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Abstract
Kakrol (Momordica dioica Roxb.) is a cucurbitaceous vegetable native to India and Bangladesh. Bitter gourd (Momordica

charantia Linn.), a species related to kakrol, has been shown to have pharmacological properties including antidiabetic

and antisteatotic effects. In this study, we investigated the effect of dietary kakrol on lipid metabolism in rats. Sprague-

Dawley rats were fed AIN-76 formula diets containing 3% freeze-dried powders of whole kakrol or bitter gourd for two

weeks. Results showed significantly lowered liver cholesterol and triacylglycerol levels in rats fed on both diets. Fecal lipid

excretion increased in rats fed the kakrol diet, and lymphatic transport of triacylglycerol and phospholipids decreased in

rats fed the kakrol diet after permanent lymph cannulation. Furthermore, n-butanol extract from kakrol caused a significant

concentration-dependent decrease in the pancreatic lipase activity in vitro. These results indicate that the mechanisms of

action on lipid metabolism in kakrol and bitter gourd are different and that dietary kakrol reduces liver lipids by inhibiting

lipid absorption.
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Introduction

Momordica dioica Roxb. is known as kakrol or teasle gourd in
English and as kakora in Hindi. Kakrol is native to India
and Bangladesh. In India, the vegetable is traditionally
renowned for its medicinal properties.1 Like bitter gourd
(Momordica charantia Linn.), kakrol belongs to the genus
Momordica. Animal studies reportedly show that bitter
gourd flesh2 and winter melon seed (Benincasa hispida
Cogn.)3 improve lipid metabolism in animal models. In
Japan, China and India, westernized dietary habits have
increased the potential for and development of metabolic
syndrome. Fatty liver, in which triacylglycerol comprises
more than 10% of weight, is one of the symptoms of meta-
bolic syndrome4 and is usually caused by high-calorie diets.

Treatment and recovery generally include a relatively long-
term decrease in caloric intake and an increase in exercise.
Problems associated with low-calorie diets, such as low
protein intake and an imbalance in minerals and vitamins,5

can also contribute to fatty liver disease. Patients can control
and cure fatty liver disease by following a dietician-
recommended diet. Interest in finding new plant-based
compounds and researching triacylglycerol metabolism
has increased because compounds such as capsaicin6 and
catechin7 promote fatty acid catabolism. Some saponins8

naturally inhibit intestinal absorption of triacylglycerol
and effectively ameliorate triacylglycerol metabolism.

Jain et al.1 reported that ethanolic and aqueous extracts of
kakrol leaves have antioxidant and hepatoprotective
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properties in rats with fatty liver induced by carbon tetra-
chloride. Also, dietary intake of the cucurbit bitter gourd
reportedly reduces hepatic triacylglycerol and steatosis.2

Studies indicate that momordicin9 and geranylgeraniol10

in bitter gourd flesh are peroxisome proliferator-activated
receptor a (PPARa) ligands, which promote fatty acid cata-
bolism.11 Thus, cucurbitaceous plants can improve lipid
metabolism.

We determined the nutrient contents of an edible part of
kakrol to identify its nutritional value. Moreover, we also
compared the effect of freeze-dried dietary kakrol and
bitter gourd powders on lipid metabolism in rats. The
purpose of this study was to determine which dietary
intake, kakrol or bitter gourd, ameliorates hyperlipidemia
and fatty liver by improving lipid metabolism in rats.

Materials and methods

Determination of nutrients in kakrol and bitter gourd

Kakrol (Cucurbitaceae: Momordica dioica Roxb.) and bitter
gourd (Cucurbitaceae: Momordica charantia Linn.; a variety
of Powerful-Reishi) were developed and cultivated at the
Ishigaki branch of the Okinawa Prefectural Agricultural
Research Center (Okinawa, Japan) and Kyushu University
(Fukuoka, Japan). Kakrol and bitter gourd were cut into
small pieces, freeze-dried and powdered. These freeze-dried
powders were used in the following experiments. Protein
content in the freeze-dried kakrol powder was determined
by the Kjeldahl method (AOAC 984.13). We applied a nitro-
gen–protein conversion factor of 5.71 for vegetables. Total
lipids were extracted by the method of Folch et al.12 and
weighed. Ash content was determined by the direct ash
method (AOAC 942.05). a-Tocopherol13 and b-carotene14

contents were measured by high-performance liquid chrom-
atography (HPLC). The column for a-tocopherol was
packed with Zorbax SIL (5 mm, 4.6 � 250 mm; Agilent
Technologies, Tokyo, Japan) and the column for b-carotene
was packed with Inertsil ODS-3 (5 mm, 4.6 � 250 mm; GL
Sciences Inc, Tokyo, Japan). Ascorbic acid content was
determined by the hydrazine method.15 Total lipids were
transmethylated using the sulfuric acid 2 methanol
method;16 fatty acid compositions of the total lipids in
kakrol and bitter gourd were determined by packed-column
gas chromatography, and the column was packed with Silar
10C (GL Sciences Inc).

Animals and diets

Five-week-old male Sprague 2 Dawley rats (Kud:SD)
obtained from Kyudo Co (Kumamoto, Japan) were
divided into three groups. The rats were housed individu-
ally in an air-conditioned room (21–248C, with light con-
ditions from 08:00 to 20:00 h). Before the experiment, all
rats were allowed free access to commercial chow (type
NMF; Oriental Yeast, Tokyo) for one week. The experimen-
tal diets were prepared according to AIN-76.17 The control
diet contained 200 g/kg casein, 150 g/kg cornstarch, 50 g/kg
cellulose, 50 g/kg corn oil, 35 g/kg mineral mixture
(AIN-76), 10 g/kg vitamin mixture (AIN-76), 3 g/kg

DL-methionine, 2 g/kg choline bitartrate and 500 g/kg
sucrose. In the kakrol and bitter gourd groups, sucrose was
replaced with 30 g/kg of freeze-dried kakrol and bitter
gourd powders. The rats were pair-fed the experimental
diets for 14 d. They were sacrificed by decapitation without
starvation, and blood was collected. Liver and white
adipose tissues (epididymal, mesenteric, perirenal and retro-
peritoneal) were excised and weighed. This experiment was
conducted under the Guidelines for Animal Experiments at
Kyushu University (Fukuoka, Japan) and under Law no.
105 and Notification no. 6 of the Government of Japan. The
authorization number was A20-041-0.

Serum and hepatic lipids

Serum total cholesterol and triacylglycerol concentrations
were determined using enzyme assay kits (Cholesterol E
test and Triglyceride E test; Wako Pure Chemicals, Osaka,
Japan). Liver lipids were extracted with chloroform:metha-
nol (2:1, v/v) according to the method of Folch et al.12 The
concentrations of hepatic total cholesterol, triacylglycerol
and phospholipids were determined by the method of
Sperry and Web,18 Fletcher19 and Wootton,20 respectively.
Cholesterol ester levels were calculated as the difference
between total and free cholesterol.

Fecal steroids

Feces were collected for three days at the end of the feeding
period, lyophilized and weighed. Powdered feces were
extracted with absolute ethanol at 808C, and the extract
was hydrolyzed in sodium hydroxide solution at 1208C.21

After extraction of the neutral steroids with diethyl ether,
the solution was acidified with HCl, and the acidic steroids
were extracted with diethyl ether. Fecal neutral sterols
were derivatized into trimethylsilyl ethers and quantified
by gas 2 liquid chromatography on a Supelco SPB-1
column (0.25 mm, 0.25 mm � 60 m; Sigma-Aldrich Japan,
Tokyo, Japan). Fecal acidic steroids were methylated, deri-
vatized into trimethylsilyl ethers and quantified by gas–
liquid chromatography on a Supelco SPB-1 column.
5a-Cholestane (Nacalai Tesque, Kyoto, Japan) and
23-nordeoxycholic acid (Steraloids, Wilton, NH, USA)
were used as internal standards for the neutral sterols and
bile acids, respectively.22 Lithocholic acid (3a-hydroxy-
5b-cholan-24-oic acid; Gasukuro Kogyo, Tokyo, Japan),
deoxycholic acid (3a,12a-dihydroxy-5b-cholan-24-oic acid;
Calbiochem, Behring, CA, USA), chenodeoxycholic acid
(3a,7a-dihydroxy-5b-cholan-24-oic acid; Sigma-Aldrich,
St Louis, MO, USA), ursodeoxycholic acid (3a,7b-
dihydroxy-5b-cholan-24-oic acid; Sigma-Aldrich), hyo-
deoxycholic acid (3a,6a-dihydroxy-5b-cholan-24-oic acid;
Applied Science Laboratories, Bedford, MA, USA),
a-muricholic acid (3a,6b,7a-trihydroxy-5b-cholan-24-oic
acid; Steraloids), b-muricholic acid (3a,6b,7b-trihydroxy-
5b-cholan-24-oic acid; Steraloids) and cholic acid
(3a,7a,12a-trihydroxy-5b-cholan-24-oic acid; Wako Pure
Chemicals) were used to determine peaks. Neutral steroid
and acidic steroid levels were calculated based on the sum
of the identified peaks.
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Fecal free fatty acid

Fecal free fatty acid was analysed by the method of van de
Kamer23 modified by Jeejeebhoy.24 In brief, fecal lipids were
extracted three times with heptane:diethyl ether:ethanol
(1:1:1, v/v) (10 mL � 2) and the upper phase consisted of
heptane:diethyl ether:ethanol:deionized water (1:1:1:1, v/v)
(10 mL � 1) from 1 g of powdered feces acidified with two
drops of concentrated HCl. The lipids were dried under a
stream of nitrogen and then redissolved in 10 mL of
hexane as fecal lipid solution. Five milliliter of 1 N NaOH
in 90% ethanol was added to the dried fecal lipid solution
and refluxed for 45 min at 808C. Five milliliter of 1.05 N
H2SO4 in saturated NaCl and 2.5 mL of deionized water
were added to the hydrolysis mixture after cooling. At this
stage, the pH of the mixture was checked. The acidified
hydrolysate (pH 3) was extracted twice with 12 mL of the
upper phase consisting of heptane:diethyl ether:ethanol:-
deionized water (1:1:1:1, v/v). The extracts were dried
under a stream of nitrogen and then added to 3 mL of
ethanol and titrated with 0.01 mol/L NaOH using phe-
nolphthalein as an indicator. The equivalence of NaOH to
fatty acid was determined by estimating the volume of
0.01 mol/L NaOH used to neutralize 0.1 mmol of oleic
acid in 3 mL of ethanol.

Permanent lymph duct cannulation

Male Sprague-Dawley rats (Kud:SD), aged eight weeks and
obtained from Kyudo Co, were maintained in an air-
controlled room. The rats were trained to consume the
AIN-76 formula diet as a basal diet twice a day from
10:00 to 11:00 h and 16:00 to 17:00 h for five days.
Deionized water was freely available throughout the
feeding periods. All rats were anesthetized with Nembutal
prior to permanent cannulation of the thoracic lymph duct
as described previously.25 A cannula (SH silicon tube,
0.5 mm inner diameter [i.d.] and 1.0 mm outer diameter
[o.d.]; Kaneka Medics, Osaka, Japan) filled with heparinized
saline was inserted into the thoracic duct and secured
within the abdominal cavity. The rats were returned to
their cages and fed a basal diet twice a day, as described.
On the third day, the rats were attached to a long polyethy-
lene cannula (0.58-mm i.d. and 0.97-mm o.d.; Becton
Dickinson and Company, Sparks, MD, USA) to collect the
lymph. The end of the cannula was placed at 5–10 cm
below the bottom of the cage to allow the lymph to drain
into the cannula. The lymph was collected for 20 min, and
the rats were then given free access to the experimental
diets for 30 min. Lymph was collected every hour for
seven hours. After removing the fibrin, ethylenediaminete-
traacetic acid at a final concentration of 0.01% was added
to the lymph solutions. Each lymph solution was stored at
2308C for up to 12 h. The rats had free access to deionized
water throughout the feeding periods and during lymph
collection. This experiment was conducted under the
Guidelines for Animal Experiments at Kyushu University
(Fukuoka, Japan) and under Law no. 105 and Notification
no. 6 of the Government of Japan. The authorization
number was A19-195-0.

Lymphatic lipids transport

Lymphatic total cholesterol and triacylglycerol concen-
trations were measured using enzyme assay kits
(Cholesterol E test and Triglyceride E test; Wako Pure
Chemicals) similar to the analysis of serum lipids. The con-
centration of lymphatic phospholipids was determined
using an enzyme assay kit (Phospholipid C test; Wako
Pure Chemicals). If lymphatic lipid concentrations exceeded
the range of a standard curve, the lymph was diluted with
physiological saline.

a-Tocopherol levels in liver and lymph

The lymph solutions collected hourly were pooled into a
total lymph solution in a ratio of the lymph solution
volume at every hour. After lymphatic lipid extraction
with hexane, a-tocopherol levels in the total lymph solution
were determined by HPLC.13 The column was packed with
Zorbax SIL (5 mm, 4.6 � 250 mm; Agilent Technologies).
a-Tocopherol in the liver lipid extract was determined in
the same manner.

Preparation of saponin fraction (butanol-soluble
fraction)

Saponin fractions (butanol-soluble fractions) of kakrol and
bitter gourd were prepared according to the method of
Oishi et al.26 Freeze-dried kakrol and bitter gourd
powders (50 g each) were combined with 70% methanol
and maintained at room temperature for two days. The
extracts were filtered, and the residues were combined
with 70% methanol for re-extraction. The two extracts
were combined, filtered, concentrated using a rotary evap-
orator and freeze-dried, and methanol extracts (kakrol:
12 g, 24%; bitter gourd: 10 g, 20%) were obtained. The
extracts were dissolved in pure water and partitioned
twice with diethyl ether, and the partitioned ether layers
were removed. The water layers were partitioned twice
with n-butanol, and the partitioned butanol layers were sep-
arated. The extracts were concentrated and dried under
reduced pressure. Saponin fractions (kakrol: 0.94 g, 1.9%;
bitter gourd: 0.99 g, 2.0%) were prepared as butanol-soluble
components from the butanol layers.

Pancreatic lipase activity in vitro

Pancreatic lipase activity was measured according to the
method of Han et al.27 An emulsion (9 mL) of 80 mg trio-
leoylglycerol, 10 mg phosphatidylcholine and 5 mg
sodium taurocholate in 0.1 mol/L N-tris(hydroxymethyl)
methyl-2-aminoethane sulfonic acid (TES) buffer (pH 7.0)
containing 0.1 mol/L sodium chloride was prepared by
sonication and maintained at 378C. A total of 100 mL of
the emulsion was incubated at 378C for 30 min with 5 U
of porcine pancreatic lipase (Nacalai Tesque) solubilized in
0.1 mol/L TES buffer containing 0.1 mol/L sodium chloride
and various concentrations of the n-butanol-soluble frac-
tions from kakrol or bitter gourd (100 mL). Released fatty
acids were extracted with chloroform:heptane:methanol
(49:49:2, v:v:v) and measured colorimetrically at 480 nm.
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Pancreatic lipase activity was calculated for each sample,
and an absence of fatty acid production in the sample was
assumed to indicate 100% activity.

Plant sterol content in kakrol and bitter gourd

Lipids in the kakrol and bitter gourd powders were
extracted and purified by the method of Folch et al.12 After
saponification of the lipids, unsaponifiable matter was deri-
vatized into trimethylsilyl ethers and quantified by gas–
liquid chromatography on a Supelco SPB-1 column
(0.25 mm, 0.25 mm � 60 m; Sigma-Aldrich Japan) using
5a-cholestane (Nacalai Tesque) as an internal standard.22

Statistical analysis

The data were expressed as means+SEM and analyzed by
Tukey–Kramer’s multiple comparison post hoc test to ident-
ify differences among groups. Differences were considered
significant at P , 0.05.

Results

Nutrient content of kakrol and bitter gourd

Nutrient contents and fatty acid composition of total lipids
in kakrol and bitter gourd are represented in Table 1. It
deserves special mention that the contents of ascorbic acid
and unsaturated fatty acid ratio in kakrol flesh were
higher than in bitter gourd. However, these differences
were small in the diets.

Rat growth parameters

No differences in final body weights, food intakes or food
efficiencies were found among the three groups (Table 2).

A major effect exhibited by rats fed on the bitter gourd
diet was an increase in the relative total white adipose
tissue weight. Comparison of the two diets showed that
liver weight was significantly higher in rats fed on the
kakrol diet than in rats fed on the bitter gourd diet.

Lipid concentration in serum and liver

No significant differences in serum lipid concentrations
were found among the three groups (Table 2). Hepatic
cholesterol concentrations decreased significantly in rats
fed on the kakrol or bitter gourd diet compared with
those fed on the control diet because of decreasing esterified
cholesterol. Also, both the kakrol and bitter gourd diets sig-
nificantly decreased hepatic triacylglycerol and
a-tocopherol concentrations, and the kakrol diet signifi-
cantly diminished hepatic phospholipid concentration.

Feces, fatty acid and bile acid excretion per day

A significant difference in feces’ dry weights was found in
rats fed on the kakrol and bitter gourd diets compared with
those fed on the control diet; the kakrol and bitter gourd diets
showed higher decreases in feces’ dry weights than
the control diet (1.42+0.03, 1.78+0.05 and 1.70+0.02 g/d
for the control diet, kakrol diet and bitter gourd diet,
respectively). The kakrol diet markedly increased fatty
acid excretion compared with the control and bitter gourd

Table 1 Nutrient contents and fatty acid compositions of kakrol and
bitter gourd�

Kakrol Bitter gourd

Crude protein (mg/g d.w.) 92.6 133.4

Ash (mg/g d.w.) 77.0 71.3

a-Tocopherol (mg/g d.w.) 121.5 196.1

b-Carotene (mg/g d.w.) 10.5 36.4

Ascorbic acid (mg/g d.w.) 25.1 11.0

Cholesterol (mg/g d.w.) 7.4 25.9

Total plant sterol (mg/g d.w.) 335.9 279.8

Campesterol (mg/g d.w.) n.d. 27.1

Stigmasterol (mg/g d.w.) n.d. 20.4

b-Sitosterol (mg/g d.w.) 251.1 195.5

Sitostanol (mg/g d.w.) 84.9 36.8

Total lipid (mg/g d.w.) 35.0 100.4

Fatty acid composition (wt %)

Palmitic acid (16:0) 23.4 10.7

Stearic acid (18:0) 5.7 51.0

Oleic acid (18:1) 9.7 10.3

Linoleic acid (18:2) 43.3 13.5

a-Linolenic acid (18:3) 17.9 14.7

d.w., dry weight
�Mean values with three determinations

Table 2 Growth parameters, organ weight and lipid concentrations
in rat liver and serum�

Control Kakrol Bitter gourd

Initial body weight

(g)

199.4+2.8 199.9+2.3 199.8+2.3

Final body weight

(g)

284.3+3.3 294.1+3.4 281.2+2.2

Food intake (g/d) 20.9+0.0 20.9+0.2 20.8+0.0

Food efficiency 290.6+12.8 323.1+18.1 278.9+12.1

(mg weight gain/g food intake)

Relative tissue weights (g/100 g body weight)
Liver 4.52+0.17ab 4.72+0.12a 4.12+0.06b

Total white

adipose

tissues†

2.86+0.21a 3.02+0.12ab 3.42+0.11b

Liver (mg/g liver)
Cholesterol

Total 3.24+0.34a 1.92+0.09b 2.46+0.11b

Free 1.92+0.19 1.55+0.08 1.67+0.09

Esterified 1.32+0.20a 0.37+0.11b 0.78+0.16ab

Triacylglycerol 47.78+11.72a 20.48+3.43b 19.11+2.37b

Phospholipids 32.79+0.64a 28.92+0.65b 33.17+0.80a

a-Tocopherol

(mg/g liver)

48.27+6.38a 20.35+1.34b 32.27+2.81b

Serum (mg/dL)
Cholesterol

Total 86.1+5.7 78.6+3.1 89.9+5.1

HDL 55.6+4.6 50.7+1.6 57.5+3.8

VLDL þ LDL 30.5+2.9 27.9+1.6 32.4+4.8

Triacylglycerol 213.5+34.7 230.5+26.0 251.9+67.4

Different characters indicate significant difference at P , 0.05
�Mean values with their standard errors for six rats per group
†Total white adipose tissue weight is the sum of epididymal, mesenteric and

perirenal plus retroperitoneal

HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-

density lipoprotein
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diets (Figure 1). In addition, neutral steroid and bile acid
excretions increased in rats fed on the kakrol diet compared
with the control diet.

Lymphatic transport

Before and after the cannulation procedure, no differences
were found in body weight or food intake (4.6+0.5, 4.1+
0.4 and 4.4+ 0.5 g for the control diet, kakrol diet and bitter
gourd diet, respectively). No difference in lymph flow for
seven hours was found among the three groups (11.3+0.5,
10.7+ 0.7 and 11.1+0.7 mL for the control diet, kakrol diet
and bitter gourd diet, respectively). Lymphatic triacylglycerol
transport was markedly inhibited by the kakrol diet com-
pared with the control and bitter gourd diets (Figure 2).
Also, lymphatic phospholipid transport was inhibited by
the kakrol diet. However, cholesterol transport for seven
hours was equal among the three groups (5.56+ 0.22,
4.78+ 0.19 and 5.26+ 0.46 mL for the control diet, kakrol
diet and bitter gourd diet, respectively). We also measured
a-tocopherol level in the pooled lymph for seven hours
(13.43+1.45, 8.26+0.91 and 13.85+0.83 mg/mL of lymph
for the control diet, kakrol diet and bitter gourd diet, respect-
ively). Significant differences were found between the control
diet and the kakrol diet (P , 0.05) and between the kakrol
diet and the bitter gourd diet (P , 0.01).

Pancreatic lipase activity in vitro

The amounts of n-butanol extract from kakrol and bitter
gourd were the same (18.8 and 19.8 g/kg, respectively).

We measured the inhibitory activity of pancreatic lipase
derived from porcine pancreas in vitro. The n-butanol
extract from kakrol powder inhibited lipase activity dose
dependently, but the extract from bitter gourd did not
(Figure 3).

Discussion

In the present study, we evaluated the effects of freeze-dried
dietary kakrol powder on lipid metabolism in rats. Our
results identified several medical properties of kakrol,
including the inhibition of triacylglycerol and phospholipid
intestinal absorption and subsequent reduction of hepatic
triacylglycerol and cholesterol contents in rats. These
effects most likely are the result of the inhibition of pancrea-
tic lipase activity by n-butanol-soluble fractions from the
powder. Moreover, triacylglycerol and phospholipid
absorption was inhibited more effectively by the kakrol
powder than by the bitter gourd powder. However, both
powders lowered the hepatic levels of triacylglycerol and
cholesterol equally well. Generally, when dietary triacylgly-
cerol absorption is inhibited in this manner, plasma triacyl-
glycerol levels in a postprandial state are attenuated. Fasting
plasma triacylglycerol levels are used as a diagnosis cri-
terion of hypertriacylglycerolemia. The fasting levels are
associated with the risk of coronary artery disease
(CAD).28 Patsch et al. investigated the relation of triacylgly-
cerol metabolism in the postprandial state and CAD in the

Figure 1 Fecal fatty acid and fecal steroid excretions in the rats fed on the

control diet (blank bar), kakrol diet (solid bar), and bitter gourd diet (shaded

bar). (a) Fatty acid excretion levels measured by titration. (b) Neutral steroid

and acidic steroid excretion levels determined by gas chromatography.

Values are means+SEM, n ¼ 6. Different characters indicate significant

difference at P , 0.05

Figure 2 Cumulative transports of triacylglycerol (a) and phospholipids (b)

into lymph in rats fed on the control diet (closed rhombus), kakrol diet

(closed square) and bitter gourd diet (blank triangle). Mean values were sig-

nificantly lower in rats fed on the kakrol diet than in rats fed on the control

and bitter gourd diets at three hours after feeding. Values are means+
SEM, n ¼ 6. Different characters indicate significant difference at P , 0.05
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case-control study. The plasma triacylglycerol levels in the
CAD subjects after loading the test diet were significantly
higher than in the control subjects.29 They suggested that
relative higher postprandial triacylglycerol levels lead to
higher fasting plasma triacylglycerol levels. As the lym-
phatic triacylglycerol transport reduces with a subsequent
decrease of plasma postprandial triacylglycerol levels, the
hepatic triacylglycerol accumulation decreases.

Results of the permanent lymph cannulation and fatty
acid excretion measurements in feces showed that the
absorption of triacylglycerol and phospholipids, which are
dietary fatty acid sources, was inhibited more effectively
by kakrol than by bitter gourd. Plant components known
to have the ability to decrease intestinal lipid absorption
are polyphenols, saponins and plant sterols.30,31 Fernandez
et al.32 showed that following lymph cannulation,
1024 mol/L tetrahydrolipstatin as a lipase inhibitor prevents
the transport of fat to thoracic duct chyle. Results showed
that kakrol decreased a-tocopherol absorption in the
lymph and its accumulation in the liver. Reboul et al.33

reported that polyphenols do not affect a-tocopherol
absorption. Hepatic a-tocopherol level is considered a suit-
able marker for triacylglycerol absorption.34 In this study,
the kakrol diet may inhibit absorption of a-tocopherol in
the intestine, but the bitter gourd diet may inhibit accumu-
lation of a-tocopherol in the liver. Thus, the mechanisms for
decreasing a-tocopherol appear to be different between the
two vegetables. In addition, saponin fractions from other
plants, such as chikusetsusaponins,31 have the ability to
inhibit lipase activity. Figure 3 shows that a fraction rich
in saponin n-butanol extract from kakrol powder inhibited
pancreatic lipase activity. Activity per unit as a lipase inhibi-
tor was more efficient in the kakrol extract than in the bitter
gourd extract. We found that kakrol and bitter gourd both
yielded similar amounts of n-butanol extract. Saponin struc-
ture may be related to inhibitory activity,35 and the saponins
in kakrol may be more potent than the saponins in bitter
gourd. The nutrients in kakrol were different from those
in bitter gourd. Specifically, kakrol contained about
one-third of both the chloroform-soluble fraction of the
lipid content and the b-carotene content compared with

bitter gourd. Ascorbic acid content was twice as high in
kakrol as in bitter gourd. However, these differences in
basic nutrients, which comprised only 3% of the powders
in the diets, may be too small to explain the effects in the
study rats. Therefore, saponins may be the main com-
ponents in powdered kakrol flesh that inhibit absorption
of fatty acids. In order to determine the molecular species
of saponins, we used the Liebermann–Burchard colori-
metric assay36 to investigate the n-butanol extracts from
the kakrol and bitter gourd powders; no differences were
found between the coloration and the color optical density
(data not shown). Further studies are needed to identify
the active components in the n-butanol extract from kakrol
using the pancreatic lipase activity assay.

Senanayake et al.2 reported that two of three varieties of
bitter gourd lowered serum and liver triacylglycerol levels
in rats fed a cholesterol-free diet but not serum and liver
cholesterol levels. We used the Powerful-Reishi variety of
bitter gourd, which showed the lowering effect in this
study but not in Senanayake’s report. Liver triacylglycerol
content was 35.8 mg/g liver in Senanayake’s report and
19.11 mg/g liver in our study, despite similarities in diets,
breeding periods and rat strains as well as hepatic triacyl-
glycerol contents in rats fed the control diet. Our study on
bitter gourd has provided more operative data than
Senanayake’s report. Nutritional differences in food
intakes were found between Senanayake’s report and our
studies;2 the differences were approximately 5 or 7 kcal/d
and 98 kcal per two weeks in a feeding period, which
resulted in an increase in calories of approximately 25%.
The reason for this difference may be that we used the
paired-feeding method for all rats to ensure the same
caloric intake. The AIN-76G rodent diet is high in sucrose
(50% by weight). Several investigators found that increasing
dietary fructose intake leads to hypertriglyceridemia under
certain conditions37 and may affect serum triacylglycerol
levels. In fact, serum triacylglycerol levels were around
500 mg/dL in that report and around 200 mg/dL in our
study. Hellerstein38 reported that serum triacylglycerol
level can be changed by dietary calories. Inconsistencies in
the two studies may be the result of differences in harvest
seasons and fruit production areas. As described in the
introduction of this paper, pharmacological and food
chemical industries have conducted more extensive research
on bitter gourd flesh2,39 and seeds40 than on kakrol flesh
and seeds.

Bitter gourd fruits are known to contain several active
components for lipid metabolism: geranylgeraniol, a diter-
pene, which may be a PPARa ligand;10 charantin, a sterol
glycoside, which may have a hypoglycemic effect;9 and
plant sterols, which have a hypocholesterolemic effect. The
main effect of plant sterols on lipid absorption is through
the intestinal absorption of cholesterol via a stage of bile
acid micellization.41 However, plant sterol contents were
lower in both the kakrol and bitter gourd powders than in
the corn oil42 used in the diets. The effects of geranylgera-
niol were investigated using cell cultures;10 geranylgeraniol
acts inside of the body after intestinal absorption. Dietary
bitter gourd powder did not inhibit intestinal absorption
of dietary lipid according to the permanent lymph duct

Figure 3 Effects of n-butanol extract from kakrol and bitter gourd powders

on the activity of pancreatic lipase in vitro (closed square, n-butanol extract

from kakrol powder; blank triangle, n-butanol extract from bitter gourd

powder). Enzyme activity at 0 mg/mL was considered to be 100%. Values

are means+SEM, n ¼ 3
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cannulation data from this study. In summary, the effect of
bitter gourd on liver triglyceride level, as discussed in
Senanayake’s2 report, is through the intestinal absorption
of compounds contained in the powder without the inhi-
bition of lipid absorption. In addition, the bitter gourd
powders changed the hepatic a-tocopherol status as
described above. Sülzle et al.43 reported that the dietary oxi-
dized fats caused an activation of a series of target PPARa
genes with a decrease in hepatic a-tocopherol levels. We
represent a hypothesis that when hepatic triacylglycerol oxi-
dation is promoted by PPARa activation by some ligands
like geranylgeraniol, hepatic a-tocopherol levels may
decrease. Understandably, a-tocopherol in hepatocytes is
an antioxidant. Therefore, the decrease in the hepatic
a-tocopherol involves in disappearance of lipid peroxides.
In order to prove this hypothesis, we should perform an
experiment by means of which hepatic a-tocopherol levels
are measured when PPARa ligands like troglitazone and
geranylgeraniol are administrated to rats.

Cholesterol metabolism was different between rats fed on
kakrol diets and those fed on bitter gourd diets. Based on
the increased excretion of cholesterol into feces, cholesterol
absorption was inhibited by the kakrol diet but not by the
bitter gourd diet. Also, the level of excretion of bile acids
into feces increased in the rats fed the kakrol diet but not
in the rats fed the bitter gourd diet. In the permanent
lymph cannulation experiment, there was no difference in
lymphatic cholesterol transport among the three diets. The
reasons for the diets to not contain cholesterol and the rats
to be fed only a single meal of the diet before lymph was
collected in the lymph cannulation experiment may be ques-
tioned; in addition, because the intake of cholesterol was
low, all cholesterol in the lymph was derived from the bile
or intestinal cells. The amount of cholesterol transported
in lymph was 5 mg for seven hours in this study.
Tomoyori et al.25 reported in a study performed in our lab-
oratory that the transport level of cholesterol in lymph was
around 10 mg under the same operation conditions, time
schedules and food intakes for seven hours in rats fed on
a 0.5% cholesterol diet. Therefore, the kakrol diet promotes
the excretion of cholesterol and bile acid into feces and
decreases liver cholesterol levels. Both diets decreased
cholesterol levels in the liver but not in serum. The differ-
ence of serum cholesterol among the groups may be too
low to be detected. Further experiments to reveal more
effects of both vegetables should be conducted using rats
fed on a diet containing cholesterol to induce hypercholes-
terolemia. Liver cholesterol content also decreased in the
bitter gourd diet compared with the control diet despite
the lack of differences in the neutral sterol content in feces.
This decrease was not observed in Senanayake’s report.
Another study reports that the basic activity of liver X recep-
tor a (LXRa), a nuclear receptor that plays an important role
in the regulation of hepatic lipid metabolism,44 is inhibited
by geranylgeraniol contained in bitter gourd flesh. Thus,
lipid synthesis may be downregulated by the compound.
However, this result may not apply directly to this animal
model. Considering the absorption and behavior in blood
of this compound when taken orally, the compound
should be administered to animals.

Thus, dietary kakrol powder containing components like
saponin(s) prevents the development of fatty liver through
the inhibition of intestinal lipid absorption as a lipase inhibi-
tor in rats. Dietary bitter gourd powder does not inhibit
lipid absorption. Therefore, the prevention of fatty liver
development by dietary bitter gourd powder may be per-
formed in different manners from kakrol powder.
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