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ABSTRACT: Soluble fiber-rich tender cluster bean pod (Cyamopsis tetragonoloba) (CB) and a combination of CB and capsaicin,
a thermogenic spice compound, were evaluated for weight-reducing effect in high-fat-fed Wistar rats. Freeze-dried CB and
capsaicin were included at 15 and 0.015%, respectively, in the high-fat (30%) diet for 8 weeks. Excretion of dietary fat, fat
deposition in adipose, and activities of enzymes involved in lipolysis and lipogenesis were examined. CB and capsaicin additively
decreased weight gain in high-fat-fed rats, without affecting feed intake. The antiobesity potential of CB was through impeding fat
accumulation in adipose and enhancing fat excretion. Decrease in adipose triglyceride by the combination was higher than their
individual effects and was accompanied by enhanced activity of hormone-sensitive lipase-facilitating mobilization of depot fat.
Increased fecal excretion of triglycerides by the combination of CB and capsaicin was additive. Whereas the hypolipidemic effect
of the combination was higher than their individual effects, the decrease in hepatic cholesterol and triglycerides produced by the
combination was additve. Thus, dietary CB significantly checked weight gain and adverse changes in lipid profile in high-fat-fed
condition amounting to a cardioprotective effect. These beneficial effects were potentiated by coadministration of capsaicin.
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B INTRODUCTION

Excess body weight is an important risk factor for morbidity
and mortality,' with increased risk of type 2 diabetes,
osteoarthritis of weight-bearing joints, cardiovascular disease,
certain cancers, and musculoskeletal disorders.” The prevalence
of obesity and overweight is increasing in developed countries
due to change in lifestyle. Most researchers believe that
overweight and obesity are caused by numerous factors;
however, a long-term energy imbalance between intake and
expenditure appears to be the primary cause. Hence, limiting
energy consumption may be an important strategy for weight
control. Over the years, much attention has been devoted to
prescribing the optimal amount of food energy to achieve a
healthy body weight. Some researchers have also investigated
the possibility of consuming specific dietary components that
would aid in weight management. Fiber consumption is a
dietary approach that has received substantial attention in this
context. Experimental evidence on dietary fiber being inversely
related to the weight gain and also epidemiological evidence
have suggested a strong inverse association between intake of
dietary fiber and obesity and the risk of coronary heart disease.’
Moreover, vegetarian populations have a lower prevalence of
obesity, which suggests that their high fiber intake associated
with plant-derived foods could play an important role in the
prevention of obesity.”*

Dietary fiber intake may modulate parameters associated
with the control of metabolic syndrome, namely, food intake
through an effect on satiety, and consequently modulate
glucose homeostasis, insulin sensitivity, glycemia, insulinemia,
and blood lipids.”> The fermentable dietary fiber seems to be
important to produce specific effects on satiety and glycemia
through the release of gut peptides. Guar gum is a naturally
occurring soluble dietary fiber present in cluster bean, which is
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chemically a galactomannan polysaccharide.® This fiber under-
goes degradation in the large intestine by the microbial
enzymes, producing short-chain fatty acids that are beneficial to
human health.®

In the context of lower incidence of obesity in vegetarian
populations and the existing knowledge that soluble dietary
fiber may have an inverse relationship with weight gain, the
present animal study investigated a possible beneficial role of
dietary tender cluster beans as a source of soluble dietary fiber
in weight management in high-fat-fed rats. In this context, gain
in body weight, fecal excretion of dietary fat, fat absorption and
deposition in adipose tissue, and activities of enzymes involved
in liposlysis and lipogenesis were examined. The hypolipidemic
and antiobesity actions of dietary red pepper (Capsicum
annuum) and its pungent principle, capsaicin, are known.’
The mode of action of capsaicin in exerting the hypolipidemic
and weight-reducing effects is different from that of dietary
soluble fiber. Hence, there is a possibility of an additive effect or
even a synergistic effect when this spice is consumed in
combination with dietary soluble fiber. Because capsaicin
promotes fat oxidation in the body,” the same was also
evaluated in this study for a possible synergistic effect when fed
along with tender cluster beans.

B MATERIALS AND METHODS

Chemicals. Capsaicin was obtained from Fluka Chemie (Buchs,
Switzerland). Corn starch, sugar powder, and refined peanut oil were
purchased from a local market. Salt mixture (Bernhardt-Tommarelli
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modified) was from SISCO Research Laboratories (Mumbai, India). 4-
(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), dithio-
threitol (DTT), malic acid, nicotinamide adenine dinucleotide (NAD),
polyvinyl pyrrolidone (PVP-40), coenzyme A, malate dehydrogenase,
glucose-6-phosphate, nicotinamide adenine dinucleotide phosphate
(NADP), 6-phosphogluconate, reduced nicotinamide adenine dinu-
cleotide (NADH), lactate dehydrogenase, adenosine triphosphate
(ATP), glycyl-glycine, heparin, and bovine serum album were
procured from Sigma Chemical Co. (St. Louis, MO, USA).
Triethanolamine, vitamin E acetate, vitamin A acetate, cholecalciferol,
and ethylenediaminetetraacetic acid (EDTA) were obtained from
Himedia Laboratories (Mumbai, India). Food grade casein was
purchased from Nimesh Corp. (Mumbai, India). Other chemicals
and solvents were of analytical grade.

Tender cluster beans were procured from the local supermarket,
freeze-dried, and milled to a fine powder. The powdered dry samples
were analyzed for dietary fiber as soluble dietary fiber and insoluble
digtary fiber by adapting the rapid enzymatic assay procedure of Asp et
al.

Animal Treatment. The animal experiment was carried out by
taking appropriate measures to minimize pain or discomfort and with
due approval from the Institutional Animal Ethics Committee. Male
Wistar rats (eight per group) weighing 90—100 g (obtained from the
Experimental Animal Production Facility of this Institute) were
housed in individual stainless steel cages and maintained on various
experimental diets for 8 weeks with free access to food and water. The
basal AIN-76 semipurified diet consisted of casein, 21%; cane sugar,
10%; corn starch, 54%; refined peanut oil, 10%; vitaminized starch,
1%; and Bernhardt-Tommarelli modified salt mixture, 4%. The high-
fat diet (HFD) consisted of casein, 21%; cane sugar, 10%; corn starch,
34%; hydrogenated fat, 25%; refined peanut oil, 5%; vitaminized
starch, 1%; and Bernhardt-Tommarelli modified salt mixture, 4%.
Experimental intervention diets consisted of (1) cluster bean powder
(15%), (2) capsaicin (0.015%), and (3) cluster bean powder (15%)
plus capsaicin (0.015%) incorporated into basal and high-fat diets,
replacing an equivalent amount of corn starch. Food consumption was
monitored daily, whereas body weight gain was monitored at weekly
intervals. Food efficiency ratio was calculated as (body weight change
for the experimental period) + (food consumed for the experimental
period).

At the end of the experimental regimen, overnight-fasted animals
were sacrificed under ether anesthesia. Blood was drawn by cardiac
puncture and kept at 4 °C for 3 h. Serum was separated by
centrifugation at 1000g for 20 min and stored at —20 °C until analysis.
Liver was excised and rinsed with ice-cold phosphate-buffered saline
(pH 7.4). Whole liver weight was noted, and portions of fresh liver
were blotted, weighed, and stored at —20 °C until lipid analysis.
Perirenal adipose tissue was excised, weighed, and stored at —20 °C.
Triglycerides in adipose were estimated according to the procedure of
Fletcher.’

Dietary Fat Absorption. Toward the end of the feeding trial, fecal
matter was collected for 72 h. Weight of feces was noted, and fecal
triglyceride was estimated according to the method of Fletcher.” Fat
absorption was computed as the difference between fat intake
(computed from food intake data) and excretion through feces.

Serum and Liver Lipids. Total lipids in serum and liver were
extracted according to the method of Folch et al.'® Cholesterol in the
lipid extract was estimated by using the method of Searcy and
Bergquist."" Serum cholesterol and triglycerides associated with HDL
fraction were determined after precipitation of apolipoprotein-B-
containing lipoprotein with heparin—manganese reagent according to
the method of Warnick and Albers.'””> LDL—VLDL precipitate was
extracted with chloroform/methanol (2:1 v/v) and used for
cholesterol determination. Phospholipids were quantitated by ferrous
ammonium thiocyante method using dipalmitoylphosphatidylcholine
as standard according to the procedure of Stewart."® Triglycerides
were estimated by using the procedure of Fletcher” with tripalmitin as
reference standard. Perirenal adipose tissues were homogenized, and
lipid was extracted according to the method of Folch et al;'* *
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Activities of Liver Lipogenic Enzymes. Liver was homogenized
in cold 0.15 M potassium chloride (10% homogenate) and centrifuged
at 10000g at 4 °C for 15 min (Sorval RC-2B centrifuge, DuPont
Instruments, USA). The resulting postmitochondrial supernatant was
used for enzyme assays. Activities of ATP-citrate lyase,"* glucose-6-
phosphate dehydrogenase,'® 6-phosphogluconate dehydrogenase,'®
and malic enzyme'” were estimated using standard procedures.

Activity of Hormone-Sensitive Lipase in Adipose Tissue.
Hormone-sensitive lipase in perirenal adipose tissue was extracted as
described by Khoo and Steinberg.'® The tissue was homogenized in 4
parts of 0.05S M Tris-HCl (pH 8.2) containing 1 IU heparin/mL and
spun at 8000g for 30 min. The fat-free clear solution was used for the
determination of enzyme activity as described by Belfrage and
Vaughan.19 The enzyme (0.2 mL) was mixed with a buffer—substrate
mixture (0.6 mL) containing 40 gmol of phosphate buffer (pH 6.8), 1
umol of *C-triolein, 30 ymol of EDTA, and 20 mg of albumin, and
the mixture was incubated at 30 °C for 1 h. The reaction was
terminated by adding 3 mL of fatty acid extraction mixture
(chloroform/methanol/benzene (2:2.4:1 v/v)), containing 0.3 ymol
of nonradioactive oleic acid, followed by the addition of 0.1 mL of 1 N
sodium hydroxide (final pH 11.0). The mixture was shaken vigorously
and centrifuged at 1500g for 10 min. An aliquot of the upper phase
(1.8 mL) was transferred to a scintillation vial containing 10 mL of
scintillation fluid, and radioactivity was measured in a liquid
scintillation counter (Perkin-Elmer Tri-Carb 2900TR). The enzyme
activity is expressed as micromoles of free fatty acid released per gram
of fresh tissue per hour.

Statistical Analysis. Results are expressed as the mean + SEM,
and comparisons between groups were made by means of one-way
ANOVA using the Tukey—Kramer multiple-comparison test. Differ-
ences were considered to be significant for p < 0.05.

B RESULTS

Freeze-dried tender cluster bean pods used in this study
contained 12.2 g of soluble dietary fiber/100 g and 25.8 g of
insoluble dietary fiber/100 g, amounting to a total dietary fiber
content of 38% (w/w). In terms of freeze-dried cluster bean
powder included in the diets, 15% cluster bean containing diet
corresponded to 1.83% soluble dietary fiber, 3.87% insoluble
dietary fiber, and 5.7% total dietary fiber.

Influence of Dietary Cluster Beans and Capsaicin on
Body Weight and Liver Weight. Weight gain was 33%
higher in the HFD group as compared to basal control rats
(Figure 1A). CB reduced the weight gain in HFD fed rats by
13% (p < 0.05), whereas capsaicin produced a 15% decrease (p
< 0.05). The two test materials in combination produced a 28%
decrease in the body weight gain, amounting to an additive
effect (p < 0.05). Although CB and capsaicin individually
showed a tendency to resist weight gain in the basal diet fed
animals (not statistically significant), their combination
significantly decreased the weight gain in the animals fed
basal diet (p < 0.05). Feed intake data (not shown) suggested
that CB or capsaicin in the diet did not affect the feed intake.
Liver weight was decreased by dietary CB and capsaicin, both
individually and in combination (Figure 1B). HFD feeding
produced a 65% increase in liver weight. This increase in
absolute liver weight was countered by dietary CB and capsaicin
by 37 and 29%, respectively, whereas their combination
countered the same by 40%, bringing the value closer to that
of the basal control group.

Influence of Dietary Cluster Bean and Capsaicin on
Adipose Weight and Adipose Triglycerides. There was
about a 40% increase in the adipose weight as a result of feeding
HFD (Table 1). Weight of adipose tissue was decreased in
basal diet as well as in HFD-fed animals by inclusion of CB in
the diet. In the HFD-fed situation, dietary CB decreased the
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Figure 1. Influence of dietary cluster bean and capsaicin on (A, top)
body weight gain and (B, bottom) liver weight of rats fed a high-fat
diet. BC, basal control; HFD, high-fat diet; CB, cluster bean; CAP,
capsaicin. Values are the mean + SEM of eight animals per group. ?,
significant compared to basal control (p < 0.05); °, significant
compared to HED control (p < 0.05).

weight of perirenal adipose tissue by 45.6%, whereas capsaicin
and the two in combination lowered it by 40.2 and 48%,
respectively. Decreases of 42.3, 40.9, and 52.5% in the weight of
adipose tissue were seen upon inclusion of CB, capsaicin, and

their combination, respectively, in the basal diet fed condition.
Adipose triglyceride content was increased by 54% as a
consequence of HFD (Table 1). The reductions in adipose
triglyceride content brought about by inclusion of CB and
capsaicin along with HFD were about 60 and 56.5%,
respectively. The two in combination reduced it by 66%, an
effect greater than those of the individual components. In basal
groups, CB and capsaicin independently reduced adipose
triglyceride content by 53%, whereas the two fed in
combination produced a 68% decrease in the same. Thus, the
effect of the combination on adipose triglyceride deposition was
greater than either of the individual effects.

Influence of Dietary Cluster Beans and Capsaicin on
Hormone-Sensitive Lipase. HFD significantly increased the
activity of hormone-sensitive lipase in adipose tissue, which was
77.4% higher than the basal control (Table 1). Feeding CB or
capsaicin to rats maintained on HFD further increased the
activity of this enzyme by 33 and 26%, respectively. CB and
capsaicin together produced a 63% increase in the enzyme
activity. Thus, the combination of CB and capsaicin along with
HED produced an additive effect in increasing the activity of
hormone-sensitive lipase in adipose tissue, which facilitates
mobilization of adipose fat by these dietary interventions in a
high-fat-fed state. The same trend was seen in basal diet groups,
where feeding CB and capsaicin increased the activity of this
enzyme by 85 and 90%, whereas the combination of CB and
capsaicin increased the enzyme activity by 119%.

Influence of Dietary Cluster Beans and Capsaicin on
Serum Lipid Profile. Dietary CB and capsaicin showed
significant hypolipidemic effect both independently and in
combination in hypertriglyceridemic rats (Table 2). Feeding
HFD resulted in about a 14% increase in circulating total
cholesterol. A 17.2% decrease in circulating cholesterol was
seen in the group of rats fed HFD+CB (p < 0.5). The HFD
+CAP group showed an 18.6% reduction in circulating
cholesterol, whereas the HFD+CB+CAP group showed a
20.8% reduction in the same. Incidentally, a significant
reduction in serum cholesterol was also seen in basal groups
with these two dietary interventions; 12% decreases were
observed by feeding CB and capsaicin individually, whereas the
combination of the two produced a decrease of 20.2%. The
decrease in serum cholesterol brought about by dietary CB and
capsaicin was seen particularly in the LDL—VLDL fraction; the
lowering of circulating LDL—VLDL associated cholesterol by
CB and capsaicin was not additive. The HFD elevated serum

Table 1. Effect of Dietary Cluster Bean and Capsaicin on Adipose Tissue Weight, Triglycerides, and Activity of Hormone-

Sensitive Lipase in High-Fat-Fed Rats”

adipose weight

adipose triglyceride

g/100 g body

mg/100 g body

hormone-sensitive lipase in adipose tissue

diet groupb g weight mg/g tissue
BC 2.72 + 0.03 1.098 + 0.012 901.3 + 20.2
BC+CB 147 +£ 0.03 a 0.634 + 0.012 a 7289 + 200 a
BC+CAP 1.53 +£ 0.05 a 0.649 + 0.021 a 709.9 + 26.6 a
BC+CB+CAP 1.20 + 0.10 a 0.522 £ 032 a 6063 + 19.1 a
HFD 4.19 + 034 a 1.54 + 0.124 a 989.5 +20.7 a
HFD+CB 2.10 +£ 0.06 b 0.837 + 0.023 b 733.8 + 248 b
HFD+CAP 245 + 0.06 b 0921 + 0.022 b 719.6 + 314 b
HFD+CB 2.02 + 0.04 b 0.800 + 0.015 b 6442 + 298 b

+CAP

weight (mol FFA released/h/mg tissue)

989.6 + 22.2 1.594 + 0.125

462.1 + 12.7 a 2.960 + 0.161 a

4609 + 173 a 2.875 £ 0.209 a

316.5 + 100 a 3.503 + 0254 a
1523.8 + 319 a 2.828 + 0.229 a

6142 +20.7 b 3.761 + 0.312 b

662.8 + 289 b 3.544 + 0318 b

5154 + 238D 4.610 + 0416 b

“Values expressed are the mean + SEM of eight animals per group: a, significant compared to basal control (p < 0.05); b, significant compared to

HFD control (p < 0.05). YBC, basal control; HFD, high-fat diet; CB, cluster bean; CAP, capsaicin.
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Table 2. Influence of Dietary Cluster Beans and Capsaicin on Serum Lipid Profile in High-Fat-Fed Rats®

cholesterol
cholesterol/ phospholipid atherogenicity
diet groupb total LDL-VLDL HDL triglyceride phospholipid ratio index

BC 77.3 + 3.23 38.6 + 1.53 349 + 1.76 146.0 + 7.71 75.6 + 225 1.022 + 0.0585 1.106 + 0.043
BC+CB 68.0 +2.59 a 258 +243 a 38.8 £ 1.01 116.8 + 6.20 76.1 + 3.98 0.894 + 0.035 a 0.664 + 0.063 a
BC+CAP 68.1 + 4.17 a 269 + 0.63 a 37.0 + 1.07 1283 + 6.52 79.7 £ 1.59 0.855 + 0.052 a 0.727 + 0.037 a
BC+CB+CAP 617 + 1.38 a 239 £ 149 a 375 + 1.13 118.7 + 7.60 74.8 + 2.61 0.825 + 0.028 a 0.637 + 0.039 a
HFD 87.8 + 224 a 475 + 1.67 a 342 + 198 241.6 +9.51 a 74.0 + 2.60 a 1.186 + 0.050 a 1.388 + 0.049 a
HFD+CB 727 + 443 b 30.6 + 1.80 b 379 + 1.79 122.6 + 10.1 b 80.9 +243 b 0.626 + 0.054 b 0.807 + 0.047 b
HFD+CAP 71.5 + 390 b 338+ 143 b 32.7 + 3.08 1223 +£7.59 b 84.8 +2.61b 0.619 + 0.046 b 1.033 + 0.043 b
HFD+CB+CAP 69.5 + 1.64 b 293 +1.85b 37.5 + 2.69 914 + 839 b 91.6 + 2.50 b 0.540 + 0.020 b 0.781 + 0.043 b

“Values expressed (mg/dL) are the mean = SEM of eight animals per group: a, significant compared to basal control (p < 0.05); b, significant
compared to HED control (p < 0.05). YBC, basal control; HED, high-fat diet; CB, cluster bean; CAP, capsaicin.

Table 3. Effect of Dietary Cluster Bean and Capsaicin on the Liver Lipid Profile of Rats Fed a High-Fat Diet”

diet groupb cholesterol triglycerides

BC 9.79 + 0.311 124 + 0.25

BC+CB 754 £ 0132 a 10.7 £ 093 a
BC+CAP 8.96 + 0.260 a 11.1 +£ 0.57 a
BC+CB+CAP 638 + 0313 a 832 +128a
HFD 12.8 + 0.852 a 298 £ 221 a
HFD+BC 10.7 + 0.641 b 13.7 £ 121 b
HFD+CAP 11.5 + 0.180 16.0 + 0.77 b
HFD+CB+CAP 9.04 + 0.182 b 895+ 135D

phospholipids cholesterol/phospholipid ratio
24.7 + 0.80 0.396 + 0.013

26.7 + 123 0.282 + 0.00S a

27.6 + 091 0.325 + 0.010

28.8 + 1.14 0221 + 0.010 a

25.1 + 0.75 0.509 + 0.036 a

312 + 1.56 b 0.341 + 0.020 b

274 + 1.23 0. 418 + 0.016 b

304 + 098 b 0.297 + 0.008 b

“Values expressed as mg/g fresh tissue are the mean + SEM of eight animals per group: a, significant compared to basal control (p < 0.05); b,
significant compared to HFD control (p < 0.05). YBC, basal control; HFD, high-fat diet; CB, cluster bean; CAP, capsaicin.

triglyceride levels by 65.2%, whereas inclusion of CB and
capsaicin in the HFD significantly countered this elevation
(Table 2). Inclusion of either CB or capsaicin in the HFD
brought a decrease of about 49% in serum triglycerides,
whereas the combination of the two decreased it by 62.2%,
which is greater than the individual effects. Dietary CB and
capsaicin showed a hypotriglyceridemic effect even in the basal
diet groups. Whereas CB produced a 20% decrease and
capsaicin showed a 12% decrease, the combination of the two
showed a 20% decrease in circulating triglycerides. Although
HFD did not affect the circulating phospholipids, inclusion of
CB and capsaicin independently increased serum phospholipid
concentration in high-fat-fed animals, the increases being about
10 and 14.5%, respectively (Table 2). The combination of CB
and capsaicin along with HFD increased serum phospholipids
by 23.7%.

The atherogenicity index in HFD-fed rats was 25% higher
than that of basal control rats, thereby elevating the risk of
CVD (Table 2). This index was reduced in the groups of rats
fed CB and capsaicin in HFD as well as in basal groups (p <
0.5). The increase in atherogenicity index was countered by
dietary CB and capsaicin by 42 and 26%, respectively, whereas
the combination of the two lowered the same by 44% in the
HFD-fed situation. The same trend was seen in basal diet fed
rats, where dietary CB lowered the atherogenicity index by
40%, but capsaicin and the combination of the two lowered the
atherogenicity index by 34 and 42%, respectively. Dietary
intervention by CB and capsaicin reduced the HFD-induced
elevated cholesterol/phospholipid ratio in the serum by 47 and
47.5%, respectively, whereas the combination of the two
decreased it by 54.2% (Table 2). In the basal diet groups, CB
and capsaicin decreased the cholesterol/phospholipid ratio by
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12.4 and 16.2%, respectively, whereas their combination
brought about a 19% lowering of the same.

Influence of Dietary Cluster Beans and Capsaicin on
the Hepatic Lipid Profile. The increase in hepatic cholesterol
by HFD was countered to a significant extent individually by
dietary CB and capsaicin (16.5 and 10.2% decrease,
respectively) (Table 3), with their combination producing a
29.4% decrease, thus amounting to an additive effect of the two
ingredients. The same trend was seen in basal diet groups also,
where CB produced a 22.9% decrease and capsaicin produced
an 8.4% decrease in hepatic cholesterol, whereas their
combination produced a 34.8% decrease. HFD feeding resulted
in a 140% increase in liver triglycerides, which was effectively
countered by inclusion of CB or capsaicin individually (54.2
and 46.2% decrease, respectively) (Table 3). The combination
of CB and capsaicin produced a 70% decrease in hepatic
triglycerides in the high-fat-fed situation. Thus, the combination
of CB and capsaicin lowered triglycerides more than the
individual effects of these two ingredients. In basal diet groups,
CB and capsaicin lowered hepatic triglyceride by 13.8 and
11.3%, respectively (p < 0.05), whereas the combination
lowered it by 33%, which amounted to an additive effect of the
two ingredients. Hepatic phospholipid was enhanced by CB by
24.3%, whereas the combination of CB and capsaicin elevated
the same by 21.1% in the HFD group. As a result of enhanced
cholesterol content, high-fat-fed rats showed an elevated
cholesterol/phospholipid ratio, which was 28% higher
compared to basal control rats (Table 3). Feeding CB
decreased this ratio by 33%, whereas capsaicin decreased the
ratio by 18% in the high-fat-fed condition. The two in
combination lowered it by 42%. In basal diet groups, CB
decreased the hepatic cholesterol/phospholipid ratio by 29%,
whereas feeding capsaicin resulted in an 18% decrease. The

dx.doi.org/10.1021/jf301211c | J. Agric. Food Chem. 2012, 60, 8155—8162
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Table 4. Effect of Dietary Cluster Bean and Capsaicin on Hepatic Lipogenic Enzymes in High-Fat-Fed Rats”

diet groupb

malic enzyme (AE/h/mg protein) ATP-citrate lyase (AE/h/mg protein) 6-PGDH? (AE/h/mg protein) G-6PDH® (AE/h/mg protein)

BC 1.578 + 0.240 3.258 + 0.121 14.1 £ 0912 7.380 + 1.240

BC+CB 1.158 + 0.121 a 2372 £ 0422 a 8.94 + 1.202 a 3.588 + 0.660 a
BC+CAP 0.570 + 0.036 a 1291 + 0.120 a 4.62 + 0242 a 3.541 + 0.244 a
BC+CB+CAP 0.606 + 0.012 a 1.686 + 0.125 a 4.80 + 0.240 a 3420 £ 0234 a
HFD 0.606 + 0.036 a 2.064 + 0.128 a 422 + 0174 a 2.822 + 0.183 a
HFD+CB 0.636 + 0.012 2412 + 0305 b 4.98 + 0.302 b 3.302 + 0.298

HFD+CAP 0.654 + 0.018 2322 £ 0.183 b 5.16 + 0.180 b 3.542 £ 0.304 b
HFD+CB+CAP 0.780 + 0.060 b 2.826 + 0.122 b 5.88 +0.184 b 4204 + 0.180 b

“Values expressed are the mean + SEM of eight animals per group: a, significant compared to basal control (p < 0.05); b, significant compared to
HFD control (p < 0.05). YBC, basal control; HED, high-fat diet; CB, cluster bean; CAP, capsaicin. “AE, change in absorbance. 46.PGDH, 6-
phosphogluconate dehydrogenase. “G6PDH, glucose-6-phosphate dehydrogenase.

Table S. Effect of Dietary Cluster Bean and Capsaicin on Dietary Fat Absorption in Rats Fed a High-Fat Diet”

triglyceride absorption

diet groupb fat intake (g/day) fecal triglycerides (g/day) g/day % dietary triglyceride
BC 1.35 + 0.04 0.072 + 0.002 1.23 + 0.03 91.1
BC+CB 1.38 + 0.0S 0.169 + 0.028 a 1.21 + 0.03 87.7
BC+CAP 1.37 + 0.08 0.210 + 0.019 a 1.16 + 0.03 84.7
BC+CB+CAP 1.28 + 0.05 0.280 + 0.028 a 1.00 + 0.02 a 78.1
HFD 3.13 £ 0.09 a 0.450 + 0.037 a 2.68 + 0.05 85.6
HFD+CB 3.13 £ 0.18 0.650 + 0.052 b 248 + 0.13 79.2
HFD+CAP 3.02 + 0.10 0.702 + 0.034 b 232 + 0.07 b 76.8
HFD+CB+CAP 3.14 + 0.13 0.853 + 0.042 b 229 + 0.09b 729

“Values expressed are the mean + SEM of eight animals per group: a, significant as compared to basal control (p < 0.05); b, significant when
compared to HFD control (p < 0.05). ¥BC, basal control; HFD, high-fat diet; CB, cluster bean; CAP, capsaicin.

combination of the two produced a 45% decrease. Thus, in
both normal and high-fat-fed states, the two in combination
produced an effect that was greater than those of individual
components, suggesting an additive effect of CB and capsaicin
in reverting the elevated cholesterol/phospholipid ratio in the
liver.

Influence of Dietary Cluster Beans and Capsaicin on
the Activities of Hepatic Lipogenic Enzymes. Feeding
HFD significantly suppressed the activity of hepatic lipogenic
enzymes as a part of the body’s natural homeostatis (Table 4).
The test diets, CB, CAP, or their combination, countered the
HFD-induced decrease in the activity of these enzymes,
demonstrating a revival of endogenous fat synthesis to some
extent by impeding the absorption of dietary fat and
accelerating the removal of depot fat. The activity of ATP-
citrate lyase in the liver, which provides acetyl CoA for
lipogenesis, was decreased by 37% in rats fed HFD. HFD
enriched with CB increased its activity by 17%, whereas CAP
increased it by 12.5%. The combination of the two present
along with HFD caused a 37% increase in its activity, which
suggests an additive effect of the individual constituents. In the
basal diet groups, CB, CAP, and their combination caused
reductions in the activity of this enzyme by 27, 60, and 49%,
respectively. HFD feeding reduced the activity of malic enzyme
by 62%. Whereas feeding of CB and CAP along with HFD
showed a tendency to counter this decrease in the activity of
malic enzyme (not statistically significant), the combination of
CB and CAP increased the activity of malic enzyme by 29%
compared to HFD control (p < 0.5). In the basal group, all
three dietary interventions, namely, CB, CAP, and their
combination, brought about 26.6, 63.8, and 61.2% decreases
in its activity, respectively.
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HEFD feeding resulted in a reduction in the activity of hepatic
glucose-6-phosphate dehydrogenase (62% decrease) (Table 4).
Inclusion of CB, CAP, and their combination along with HFD
countered this decrease by 17, 23, and 49%, respectively. Thus,
the effect of the combination of CB and CAP on the activity of
this NADPH-producing lipogenic enzyme was additive. In the
basal diet groups, CB and CAP independently brought about
around a 51% reduction, whereas the combination brought a
53.6% reduction. Ingestion of HFD decreased the activity of
hepatic 6-phosphogluconate dehydrogenase by 70%. Dietary
CB and CAP enabled recoveries of the activity of this enzyme
to extents of 19 and 23%, whereas the combination of the two
recovered it by 40%, thus amounting to an additive effect. In
rats fed basal diet, the activity of hepatic 6-phosphogluconate
dehydrogenase was reduced by 36.5, 67.2, and 66% as a result
of feeding CB, CAP, and their combination, respectively.

Influence of Dietary Cluster Beans and Capsaicin on
Dietary Fat Absorption. Fecal excretion of triglycerides
increased significantly by CB feeding both in high-fat-fed and in
normal situations (Table 5). HFD feeding brought about a 6-
fold increase in fecal triglyceride excretion, this higher excretion
being necessitated by higher intake (30% fat in the diet).
Dietary CB enhanced the excretion of triglycerides in the feces
by 44%, whereas capsaicin brought about 56% increased
excretion of the same. Inclusion of the combination of CB and
capsaicin yielded a 90% increase in fecal triglycerides,
amounting to an additive effect. In basal diet groups, CB-fed
animals showed a 134% increase in fecal triglyceride excretion,
whereas capsaicin produced a 191% increase. Combination of
the two enhanced fecal triglycerides by 288%. There was an
observable decrease in fat absorption by dietary CB and
capsaicin. Rats fed HFD enriched with CB had a marginal
decrease in fat absorption (7.5% decrease), whereas capsaicin
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feeding alone decreased the absorption of dietary fat by 13.4%,
and the combination of the two produced a 14.6% decrease in
the same (p < 0.05). In the rats fed basal diet, a significant
18.7% lesser absorption of triglycerides was observed in the
case of combination of CB and capsaicin.

B DISCUSSION

Obesity is known to result from an imbalance between energy
intake and energy expenditure; consequently, prevention of
excess fat deposition is a strategy for the prevention of obesity
and metabolic disorders associated with it. Over the past few
decades, significant progress has been made in understanding
the role of dietary fiber in the promotion of health and
reduction of obesity-related disease risk. Studies have indicated
that consumption of chilli-containing meals increases energy
expenditure and fat oxidation due to its active principle,
capsaicin. Capsaicin exerts a lipotrophic effect similar to choline
in rats and decreases serum, myocardial, and aortic cholesterol
level in rats.”® The present investigation explored the potential
health benefits of consuming tender cluster bean as a source of
soluble dietary fiber and also its antiobesity effect, both alone
and in combination with capsaicin. Similar to the lowered
adipose triglycerides as seen in the present investigation by
teeding cluster bean and capsaicin, guar gum hydrolysate has
been reported to reduce the epididymal adipose tissue weight.”"
Perirenal adipose tissue weight was decreased in rats by
inclusion of capsaicin in the diet.”” The antilipogenic effects
and hence antiobesity potential of capsaicin have recently been
wellggl‘}lonstrated by several proteomic studies in experimental
rats.”™

A high-fat diet did not affect the feed intake in animals in the
present study. A similar observation has been reported, where
HFD did not alter the feed intake in rats.”* The weight gain was
reduced by CB and capsaicin independently and in
combination in both basal and HFD groups. CB and capsaicin,
individually and in combination, suppressed body weight but
not feed intake. In experimental studies, where oral capsaicin
was provided to rodents as 0.014% of the diet, a dose
equivalent to that ingested by rural Thai people, there were
significant 24 and 29% reductions in the weight of perirenal fat,
without an effect on total caloric intake.*®

This study established that consumption of fiber-rich
vegetables and the pungent spice compound together has a
better antihypercholesterolemic effect. The present investiga-
tion showed that CB has a tendency to correct the altered
serum and liver lipid profile, especially to lower total and LDL-
cholesterol in high-fat-fed condition. We have recently reported
that dietary tender cluster beans produce a significant
hypolipidemic effect in hypercholesterolemic rats, and dietary
garlic };otentiated this hypocholesterolemic effect of cluster
beans.”” Our study also found improvement in health indices
such as atherogenicity index and cholesterol/phospholipid ratio
in serum and liver. Besides, it was inferred that CB as a source
of dietary fiber has the potential of improving cardiovascular
health. An improved atherogenicity index has been reported by
feeding 10% guar gum in the atherogenic diet of rats.*®

Feeding HFD increased the liver lipids significantly. CB and
capsaicin, individually or in combination, significantly coun-
tered it. This action of CB to suppress hepatic cholesterol in
high-fat-fed as well as normal conditions establishes the utility
of fiber in diverting cholesterol into bile acids and facilitating
their excretion, which results in reduction of cholesterol in body
tissues. We have recently observed that the 6-fold elevation in
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hepatic cholesterol in hypercholesterolemic animals was also
countered by dietary CB and garlic, their combination
producing a synergistic reduction.”” Countering of the increase
in hepatic triglycerides was also additive by the combination of
dietary CB and garlic. Rideout et al. have reported that the
increased hepatic demand for cholesterol from the guar gum
induced reduction in hepatic free cholesterol pool can be met
by an increased uptake of lipoprotein cholesterol from plasma,
the release of free cholesterol from intracellular cholesteryl ester
and membrane cholesterol, or increasing hepatic cholesterol
synthesis.”® Inclusion of 0.014% capsaicin in the diet reduced
serum triglycerides in high-fat-fed rats as reported.”* Similarly,
administration of capsaicin to hypertriglyceridemic rats resulted
in lowered serum and liver lipids.*> Capsaicin administered to
hypertriglyceridemic rats lowered hepatic triglyceride signifi-
cantly.*

There appears to be a tremendous potential in CB and
capsaicin to lower and diverge body stores of triglycerides
through feces and bring about beneficial a decrease in its
content in body tissues. Our study revealed that consumption
of CB enhanced fecal triglyceride excretion and decreased
absorption of dietary fat; both of these work toward one
common end, that is, lowering triglycerides in body tissues.
One of the primary actions of soluble fiber in the intestine is to
reduce dietary fat and cholesterol uptake.>’ The interference
mechanisms include direct binding of cholesterol to the soluble
fiber within the intestinal lumen and interference with the
diffusion of luminal cholesterol toward the epithelial cell
surface.’ The cholesterol-lowering effect of guar gum is
mediated by an accelerated fecal excretion of steroids and
biliary secretion of bile acids;** the increase in fecal loss of bile
acids resulting from a reduction in the enterohepatic
recirculation of bile acids stimulates the liver to produce
more bile acids from cholesterol, thus reducing the hepatic free
cholesterol concentration. Fat absorption was significantly
reduced by CB independently or along with capsaicin. The
extent of dietary triglyceride absorption in rats fed test diets was
markedly decreased, which is consistent with the decrease in
triglycerides in tissues and fecal excretion of unabsorbed
triglycerides. Reducing fat absorption is an effective way to
suppress body weight gain. In the present study, we report this
observation on a fiber-rich vegetable that interrupts fat
absorption and diverts it out of the body.

Capsaicin, the pungent principle of red pepper, has been
reported to reduce adiposity in rats, which can be partly
explained by the enhancing effects on energy and lipid
metabolism via catecholamine secretion from the adrenal
medulla through sympathetic activation of the central nervous
system. An increase in diet-induced thermogenesis and a
decrease in respiratory quotient immediately after a meal
containing red pepper/capsaicin have been reported.’
Decreased appetite, decreased food intake, and increased
energy expenditure have been shown after consumption of
red pepper.**

Adipose tissue and liver are the two main sites of de novo
lipogenesis, the synthesis of fatty acid molecules from nonlipid
substrates.’> ATP-citrate lyase, which provides the substrate
acetyl-CoA for fatty acid synthesis in the cytoplasm, and the key
enzymes that provide the supply of NADPH in cytoplasm
required for fatty acid synthesis (G6PDH, 6PGDH, and malic
enzyme), represent the lipogenic enzymes. The activity of
lipogenic enzymes was decreased in HFD-fed rats, which may
be an indication of the body’s homeostasis, wherein lipogenesis
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in the body is diminished due to availability of excess dietary
fat. CB and capsaicin by virtue of their independent
mechanisms cause decreased fat absorption and a higher
excretion of fat in the feces and, hence, reduced fat
accumulation in body. This in turn revived the activity of
lipogenic enzymes in the body. HFD reduced the activity of
lipogenic enzymes (glucose-6-phosphate dehydrogenase, 6-
phosphogluconate dehydrogenase, and malic enzyme) which
produce NADPH required for lipogenesis. The activities of
these dehydrogenases increase during elevated lipid synthesis,
whereas inclusion of fat in the diet leads to a marked reduction
in the rate of fatty acid synthesis and the level of lipogenic
enzymes.”> ATP-citrate lyase is the primary enzyme responsible
for the synthesis of cytosolic acetyl-CoA in many tissues; acetyl-
CoA serves several important biosynthetic pathways including
lipogenesis and cholesterogenesis.”

The activity of hormone-sensitive lipase (HSL) that causes
lipolysis of adipose triglycerides is associated with the release of
adipose fatty acids into circulation and was found to be
enhanced by diets enriched with CB, capsaicin, or their
combination. This mobilizes more and more accumulated
triglycerides, favoring a more rapid turnover of tissue lipids.
Inhibition of HSL activity by extract from dried roots of Salacia
reticulate and inhibition of fat accumulation in adipose tissue in
a high-fat-fed situation have been reported.*®

Thus, it may be inferred that dietary CB is a potential
antiobesity agent that could check the gain in body weight
through impeding fat absorption and its accumulation in
adipose depot and enhancing fat excretion to an apreciable
extent. CB and capsaicin in combination acted almost additively
in decreasing the body weight gain in high-fat-fed rats and
brought a significant decrease in weight gain in the animals fed
basal diet. Adipose tissue weight was decreased by inclusion of
CB or capsaicin in the diet. The decreasing effect of the
combination on adipose triglyceride was greater than their
individual effects. THe combination of CB and capsaicin along
with HFD produced an additive effect in increasing the activity
of HSL in the adipose tissue, which facilitates mobilization of
adipose fat by these dietary interventions in high-fat-fed
animals. Increased fecal triglycerides by the combination of
CB and capsaicin was additive. We observed an impressive
capability of fiber-rich CB and capsaicin to lower triglycerides in
serum, liver, and adipose with a concomitant higher fecal
excretion. Consistent lowering of triglycerides in various tissues
of the body ensures the antiobesity role of CB, which is further
enhanced by capsaicin. Dietary CB and capsaicin brought about
a significant hypolipidemic effect both independently as well as
in combination in hypertriglyceridemic rats; the effect, although
not additive, was more than the individual effects. These results
suggest the potential of fiber-rich CB in improving
cardiovascular health. The combination of CB and capsaicin
lowered hepatic cholesterol and triglycerides by an extent that
amounted to an additive effect of the two ingredients.

The effects of cluster beans and capsaicin seemed quite
similar on most parameters examined in this investigation in
connection with weight control. These two exert their
influences potentially by very different mechanisms of action,
that is, CB by altering the gut environment and capsaicin by
thermogenesis. The effect of these two interventions appears to
be complementary in terms of the extent of the desired action.

The freeze-dried tender cluster bean powder used in our
study contained total polyphenols to an extent of 398 mg/100 g
(data not shown). When included in the diet at 15 g/100 g, the
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total polyphenol concentration in the diet would be 60 mg/100
g, compared to 1.83 g soluble fiber and 3.87 g insoluble fiber/
100 g diet. Hence, it is less likely that components other than
dietary fiber such as polyphenols may have contributed to the
observed hypolipidemic and weight-reducing action of tender
cluster beans.
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