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ABSTRACT

The present study was conducted to investigate the effect garbanzo containing diet on cholesterol in hamster fed cho-
lesterol containing high fat diet. It was hypothesized that garbanzo diet would lower cholesterol in hamsters, based on
previous observation of the bile acid binding potential of garbanzo. Garbanzo (Cicer arietinum), Bengal gram (Cicer
arietinum), lentils (Lens culinaris), soy protein isolate (SPI) or casein (control) diets were fed to hamsters for three
weeks. Initial and final animal weights, feed intakes and plasma triglycerides values were similar among all the treat-
ments. Garbanzo containing diet significantly lowered total plasma cholesterol (TC) compared with casein control.
There was 17% reduction in low density lipoprotein cholesterol (LDL-C) in hamsters fed the garbanzo diet; this differ-
ence was not significant due to high variability in within treatment values. Plasma cholesterol values with lentils diet
were similar those with the control diet. Liver lipid and liver cholesterol values with lentils diet were higher than all the
other treatments. Data suggest that garbanzo diet has the potential to lower the risk of atherosclerosis and improve hu-

man health.
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1. Introduction

The population of the Asian countries has a notably low
risk of coronary vascular disease (CVD), presumably due
to their lower intake of animal protein and higher intake
of various beans, which are being introduced to the
Western World mainly by migrants. Daily per capita
consumption of all bean products in Asia is estimated to
be 110 g, whereas in the USA it is about 9 g. Beans are
high in carbohydrates, fiber, minerals and protein, and
are especially rich in lysine but limited in some sulfur
amino acids [1,2]. Bengal gram (smaller size, yellow to
black color, wrinkled, Desi Chana, Asian variety of gar-
banzo) a protein rich bean which forms the staple diet of
people of low socioeconomic status in South East Asia,
was found to have a marked hypocholesterolemic effect
in cholesterol and cholic acid fed rats [3]. Both its protein
and fat fractions were found to cause this effect. In-
creased excretion of cholesterol as bile acids and neutral
sterols and decreased synthesis in liver are the probable
mechanisms of its action. We have previously observed
significant in vitro bile acid binding by garbanzo [4]. It
was hypothesized that garbanzo diet would lower cho-
lesterol in hamster, a rodent model for cholesterol studies
due to its response similar to humans for diet and drugs
[5-7]. Significant reductions in serum total cholesterol
(TC) and low density lipoprotein cholesterol (LDL-C)
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with a garbanzo containing diet have been reported [8].
In USA about 11% of the population is of Hispanic ori-
gin and they consume 33% of all bean products [9].
Beans consumed are pinto, kidney, black and navy as
cooked dry beans or canned (cooked, baked or refried).
In Western countries, kidney bean, lentils and garbanzo
are used in salads, soups and other food products. Bean
consumption of four times or more per week compared
with less than once a week has been associated with a
22% lower risk of CVD [10]. Rats and hamsters fed soy
protein isolate diet had significantly lower TC compared
with those fed a casein diet [11,12]. Meta-analysis of 38
controlled clinical trials revealed that 47 g per day intake
of soy protein isolate (SPI) was associated with decrease
of TC 9%; LDL-C 13%; and triglycerides (TG) 11% [13].
The changes in TC and LDL-C concentrations were di-
rectly related to the initial serum cholesterol levels. This
three week hamster feeding study was conducted to
evaluate cholesterol-lowering potential of diets contain-
ing garbanzo, Bengal gram, lentils, soy protein isolate
(SPI) or casein.

1.1. Materials and Methods

Male, 25-day-old weanling golden Syrian hamsters
(Charles River Laboratories, Wilmington, MA) were
housed individually in wire-bottomed cages in a con-
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trolled environment (20°C - 22°C, 60% relative humidity,
12-hr light and dark cycle) and fed ad-libitum Rat Labo-
ratory Chow 5001 M (Purina, Richmond, IN) for one
week. Animals were then weighed and assigned to one of
five treatments by selective randomization (blocked by
weight, one animal per treatment from each block, 10
animals per treatment). Total feed consumption was
measured, fresh feed was provided twice weekly, and
animals were weighed once a week during the 21-day
feeding period. All the procedures described were ap-
proved by the Animal Care and Use Committee of the
Western Regional Research Center, USDA, Albany, CA,
and conformed to the principles specified by the Com-
mittee on Care and Use of Laboratory Animals (1985).

Treatment diets (Table 1) were formulated to contain
10% total dietary fiber (TDF), 15% fat, 3.5% nitrogen,
and 0.4% cholesterol. The control diet contained casein
as protein source and cellulose as dietary fiber with the
same level of TDF, fat and cholesterol. Garbanzo (Cicer
arietinum), Bengal gram (Cicer arietinum) and lentils
(Lens culinaris) were obtained from local vendors. Soy
protein isolate, casein and other diet ingredients were
obtained from Dyets Inc. (Dyets Inc., Bethlehem, PA).
Diet ingredients were analyzed for total dietary fiber by
method 991.16 [14], nitrogen by method 990.03 [15]
with a Vario Macro Elemental Analyser (Elementar
Analysen systeme GmbH, Hanau, Germany), crude fat
with hexane, isopropanol (3:2) by the accelerated solvent
extractor (ASE 200 Dionex Corp., Sunnyvale, CA), ash
by method 942.05 [15] and for moisture by method
935.29 [15].

After two weeks of feeding the treatment diets, total
feces were collected for four consecutive days and ana-
lyzed for dry matter at 50°C under vacuum for 24 hr by
Method 934.01 [15]. Fecal samples were analyzed for
crude fat by accelerated solvent extractor using hexane
isopropanol (3:2) as solvent, extracted samples were
evaporated under nitrogen to determine lipid weight. Lipid
was dissolved in chloroform methanol (5:2), for deter-
mination of total neutral sterols. Aliquots (50 pL) were
dried under nitrogen, solubilized with Triton X-100 [16],
and analyzed for total neutral sterols by the same enzy-

Table 1. Composition of diets (% dwb)?.

Corn Peanut

Diet Ingredient Casein Soy-isolate Starch  oil Cellulose
Garbanzo 583 - 3.8 202 123
Bengal gram  35.5 - 13.0 322 138
Lentils 70.9 - - 10.1 135
Soy-isolate 23.7 - - 459 15.0
Control 252 - 444 150 10.0

All diets contained 3.5% mineral mix, 1.0% vitamin mix, 0.3% DL-me-
thionine, 0.2% choline bitartrate, 0.4% cholesterol. Diets were equal in total
dietary fiber (10%), crude fat (15%) and protein (21.7%).
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matic colorimetric procedure as that used for total plasma
cholesterol (TC).

At the end of the 21-day feeding period, all animals
were fasted for 16 hr and anesthetized with isoflurane for
tissue sample collection. Blood was drawn by cardiac
puncture into plastic tubes containing anticoagulant (ethy-
lenediamine tetraacetic acid dipotassium salt, 0.8 mg/mL
of blood) and centrifuged at 1500x g for 30 min at 4°C to
obtain plasma. Livers were excised, rinsed, blotted,
weighed, and kept on dry ice. Liver and plasma aliquots
were stored at —70°C until analysis.

Plasma, liver, and feces samples were analyzed by an
enzymatic colorimetric procedure for cholesterol and
triglycerides (diagnostic kits 2350-400H and TR 22421,
respectively; Thermo Fisher Scientific., Pittsburgh, PA).
Values were determined with standard curves obtained
by running several concentrations of standards provided
with the respective kits.

Fresh plasma samples were pooled (two animals per
pool) by using an equal volume of plasma from each
animal. A protease inhibitor, epsilon-amino caproic acid
(ICN Biomedicals, Costa Mesa, CA), 1.3 mg/mL of
plasma, and an antimicrobial agent, garamycin 50 mg 1
mL (Schering, Kenilworth, NJ), 10 uL/mL of plasma,
were added to stabilize the plasma. Lipoproteins were
fractionated by density gradient ultracentrifugation [17].
After the background density of 1 mL of plasma was
adjusted to 1.019 g/mL with 5 mL of NaCl solution
(1.0214 g/mL), plasma was centrifuged in an ultracentri-
fuge (Optima L-60, Beckman, Palo Alto, CA) at 40 K for
18 hr at 17°C in a rotor (model 50.3, Beckman). The top
1 mL (<1.019 g/mL) was removed as the VLDL frac-
tion, and another 1 mL was removed as background. The
subnatant (4 mL) density was adjusted to 1.067 g/mL
with 2 mL of NaCl solution (1.1562 g/mL) and centri-
fuged similarly for 24 hr. The top 1 mL (1.019 - 1.063
g/mL) was removed as the low density lipoprotein, 2" 1
mL was removed as background. The subnatant (4 mL)
contained the high density lipoprotein (HDL) fraction.
With each ultracentrifugation, two salt solution tubes
with similar density were run, and the densities of their
fractions were monitored with a density meter (model
DMA-48, Anton Paar, Richmond, VA). Lipoprotein frac-
tions were analyzed for cholesterol by the procedure de-
scribed for plasma.

Each liver was freeze dried in Labconco Freeze Dry
System (Labconco Corp. Kansas City, MO) for 72 hr.
Lipids were extracted from 0.5 - 0.7 g sample of dry
ground liver using hexane isopropanol (3:2) accelerated
solvent extractor. Lipid weight was determined after
evaporating the extracted lipid solvent under nitrogen at
37°C. Lipid was dissolved in 10 mL of chloroform and
methanol, 86:14, for cholesterol analysis. Liver total
cholesterol was determined in aliquots (30 uL) of extract
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after evaporation under nitrogen and solubilization with
Triton X-100 [16]; the enzymatic kit used was the same
as that used with plasma.

1.2. Statistical Analyses

Values were determined in triplicate, and analysis of
variance and Duncan’s new multiple range tests [18]
were conducted. A value of P < 0.05 was considered the
criterion of significance.

2. Results and Discussion

The initial weight (56.2 + 1.3 g), final weight (88.8 = 2.1
g), weight gain (32.6 = 1.8 g) and feed intake for 21d
(156 + 6 g) values were similar in hamsters fed all the
treatment diets. Hamster fed garbanzo containing diet
resulted in significantly (P < 0.05) lower total plasma
cholesterol (TC) than those fed the casein (control) or
lentils containing diets (Table 2). Hamsters fed Bengal
gram or soy protein isolate diets resulted in significantly
lower TC values than those fed lentils containing diet.
Diets containing Bengal gram or soy protein isolate (SPI)
resulted 6% - 7% lower TC than the control treatment,
but this difference was not significant. Pittaway et al. [8]
reported significant reduction in free living individuals
fed garbanzo diet compared with those fed wheat based
diet of similar fiber content. Mathur et al. [3] reported
TC reduction with Bengal gram diet in rats with elevated
cholesterol. Anderson et al. [13] reported meta-analysis
of 38 studies observing TC reduction with SPI diets.
Non-significant reductions in TC with Bengal gram and
SPI diets in study reported herein was possibly due to
lower elevation of TC with the control diet. The reduc-
tions in TC values have been reported to be proportional

Table 2. Plasma cholesterol and triglycerides of hamsters
fed garbanzo, Bengal gram, lentils, soy isolate and casein
diets for three weeks.

TC  VLDL-C LDL-C HDL-C TG
Treatment
mg/dL
Garbanzo  223+9° 43+£5® 55+3° 125+4° 119+£28™
Bengal gram 2358 427" 66+2® 127+3" 96=23
Lentils ~ 268+7° 5443 70+3® 143+6° 128+20
Soyisolate 237+8* 33+3° 75+7° 129+4" 6113
Casein  253+8%® 45+5® 66+10" 142+2° 12225

N = 10, Mean + SEM; values with different superscript letters differ signifi-
cantly (P < 0.05); N.S., non significant effect. Total Cholesterol, TC; Very
low density cholesterol, VLDL-C; Low density cholesterol, LDL-C; High
density cholesterol, HLD-C; Triglycerides, TG. All the analyses were con-
ducted in triplicates.

Initial wt, g 562+ 1.3 Range 55.9-56.5 N.S.
Final wt, g 88.8+2.1 Range 86.9-92.1 N.S.
Gain 21 d 326+1.8 Range 30.5-35.8 N.S.

Feed Intake 21 d, 156+ 6 Range 150-170 g N.S.
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to elevated initial level of cholesterol [11-13]. Very low
density lipoprotein cholesterol (VLDL-C) values for SPI
diet fed hamsters were significantly lower than those fed
lentils diet. Low density lipoprotein cholesterol (LDL-C)
values for garbanzo diet fed animals were significantly
lower than those fed SPI diet. High density lipoprotein
cholesterol (HDL-C) was significantly lowered with
garbanzo, Bengal gram and SPI diets compared with
those fed Lentils or control diet. With garbanzo diet there
were 17% reduction in LDL-C and TC and HDL-C were
lowered by 12%. In general when the TC is lowered
there is some reduction in HDL-C, higher reduction in
LDL-C is desirable. Triglyceride values for hamsters fed
SPI and Bengal gram diet were 50% and 21% lower than
those fed the control diet. Two-fold variability between
treatments in TG did not result in significantly differ-
ences between treatments due to high variability within
treatment values. Liver weights in animals fed SPI diet
were significantly lower than those fed control, garbanzo
or lentil containing diets (Table 3). Liver lipid and total
liver cholesterol values were significantly lower in ham-
sters fed garbanzo, Bengal gram, SPI or control diet
compared with those fed lentils diet. Higher liver lipid
and cholesterol data suggest that lentils diet may not have
cholesterol lowering potential. Fat digestibility for ham-
sters fed SPI diet was significantly lower than those fed
all the other treatment diets (Table 4). Cholesterol di-
gestibility in hamsters fed lentils diet was significantly
lower than those fed garbanzo or Bengal gram diets.
Neutral sterol excretion in hamsters fed lentils diet was
significantly higher than those fed garbanzo, Bengal
gram, SPI containing diets. With lentil containing diet
lower cholesterol digestibility and higher sterol excretion
is desirable, however higher plasma and liver cholesterol
values suggest that lentils do not have cholesterol lower-
ing potential.

3. Conclusion
Total plasma cholesterol was significantly and LDL-C
Table 3. Liver weight, lipids and cholesterol of hamsters fed

garbanzo, Bengal gram, lentils, soy isolate and casein diets
for three weeks.

Liver Liver Total
Treatment
weight (g) lipid (%) Cholesterol (mg/liver)

Garbanzo 43+0.1* 13.8+0.7° 548 +2.5"
Bengal gram  42+0.1® 14.7+0.5° 55.0+2.8°
Lentils 46+02° 17.8+0.8° 68.7+7.2°
Soyisolate  3.9+0.1° 13.1+0.6 54.6 +5.0°
Casein 4401 157+03° 50.5+3.3°

N = 10, Mean + SEM; values with different superscript letters differ signifi-
cantly (P < 0.05). All the analyses were conducted in triplicate.
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Table 4. Digestibility of diet lipids in hamsters fed garbanzo,
Bengal gram, lentils, soy isolate and casein diets for three
weeks.

Fat Cholesterol Sterol
Treatment
Digestibility (%) Excretion,( mg/4d)
Garbanzo 97.7+02%®  86.0+1.2™ 172+ 1.7%
Bengal gram  97.3+03°  84.6+0.9" 18.50 = 1.3%
Lentils 97.5+03"  80.5+15° 259+ 1.7
Soyisolate  954+0.1° 83.9+0.7% 184 +1.1%
Casein 972+0.2° 82.0+22% 21.45+2.4"®

N =10, Mean + SEM; values with different superscript letters differ signifi-
cantly (P < 0.05). All the analyses were conducted in triplicate.

(=17%) lowered in hamsters fed diet containing garban-
zo. Data lends credibility to in vitro study that reported
significantly higher bile acid binding by garbanzo [4].
Data suggest that under the conditions of this experiment
garbanzo diet showed promise in lowering the risk of
atherosclerosis and improve human health.
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