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Abstract

Caralluma fimbriata is an edible cactus, used by tribal Indians (o suppress hunger and enhance endurance. The effect of Caralluma
extract was assessed in overweight individuals by a placeboe controlled randomized trial. Fifty adult men and women (25-60 vears) with a
body mass index (BMI) greater than 25kg/m® were randomly assigned inte a placebo or experimental group: the latter received 1 g of
Caralluma extract per day for 60 days. All subjects were given standard advice regarding a weight reducing diet and physical activity. At
the end of 30 and 60 days of intervention, blood glucose and hipids. anthropometric measurements, dietary intake and assessment of
appetite was performed. Waist circumference and hunger levels over the observation period showed a significant decline in the
experimental group when compared to the placebo group. While there was a trend towards a greater decrease in body weight, bady mass
index, hip circumference, body fat and energy intake between assessment Uime points in the experimental group. these were not
significantly different between experimental and placebo groups, Caralluma extract appears to suppress appetite, and reduce waist
ctrcumterence when compared to placebo over a 2 month period,
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Introduction

Obesity is a major global health problem and a risk
factor for several chromie disorders such as diabetes,
hyvperhipidemia, hypertension and cardiovascular disease,
Weight gain and obesity are a result of positive energy
balance due to a mismatch between energy intake (ET) and
energy expenditure (EE). The El in turn is subject to a wide
range of influences, including appetite. gastro-intestinal
signals such as distension of the stomach, chemical signals
to the gastric mucosa and blood-borne metabolites such as
glucose and fatty acids. Strategies to reduce a positive
energy balance have often focused on increasing EE since it
was thought that the EI of obese individuals was normal or
low and additionally, because of the independent effects of
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physical activity on the reduction of risk for many chronic
disorders associated with obesity. However, overweight
subjects often under-report thewr food intake (Lissner,
2002; Lissner, Heitmann, & Bengtsson, 20000, and carelully
conducted objective measurements have shown that Elisin
fact mcreased m obese subjects (Lichtman et al., 1992;
Schoeller, 1990). The complex process of appetite is
controlled by several neural, humoral and psvchological
factors (Bray, 2000), and strategies that suppress appetite
are likely to be useful in weight loss and control. Appetite
suppressant medications. while effective often have side
effects (Haller & Benowitz. 2006)).

Traditional health care systems, including herbal med-
icine are widespread in developing countries (WHO. 2002),
Certain herbs, used by native people have also been studied
for their appetite suppressing effects. This includes Hoodia
cordonii, which is a succulent from the Kalahar desert of
South Africa {(MacLean & Luo, 2004). In India, Caralluma
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fimbriata. an edible succulent cactus that belongs to the
Family Asclepiadaceae 1s also well known as a fanune lood,
appetite suppressant and thirst guencher among tribal
populations. 1t grows wild all over India and is also planted
as a roadside shrub and boundary marker in gardens.
MNative Indian diets over many centuries have included
these edible wild succulent cacti. with claims in folklore
about its appetite suppressant activity., There has been no
previous controlled study on the appetite suppressing
effects of Caralluma and this 15 the first study to examine
the effects of Caralluma experimentally. The aim of the
present study was to evaluate the effectivencess of Carallu-
ma fimbriata extract on appetite suppression. food choice
and anthropometry in overweight and obese individuals
who wished to lose weight,

Methods
Subjects

The study was a double blind. placebo controlled.
randomized trial. Sixty two healthy volunteers (23 male
and 39 female subjects) in the age group of 25-60 vears,
with a body mass index (BMI) greater than 25 kg/m” were
recrutted into the study. Exclusion erteria were the
presence of any chronic disease and the use of any
medication for weight loss. The subjects included
staff and individuals who visited the Nutrition Clinie of
S5t John's Medical College Hospital, Bangalore, in order to
lose weight. After recruitment. the subjects were randomly
assigned into the placebo or experimental group. Twelve
subjects dropped out during the study (equal numbers in
both groups with no gender bias) and 30 subjects
completed the study. 25 subjects each in the placebo and
the experimental proup. The study was approved by the
institutional ethical review committee of 5t. John's Medical
College and an informed consent was obtained from the
subjects.

Experimental profocol

The Caralluma extract was made from the aerial parts of
the plant with agueous alcohol which was 40% agueous
(40 parts of alcohol and 60 parts of water). About 12 kg of
dried herb was obtained from 100kg of the fresh plant,
which gave a final yield of 1 kg of the extract. It was then
purified. granulated and filled in capsules to deliver 500 mg
of the extract. Maltodextrin capsules (300 mg) were used as
placebo, and both capsules were prepared by Green Chem
Limted, Bangalore, India, Prior to the intervention, the
subjects underwent baseline investigations which included
anthropometric. biochemical, dietary and appetile assess-
ment. The extract was administered as two 500 mg capsules
daily (1 giday) for 60 days, during which the subjects
reported weekly to the Nutrtion Clinie (o record their
body weight, collect their weekly capsule supply and reporl
adverse events, if any. The compliance of the subjects to the

ingestion of capsules was measured every week when they
reported to the Nutriton Chme, The subjects were
provided with a capsule calendar in which they were
required to tick mark boxes relating to the daily intake of
capsules and also to note down any missed capsule. The
calendar and the "missed’ pill count were monitored every
week.,
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Anthropometric measurements included body weight,
height, skinfold thickness and mid-arm. waist and hip
circumferences. All the measurements were standardized
(Harrison et al., 1988). Skinfold measurements in tripli-
cates were carmied out using Holtain skinfold calipers, at
four sites (1.e.) biceps, triceps, subscapular and suprailiac,
The average sum ol four skinfold measurements were used
to compute body density using the age and gender specific
equations (Durnin & Womersley, 1974) and percent body
fat was derived from body density (Siri, 1961). These
equations were previously validated in a group of Indian
men and women (Kurivan. Petracchi, Ferro-Luzzi, Shetty.
& Kurpad, 1998). The corrected arm muscle area (CAMA)
was calculated using the mid-arm circumference and tricep
skinfold (Heymshield, McManus, Smith, Stevens, & Nixon,
1982). The measuremenis were repeated at day 30 and day
o of the admmistration period.

Biochemical measurements

Fasting blood glucose and lipid profile were measured at
baseline, day 30 and day 60 of the study period. The blood
glucose, triglveeride. total and HDL cholesterol were
estimated by automated spectrophotometric assays (Dade
Behring Dhimension R x L, Newark, USA), while LDL
cholesterol was calculated from primary measurements
using the empirical formula of Friedewald equation
(Friedewald., Levy, & Fredrickson, 1972). All assays were
calibrated by use of Dade Dimension human calibrator
(Dade Behring Inc, Newark, USA) The analytical
coefficient of vanation (inter-assay) for total cholesterol,
triglyeenides and HDL cholesterol were 4.1%, 4.7% and
4.1%, respectively.

Dietary and physical activity assessmeni

Dietary assessment was carried out using a modified
food frequency questionnaire with 129 food items which
was developed specifically for the urban south Indian
population (Rastogi et al., 2004). This questionnaire was
administered at the baseline and the end of the study.
A validated physical activity questionnaire (Bharathi,
Sandhya; & Vaz, 2000) was used to assess the daily
integrated physical activity ol the patient at baschne, day
30 and day 60 of the study. All the study subjects were
provided with standard health advice on diet and physical
activity targeted to achieve a weight loss of about 5-10%
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body weight over the studv period. The compliance of the
subjects to the prescribed diet and physical activity was
assessed weekly by asking the subjects to rate their
compliance on i scale of 0-100%.

Appeltite assessment

The appetie of the subject was assessed at baseline, day
30 and day 60 of the study n the fasted state. Four 100 mm
visual analogue scales (VAS, Silverstome, 1981} for
“hunger’, “thoughts of food’, "urge to eat’, and ‘fullness of
stomach”™ were admimstered. The scale was administered
each time. in triplicate. The mean of the three readings was
expressed as a percentage of the scale.

Statistics

The data are presented as Mean+SD. An independent
' test amalysis was performed to ascertain whether
significant differences existed between the physical char-
acteristics of the subjects in the experimental and placebo
group at baseline. A repeated measure ANOVA with group
as a factor was performed to assess the change over time in
the anthropometric, biochemical and visual analog scale
parameters between the two groups. The repeated measure
ANOVA was then used to assess for signmihcant differences
between the various ume points in the subjects of both
groups independently, The paired *¢" test anmalysis was
carried out to ascertain significant differences in the mid-
arm circumference, CAMA and in the food intake of
subjects belonging to both the groups between the time
points. The significance level was set at p<0.05

1

Resulis

The physical characteristics of the subjects in the
experimental and placebo groups are summarized in Table
1. The age range of the subjects in the experimental group
was 28-53 and 28-32vears in the placebo group. There
were no significant differences in the mean age. weight,

Table |
Physical characteristics of the subjects

Parameter Experimental Placebo proup
group (n = 25) [n=25)
Agte {¥r) IXe+78 INO+6.1
Body weight (kg) 7954169 782493
Height (cm) led.9+9.1 162.3+94
Body mass mdex 1]-'.g_-u:|j] J6+55 298439
Wist circumiference (cm) R o 951 +9%.0
Hip circamference {(cm) 106,34+ 11.4 107.3+7.2
Percent bosdy [af (%) # 464350 42454

Mean +standacd deviation (SD).

#—Caleulated Trom the sum of four skinfold measurements and applving
the formulae of Duwmin and Womersley (1974).

Mo significant differences were observed between the physical character-
istics of the suhjects of the two groups {independent ' test).

height, BMI, waist. hip arcumferences and percent body
fFat between the expenimental and placebo groups.

The anthropometric parameters of the subjects m the
experimental and placebo groups at various time points of
the study are summarized in Table 2. A significant
interaction effect was observed between tme and the
group (repeated measure ANOVA) in the waist circumfer-
ence, There were no significant differences observed in the
change of body weight, BMI, hip circumference and
percent body fat over ume between the two g2roups
(repeated measure ANOVA). At the end of the study
period, significant decreases in body weight, BMI. waist
and hip circumferences were observed only in the experni-
mental group, when compared to baseline parameters
(p=<0.01). The weight loss in the expenimental group
accounted to 2.5% (2kg) of the initial body weight. In
contrast the placebo group had a non-significant reduction
of 1.3% (1 kg) during the study period. In the placebo
group, the only significant change observed was in the hip
circumference which significantly decreased at month |
when compared to the baseline values.

The data on appetite assessment from the VAS and on
dietary intake assessment are presented in Table 3. The
mean “hunger levels” at baseline of the experimental group
tended to be higher (but not sigmificantly) when compared
to placebo group, while at day 60 the mean *hunger levels’
af the experimental group was significantly lower than
those of the placebo group; this accounts for the significant
imteraction effect between time and the group (repeated
measure ANOVA). There were no significant ditferences
observed in the change of ‘thought of food’. ‘feching of
fullness’ and ‘urge to eat’ over time between the two groups
(repeated measure ANOVA). By the end of the study
period, the experimental group had a 7.2% increase in the
feeling of fullness’ (INS), 4 9.5% decrease in "urge to eat’
(NS) and 19.7% decrease in “hunger’ levels (p=0.03).
Corresponding changes in the placebo group were 0.8%,
[.B%, 1.2% (all NS). Changes in ‘thoughts of food™ were
mimmal in both groups (1.3%) in expernimental group.
1.1% in the placebo group and not significant. Significant
reductions (p<0.05) in energy and macronutrient intake at
the end of the study period were observed only in the
experimental group. This amounted to 188 kcal/day (8.2%)
for energy, 20 g (5.2%) for carbohydrate, 4.7 g (8% for fat
and 3.6g (5.7%) for protein. Further, the intake of cereals.
roots and tubers, sugars and sweets, egg and meat products
in the experimental group was significantly lower at the end
of the studv when compared to the baseline, while the
intake of fruits, vepetables and fish remained the same.
In the placebo group of subjects, there was no change in
the intake of nutrients, or in food groups at the end of
the study.

The biochemical parameters ol the subjects belonging
to both the experimental and the placebo group are
presented in Table 4. There were no significant differences
observed in the change of the biochemical parameters
over time between the two groups (repeated measure
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Table 2
Anthropometric parameters. of the subjects at baseline, day 30 and day 60 of the susdy
Parameler Baseline [y 30 Dray 6 Fvalue povalue
Body weight (K
Experimental 79.5+ 169 T18.34 16,5 7754 16.00F 1.9 .15
Placebo MZEX2 Ti3+839 T2+ 8.6
Body mass index (kg/m®)
Experimental b4 535 0.2 +5.6 1994 35,60 21 13
Placeho 298419 29.644.0 .5+4.0
Waisi circimference{cm)
Experimental 9694116 45,1+ 12.0" B39+ ] s s R < {(L001"
Placeho 951 +9.6 04.4+9.43 041 4+09.6
Hip civciinference o)
Experimental 1063411 4 158+ 11.5 | 5.0+ 11.6%" 206 013
Placeho 107.2+7.2 104,44 7.9 1M+ T.0
Percewt fal (%) &
Expenmental M.6+56 34.24+53 R i 28 (.07
Placebo 142459 4.1 +£35.5 M0+54
Mean £+ 500
#—Calculated from the sum of two, three or four skinfold measurements and applyving the formulase of Durnin and Womersley (1974}
*Mean value was significantly different from that of baseline (repeated measure ANOVA; p=<0.05),
"Mean value was significantly different fromt that of Day 30 {repested measure ANOVA: p<0.035),
“Rignificant interaction between time points and group (repeated measure ANOVA with group as between subjects factor).
Table 3
Appetite and Food intidke assessment
Parameter Sludy group Baseling By 0% Dray 30 Iy B0 Fvalue  value
Thoughts of food (%) Experimental 345243 A2+206 3324236 |.6 825
Placeho 35 14£203 336+13.3 320175
Feeling Fullmess (%40) Experimental 333193 dl. T35 J054+21.9 (.84 (.44
Placebo 3TEE269 3664179 3861212
Urge toveat (%) Experimental 44042573 3934215 54212 1. T8 018
Placcho 35.3+25.3 332175 3354197
Humzer (%) Experimental 476+ 21246 3934214 270+ 158 6.6 (001"
Placcho 4194241 al.o+17.3 40,7+ 189
Energy intake ﬂkr:a],-'l.iu].r]“ Experimental 23765123 HER. 8+ 183 47
Placcho 23361079 22990+ 1090
Fat intake (g/day) Expenimental HN+64 34.34+30¢
Placcho 61728 G09+3.9
Carbohydrate imake (g/day)® Experimental 09201 M40.5+23.7
Placcho 3ITT9+21.1 ITeR+21.3
Protein intake {g/'day)” Experimental 62.9+6.3 56934 7.0°
Placcho 51145 L R T o I

Mean values + Standard deviation. The appetite assessment was carried using Yisunl Analog Scales and resulizs were expressed as percentage of the scale.
*Mean value was significantly different from that of baseline (repeated measure ANOVA; p< (05}
"Significant interaction between time points and group (repeated measure ANOVA with group as between subjects Tactor), Significant differences

between time points were assessed using repeated measure ANOVA with post hoc corrections.
“These parameters were messured twice and no interaction 1erm s available. The food intake assessment was carried using food freguency

questionnaires at baseline and end ol the study and significiint differences between time points were assessed using paired 7 test.
Ihfean value was significantly dilferent from that of baseline.

ANOVA). There were no significant differences observed
between the time points in both the experimental and

placebo group.

The mean compliance of the subjects in the expenimental
group to prescribed diet was 72% (55-88%) and T0%
(53-88%) to prescribed physical activity, while in the
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Table 4

Biochemical parameters of the subjects at baseline, Day 30 and Day &0 of the study
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Parameter Bazeline Dray 30 Day &0 F value povalue
Fastimg blvod swgar (mg/dl)

Experimental BOE4 168 RO 3+ 103 RO+ 104 Lns (195
Placebo 90.54 14.3 B9.0+ 109 91.7+11.1

Post prandial sugar (mg/dl)

Experimental 110,94+ 353 1083+ 25.2 .64 27.2 .69

Placebo 10194219 1061 +-18.1 10434250 .50
Total cholesterol (mg/dl)

Experimental 19254271 191.04239 954270

Placeba 1951+ 36.3 1945 +39.2 624373 01 {1,945
HDL cholesterol (g dl)

Experimental G594+ 11.08 6364 LD nd. 14+ 995 153 59
Placebho A6.34 108 5564131 e 0+11.0

LD eholesferad me/dl)

Experimenta 120.0+39.8 1H80+27.9 115.7+30.3

Placeho 12434382 126.3 +46.4 12894546 071 50
Serum trighreerides (mg/dl)

Experimentsl 194320 I12:0 £53.0 HD.3E505 019 52
Placebo 1D1.E4+44 3 10234379 101.34-384

Mean -+ 50

Mo significant differences in the biochemical parameters at various time points. Significant interaction between fime points and group were assessed using
repeated measure ANOVA with group as between subjects factor Significant differences between time points were assessed vsing repeated measure

AMNOYVA with post hoc cormections.

placebo group it was 67% (50-87%) to preseribed diet and
72% (33-88%) to prescnbed physical activity. The physical
activity level (PAL) of both the experimental and placebo
group did not change significantly during the study. The
PAL of the experimental group was 1.5940.03 at the start
of the study and 1.58 +0.08 at the end of the study period.,
while 1n the placebo group, 1t was 1.39+0.03 at the start of
the study and 1.60+002 at the end of the study periad.

There were no serious adverse events reported by the
subjects of the present study. The observed adverse events
were munor and limited to imtal mild symptoms of the
pastrointestinal tract such as abdominal distention, flatu-
lence, constipation and gastrits, Six (24%) of the subjects
Irom the experimental group and five (20%) of the subjects
from the placebo group experienced these minor adverse
effects. These symptoms were present in both the experi-
mental and placebo group of subjects. The symptoms
subsided within a week n all subjects. An amimal study
(Kurpad et al., unpublished) conducted to determine the
LD50 of the extract did not reveal any toxicity and the
LD30 was greater than 5g/ke.

Discussion

Food consumption in humans s regulated through a
number of complex biological mechanisms which ensures
that body weight is relatively constant over long periods.
Appetite regulates the body’s desire for food through a
complex biological process designed to satisfy the body’s
need for energy. protein, fat, carbohydrates and other

nutrients (Beckman et al., 2005), Appetite therefore plays
an amportant role in weight  regulation, and obese
individuals have been shown to have an increased appetite
and eating disorders such as binge eating, night eating or
compulsive  overeating disorders (Keefe, Wyshogrod,
Weinberger. & Agras, |984; Spitzer et al.. 1991). Thus
measures to reduce appetite of overweight and obese
individuals could help in preventing further weight gain
and 1n enhancing weight reduction.

Herbs contain a wide variety of active phytochemicals,
such as flavanoids, terpenoids, lignans. polvphenols,
saponing, plant sterols and cartenoids, and there s now a
fot of interest in herbs that possess  hypolipdene,
antiplatelet, anti-tumour and immune stimulating proper-
ties (Crang, 1999), Caralluma fimbriata, which grows
widely in India, is associated with folklore of appetite
reduction, and it is of interest 1o verify this effect through
controlled studies, There are several vanieties of Caralluma
that grow in India although these species are botanically
and phytochemically similar., The key phytochemical
ingredients in Caralluma are pregnane glycosides, flavone
glycosides, megastigmane glycosides, bitter principles,
saponing and various other flavonoids (Bader, Braca, De
Tommasi, & Morelli. 2003). The appetite suppressing
action of Caralluma could be attributed to the pregnane
glycosides, which are particularly rich in plants belonging
to the Asclepiadaceae family (Chrstiane, Klaus, &
Eberhard, 1993). It 15 unclear as to how pregnane glyeo-
sides or its related molecules may suppress appetite, and it
is thought that they amplify the signaling of the energy
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