receiving the same amount of food at 17.00 hours (weeks 1,assay variability being B %.
2 and 4) or 12.00 hours (week 3) as that eaten by the S/lean
rats the previous day (group PF/lean).

In a similar way, the twenty-four obese rats (I®9
(SE 3(3) g) were divided into (1) a C/obese group having All results are expressed as means with their standard
free access to normal rat chow, serving as control group; (2) errors §Em). Statistical analysis was performed by ANOVA
an S/obese group, which received® g simmondsin/kg  (Instat v. 2.04a© 1990 Graphpad Inc., Sorrento Valley, San
mixed in the normal rat chow offereat] libitum, and (3) a Diego, CA, USA) followed by a Student—Newman—Keuls
PF/obese group, which was pair-fed to the S/obese group,multiple comparison test for significance, with< 005

General experimental design

Statistical analysis
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being considered a significant difference. Using the approach Heat production
of Halberget al. (1972), the theoretical HP curvg,=

Ag + Acosw(t+ ¢), was fitted, using cosinor analysis,
wherey is the theoretical HP value (kJ/h per kg ,

Ao the mean HP value, A the amplitude (the maximal
deviation from A), ¢ the acrophase (time at which the
maximal positive deviation from Qoccurs),w the angular
frequency (one cycle/24 h) and t the time.

Daily HP patterns are shown in Fig. 4 and the corresponding
cosinor fitting data are shown in Table 1. For all treatments,
HP showed a significant diurnal pattern 20, P < 0[001),

but obese rats displayed a significantly smaller amplitude
(A) and a lower mean HP value ghthan lean rats. ANOVA
showed that the difference in mean HP was related to a
lower hourly HP during the dark period in the obese rats
compared with the lean rats, whereas the mean HP during
Results the light period was the same in lean and obese rats (results
not shown). Simmondsin treatment and pair feeding sig-
nificantly reduced A in both obese and lean rats. The
At the start of the experiment, the obese Zucker animals amplitude of the HP was significantly reduced by simmond-
(1993 (sE 3[3) g) were heavier than the lean animals (B0  sin treatment in both lean and obese rats, but not by pair
(SE20)g, P<00001). Over the 4-week experimental feeding. In contrast, in PF/obese rats the amplitude was
period, obese control rats had an average food intake ofincreased compared with C/obese rats. The HP of simmond-
646 (sE20)g/kg BWY® daily, while that of the lean  sin-treated rats (both obese and lean) was maximal during
control animals was 58 (se1(3)g/kg BW®. In both the dark period (Table 1, acrophase), whereas, for the PF/
lean and obese simmondsin-treated rats, food intake wasobese and PF/lean rats, the maximal HP occurred during the
significantly reduced compared with their respectag light period. In all groups, the obese animals tended to reach
libitum-fed controls (Fig. 1). The proportional food intake their maximal HP somewhat earlier than the lean animals
reduction in S/obese rats was higher than in S/lean rats, the(Table 1).

difference being statistically significant from the second Table 2 shows that, although C/obese rats had a higher
week onwardsR < 0[01) (Fig. 2), while the food intakes of  gross energy intake (GEI), they lost less energy through HP
S/obese and S/lean rats were similar from the second weekthan did C/lean rats. The HP:GEI value was significantly
onwards (Fig. 1). Due to the lower food intake, simmondsin- lower in C/obese rats than in C/lean rats. In both lean and
treated rats and their pair-fed counterparts gained weight atobese rats, the GEI and the HP were significantly reduced by
a slower rate than the control animals. Similar weight either simmondsin treatment or pair feeding. However, in S/
changes were seen in S/obese and PF/obese rats and in $$an and PF/lean rats, the HP:GEI value did not differ from
lean and PF/lean animals (Fig. 3). that in C/lean rats, whereas in obese rats the food intake

Food intake and weight change
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Fig. 1. Mean daily food intake values (g/kg metabolic body weight (MBW)) for obese Zucker rats offered a control diet (H) or a diet containing 2[5 g
simmondsin/kg (&) ad libitum and for lean Zucker rats offered a control diet (£2) or a diet containing 28 g simmondsin/kg (N) ad libitum. Values are
means for eight rats, with their standard errors represented by vertical bars. ***Bars within a treatment week not sharing a common letter were
significantly different, P < 0[05.
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Food intake reduction (%)
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Fig. 2. Proportional food intake reduction (%) in obese (M) and lean (&) Zucker rats given a diet containing 28 g simmondsin/kg compared with
those given a control diet. Values are means for eight rats with their standard errors represented by vertical bars. Mean values were significantly
different from those for the corresponding obese groups, *P < 0[05. Mean values were significantly different from the corresponding value for week
1, T P<O0I05.

reduction caused by simmondsin treatment or pair feeding rats than in control animals (Table 3). The weights of the
significantly increased the HP:GEI value. perirenal and epididymal fat pads were the same in S/obese
and PF/obese rats. In lean Zucker rats, the epididymal fat
Fat deposition pad weighed less in S/lean rats than in PF/lean animals.

In both lean and obese Zucker rats, white adipose tissue

deposits were smaller in simmondsin-treated and in pair-fed Plasma levels of cholesterol and HDL

Following simmondsin treatment, plasma levels of cholesterol

Table 1. Characteristics of the sinusoidal fitting of heat production and HDL increased in both lean and obese rats (Sllean and

(HP) curves for control (C), simmondsin-treated (S) and pair-fed (PF)
obese and lean Zucker rats, for the study of circadian rhythmicity t

(Mean values with their standard errors for eight rats) Table 2. Daily gross energy intake (GEI), daily heat production (HP)

and the HP: GEl ratio in control (C), simmondsin-treated (S) and pair-

Ao A ¢ fed (PF) obese and lean Zucker ratst
(Mean values with their standard errors for eight rats)
Mean SEM Mean SEM Mean SEM
Clobese  4[62° 0097 0B40® 0012 033% 007 GEl HP
Slobese  3797° 0054 0385 0007 233°  0D7 (kg™ per d)  (k/kg™" per d) HP:GEI
PFlobese 3011° 0098 10106° 0011 16@22° 004
Cllean 5788 0003 1(289% 0011  202% 0032 Mean  sem  Mean  Sem  Mean SEM
S | sgelt 0097 0% 000 188 O0% G g © mf 3 0BI 005
ean Slobese 301 28 o1° 4 0312’ 0026
abeMean values within a phenotype not sharing a common superscript letter PF/obese 303 33 94 5 00329 0039
were significantly different, P< 0[05. Cllean 4702* 8 1392* 5 0996:* 0011
Mean values were significantly different from those for the corresponding S/lean 413 10 121>+ 3 0294 0008
obese groups, *P < 0D5. PF/lean 4135 13 1195 6 0290% 0010

T Ao A and ¢ are the constants of the theoretical HP curve, y=Ay+A cos
w(t+¢), where y represents the theoretical value for hourly HP (kJ/h per kg
metabolic body weight), A, the fitted mean value for hourly HP, A the

2P Mean values within a phenotype not sharing a common superscript letter
were significantly different, P < 0[05.

amplitude (the maximal deviation from Ay), ¢ the acrophase (time of maximal
positive deviation from A¢), w the angular frequency (one cycle/24h) and t
the time.

Mean values were significantly different from those for the corresponding
obese groups, *P < 0[05.
T For details of diets and procedures, see pp. 160-161.
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Fig. 3. Weight change over time in (a) lean and (b) obese Zucker rats offered a control diet ad libitum (OJ), a diet containing 2[5 g simmondsin/kg ad
libitum (O) or pair fed to the simmondsin-treated rats (A). Values are means for eight rats, with their standard errors represented by vertical bars.
Mean values were significantly different from those for simmondsin-treated and pair-fed rats, *P < 0[05. Mean values were significantly different
from those for pair-fed rats, T P<0[05.

S/obese; Table 4). HDL and total cholesterol levels in

Plasma leptin levels

the pair-fed animals also tended to increase comparedPlasma leptin levels in obese Zucker rats were higher
with controls, but the difference was not statistically than in lean Zucker rats (Table 3). In lean animals, leptin

significant.

levels in S/lean and PF/lean animals were identical, but
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// Cllean

S/lean

— Cl/obese

HP (kJ/h per kg metabolic body wt)
(4]

S/obese

PF/obese

12.00 18.00 24.00 06.00

Time of day (hours)

Fig. 4. Diurnal pattern of heat production (HP) in lean and obese Zucker rats offered a control diet (lean —, obese —), a diet containing 2B g
simmondsin/kg (lean - - -, obese = =), or pair-fed to the simondsin-treated rats (lean —, obese —). Pair-fed rats were offered their food at 12.00
hours. (=), Dark period.

significantly lower than in C/lean rats. Plasma leptin this can account for the growth reduction seen in simmond-
levels in PF/obese and S/obese rats were significantlysin-treated rats, since the growth curves of simmondsin-
lower than in Cl/obese rats, but S/obese rats showed antreated and pair-fed rats are similar (Cokelagtrral. 1992,

additional decrease in plasma leptin levels compared with 1996). Although lean Zucker rats showed a proportional
PF/obese rats. food intake reduction that could be predicted from earlier
observations in Wistar rats (Cokelasgtal. 1996), obese

Zucker rats showed a greater proportional food intake
reduction than expected from these earlier results. More-
The present results confirm the earlier observations thatover, simmondsin treatment also abolished the relative

Discussion

simmondsin reduces food intake in a persistent way and thathyperphagia seen in obese rats compared with lean rats.

Table 3. Body weight, weights of perirenal and epididymal white adipose tissue depots and plasma
leptin concentration in control (C), simmondsin-treated (S) and pair-fed (PF) obese and lean Zucker
ratst

(Mean values with their standard errors for eight rats)

White adipose tissue weight (g)

Plasma leptin

Body weight (g) (ng/ml) Perirenal Epididymal
Treatment Mean SEM Mean SEM Mean SEM Mean SEM
Clobese 328° 38 55072 28 23" oos  2m@3° 014
S/obese 2412 a 35@8P° 1B 162 008 167 07
PF/obese 2342 56 40B° 13 172 oo 179% oo
Cllean 273 41 3B6% 030 085" 005  0B7% 004
S/lean 219%* 509 2[01°* oa9 0292 02 0392 001
PF/lean 220 308 2075 023 029% 003 052 002

b Mean values within a phenotype not sharing a common superscript letter were significantly different, P < 0[05.
Mean values were significantly different from those for the corresponding obese groups, *P < 0[05.
T For details of diets and procedures, see p. 160.
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Table 4. Plasma levels of total and HDL-cholesterol and the
total:HDL cholesterol ratio in control (C), simmondsin-treated (S)
and pair-fed (PF) obese and lean Zucker ratst

(Mean values with their standard errors for eight rats)

165

on the signal transduction of short-form leptin receptors
(Murakami et al. 1997) or other unknown mechanisms.
Wang et al (1997) have shown that the gastral vagus
nerve contains functional leptin receptors that induce
afferent signalling after leptin and/or CCK and leptin

Total plasma HDL-
cholesterol cholesterol Total:HDL- administration.
(mmol/l) (mmol/l) cholesterol The HP pattern typically seen in free-fed lean animals
shows increased HP during the dark period and a lower HP
Treatment Mean — sem  Mean — Sem  Mean  SEm during the daytime. In free-fed obese animals, the HP
Clobese 2128° 010  2m25° 008  1M01° 002 pattern is flattened, so that both the nocturnal HP increase
Slobese 306" 013 3B6° 008 117’ 002 and the overall mean HP are lower than in lean animals. The
PFfobese 328 03 202 016 103’ 003 data indicate that the HP pattern in rats closely parallels the
Cllean 104% 003 178* 003 109%*  0[2 o ) A
S/lean SBED* 008  2@6°% 005 108*  0D2 activity patterns described earll_er in Zucker rats by Mur-
PF/lean 2[02% 005 189 0m3 1072 001 akamiet al. (1995). Our observations are complementary to

abeMean values within a phenotype not sharing a common superscript letter
were significantly different, P < 0[05.

Mean values were significantly different from those for the corresponding
obese groups, *P < 0[05.

those obtained in lean and obese Zucker rats by Murakami
et al. (1995) and Fukagawet al. (1988). Murakamiet al.
(1995) reported that the mean daily locomotion activity and
body temperature were lower in obese rats than in lean rats

For details of diets and procedures, see p. 160. . an in
T For detalls of diets and procedures, see p and that the amplitude of the nocturnal rise in body

temperature and activity were significantly depressed in

obese Zucker rats.
The reason for this more pronounced food intake reduction  Simmondsin treatment did not disturb the typical diurnal
in obese rats remains to be investigated in depth, but severaHP pattern in lean and obese rats, but decreased the overall
mechanisms may be proposed. One possible mechanisnHP in both lean and obese rats. However, in pair-fed
involves the effect of simmondsin on the CCK system. The animals, the diurnal HP pattern was completely disturbed,
fact that simmondsin treatment interferes with the endogen- as they started their food intake immediately after food
ous CCK system is well documented (Cokelaeteal presentation, during the HP measurements at 12.00 hours.
199%,b; Flo et al 1998). Both CCK and simmondsin  Thus, it is clear that the HP pattern is correlated with the
induce food intake reduction, at least partially, through food intake pattern. The small increase in HP seen imme-
stimulation of the vagus nerve (Joynetral. 1993; G Flo, diately after the lights were switched off indicates that HP is
M Van Boven, S Vermaut, P Daenens, E Decuypere and M also linked to the locomotion activity and temperature cycle,
Cokelaere, unpublished results). Since obese Zucker rats ar@s was to be expected, as rats normally become active
more sensitive to the effects of endogenous CCK on food immediately after the lights are switched off.
intake than lean rats (McLaughlet al. 1982, 1983,b), it is In both lean and obese rats, food intake reduction due to
probable that obese Zucker rats are also more sensitive tosimmondsin treatment or pair feeding caused a significant
the satiating effects of simmondsin. Second, the differencesdecrease in total daily HP (Table 2). The HP:GEIl value was
in feeding pattern between obese and lean rats must bevery low in C/obese rats compared with C/lean rats. Assum-
considered. Since obese rats are deficient in the long-forming a comparable digestibility, this points to a higher
leptin receptor (Chuat al. 1996), which is responsible for  energetic efficiency in C/obese rats, which will evidently
signal transduction in the hypothalamic centres influencing cause a higher energy incorporation per unit GEIl in free-
food intake, this may explain their hyperphagia. Obese feeding obese Zucker rats compared with lean Zucker rats.
Zucker rats are known to take much larger meals throughoutOur results are in line with the suggestion of Basthal.
the feeding period (Alingh Prinst al. 1986). In lean Wistar ~ (1981) that obese Zucker rats retain energy more efficiently
rats, simmondsin exerts its anorexic effect almost exclusively than lean Zucker rats.
during the period of large meals that occurs at the start In S/lean and PF/lean rats, the decrease in HP, compared
of the feeding period (Cokelaeret al. 1992; Floet al with C/lean rats, was proportional to the GEI decrease,
1997). Thus, the greater anorexic effect of simmondsin in suggesting that the energetic efficiency did not differ
obese rats may also be attributed to differences in meal size between the groups. In obese rats, however, the HP:GEI
Recently, a synergistic effect between CCK and leptin on value was significantly increased in S/obese and PF/obese
food intake reduction was described in lean mice (Barra- compared with C/obese rats. This points to a reduced
chinaet al 1997; Matsoret al. 1997). Chemical afferent  energetic efficiency in obese animals on a highly restricted
vagotomy abolished this synergy, indicating a peripheral diet, confirmed by a greater reduction in fat deposition in
site of action of leptin through the vagus nerve (Barrachina restricted obese Zucker rats compared with restricted lean
et al. 1997). A synergistic action between CCK and leptin Zucker rats. This difference between lean and obese Zucker
on food intake inhibition has not yet been described in obeserats can most probably be explained by the greater sim-
Zucker rats. However, it cannot be excluded that leptin mondsin-induced food intake reduction in obese rats.
plays arole in the greater food intake reduction produced by As expected due to their lower food intake, S/lean and
endogenous CCK or administered simmondsin in obese ratsPF/lean rats deposited less fat than lean control rats. Since
with high leptin levels. This implies that the possible leptin levels are highly correlated with body fat content
synergistic action would not depend on the long-form b- (Maffei et al. 1995), it is to be expected that both S/lean and
type leptin receptor that is deficient in obese Zucker rats, but PF/lean rats will have significantly lower plasma leptin
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levels than control lean rats. The somewhat lower (although Synergistic interaction between leptin and cholecystokinin to
not statistically significant so) leptin value for S/lean rats is ~ reduce short term food intake in lean mié¥oceedings of the
probably related to decreased epididymal fat deposition. National Academy of Sciences USA 10455-10460.
However, in obese rats, although simmondsin treatment Booth A, Elliger C & Waiss A Jr (1974) Isolation of a toxic factor
; P - : in jojoba mealLife Sciencel5, 1115-1120.

resulted in the same reduction in epididymal and perirenal .
adipose tissue as did pair feeding, the leptin levels of S/ Buyse J, Decuypere E, Berghman L, HUE & Vandezande F

P diap 9, ptn (1992) Effect of dietary protein content on episodic growth
obese rats were significantly lower than those in PF/obese pomone secretion and on heat production of male broiler
rats. Further experiments are needed to determine the chickensBritish Poultry Science3, 1101—1109.
physiological significance of this additional decrease in Chua SC, White DW, Wu-Peng S, Liu S-M, Okada N, Kershaw
leptin levels in S/obese rats. EE, Chung WK, Power-Kehoe L, Chua M, Tartaglia LA &

Total cholesterol levels in both lean and obese simmond- Leibel RL (1996) Phenotype of fatty due to GIn269Pro mutation
sin-treated rats were increased compared with their controls in the leptin receptor (LeprDiabetes45, 1141-1143.
and pair-fed counterparts. The increase in total cholesterol Cokelaere M, Busselen P, Flo G, Daenens P, Decuyperé|fih Ku
levels in simmondsin-treated rats compared with pair-fed & Van Boven M (199%) Devazepide reverses the anorexic
rats could be mostly explained by the increase in HDL- Z;fgit4(;f7s'mm°nds'n in the radournal of Endocrinologyl 47,
cholesterol, S"FC? th? to_tal chole_sterol:HDL-choIes_terol Cokelaere M Dangreau H, Daenens P, Bruneel N, Arnouts S,
values were similar in simmondsin-treated an_d pfaur-fed Decuypere E & Kban E (1992) Investigation of possible
rats. Total plasma cholesterol levels were similar in PF/  toxicological influences of simmondsin after subacute adminis-
lean and Cl/lean rats, but were increased in PF/obese rats tration in ratsJournal of Agricultural and Food Chemist#40,
compared with C/obese rats. This confirms the results of 2443-2445.
Lanza-Jacobet al. (1986) who observed no differences in Cokelaere M, Flo G, Daenens P, Decuypere E, Van Boven M &
plasma levels or diurnal rhythms of cholesterol levels in ~ VermautS (1996) Food intake inhibitory activity of simmondsin
meal-fed food-restricted lean Zucker rats compared with ~and defatted jojoba meal: dose response curves in rats. In
free-feeding lean Zucker rats, but did see a clear change in Progress in New Cropspp. 377-382 [J Janick, editor]. Alex-

; ; ; ; dria, VA: ASHS Press.
diurnal cholesterol rhythms in obese rats, with a peak in . 2n9Ma
meal-fed food-restricted rats in the same period during Cokelaere M, Flo G, Decuypere E, Vermaut S, Daenens P & Van

. . ) . Boven M (199%) Evidences for a satiating effect of defatted
which we took blood samples in our experiments. This, jojoba mealIndustrial Crops and Products, 91—96.

however, cannot explain the higher total cholesterol levels gjiger c, Waiss A Jr & Lundin R (1973) Simmondsin an unusual
in simmondsin-treated rats compared with their pair-fed  2-cyano-ethylenecyclohexyl glucoside fro&immondsia cali-
counterparts, which was mainly due to an increase in fornica Journal of the Chemical Society Perkin Transactions
plasma HDL levels, and was a pure simmondsin-derived 19, 2209-2212.

effect; the mechanism explaining this increase remains to beFlo G, Daenens P, Van Boven M, Vermaut S, Decuypere E &
elucidated. Cokelaere M (1997) Absorption and excretion of simmondsin

after different administration routes in rafournal of Agricul-
tural and Food Chemistry¢5, 185-188.
Conclusions Flo G, Vermaut S, Van Boven M, Daenens P, Buyse J, Decuypere

. . . L E, Kilhn E & Cokelaere M (1998) Comparison of the effects of
The food intake-reducing effect of simmondsin is more  gimmondsin and cholecystokinin on metabolism, brown adipose

pronounced |n Obese ZUCkeI’ rats than |n thell’ Iean |Itte|’- tissue and ’[he pancreas in food intake restricted Fdsmone
mates. Except for the simmondsin-specific effects on leptin  and Metabolic Researc0, 504—509.

and total cholesterol values in obese Zucker rats, differencesFukagawa K, Sakata T, Yoshimatsu H, Fujimoto K & Shiraishi T
in the effects of simmondsin on growth and metabolic vari-  (1988) Disruption of light—dark cycle of feeding and drinking
ables between the two types of Zucker rat can be entirely behaviour, and ambulatory activity induced by development of

ascribed to food intake restriction. obesity in the Zucker rainternational Journal of Obesit{2,
481-490.
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