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Dietary fenugreek and onion attenuate cholesterol gallstone
formation in lithogenic diet–fed mice
Raghunatha R. L. Reddy and Krishnapura Srinivasan
Department of Biochemistry and Nutrition, Central Food Technological Research Institute, CSIR, Mysore, India

Cholesterol gallstone (CGS) pathogenesis is a primary disor-

der arising out of altered hepatic and biliary cholesterol

homeostasis. Gallstones are formed in the gallbladder because

of precipitation of cholesterol, bilirubin and calcium salts in

bile. The majority of gallstones are contributed by choles-

terol, and a small number of gallstones are primarily com-

posed of calcium salts of bilirubin and phosphate. Pathologic

conditions that generally precede the occurrence of CGS are

lithogenic bile, gallbladder stasis and short nucleation time.

Lithogenicity of bile is determined by relative concentration

of three main components viz., bile acids (BA), phospholipids

and cholesterol. Generally, lithogenic bile occurs with alter-

ation of cholesterol homeostasis, leading to increased choles-

terol secretion and subsequent supersaturation of cholesterol

in bile (Marzolo et al. 1990; Apstein & Carey 1996). Gall-

bladder stasis increases the opportunity for concentration of

supersaturated bile in the gallbladder to form gallstones. It is

well known that cholesterol supersaturation in bile is the first

step in the onset of CGSs. The onset of CGS is associated

with various physicochemical disturbances in bile, which

include excess secretion of cholesterol and reduced secretion

of BAs by the liver into bile and increased absorption of

water from the gallbladder thus creating a hydrophobic envi-

ronment. These series of events lead to supersaturation of bile

with cholesterol, a prerequisite for CGS formation (Von

Erpecum & Von Berge-Henegouwen 1989).

Several animal studies have evaluated the role of dietary

components in preventing CGS. It has been shown that die-
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Summary

An animal study was conducted to evaluate the antilithogenic effect of a combina-

tion of dietary fenugreek seeds and onion. Lithogenic conditions were induced in

mice by feeding them a high (0.5%) cholesterol diet (HCD) for 10 weeks. Fenugreek

(12%) and onion (2%) were included individually and in combination in this HCD.

Fenugreek, onion and their combination reduced the incidence of cholesterol gall-

stones by 75%, 27% and 76%, respectively, with attendant reduction in total cho-

lesterol content by 38–42%, 50–72% and 61–80% in serum, liver and bile

respectively. Consequently, the cholesterol ⁄ phospholipid ratio was reduced signifi-

cantly in serum, liver and bile. The cholesterol saturation index of bile was reduced

from 4.14 to 1.38 by the combination of fenugreek and onion and to 2.33 by onion

alone. The phospholipid and bile acid contents of the bile were also increased.

Changes in the hepatic enzyme activities (3-hydroxy-3-methylglutaryl Coenzyme A

reductase, cholesterol-7a-hydroxylase and cholesterol-27-hydroxylase) induced by

HCD were countered by fenugreek, onion and their combination. Hepatic lipid per-

oxides were reduced by 19–22% and 39–45% with fenugreek, onion and their com-

bination included in the diet along with the HCD. Increased accumulation of fat in

the liver and inflammation of the gallbladder membrane produced by HCD were

reduced by fenugreek, onion and their combination. The antilithogenic influence was

highest with fenugreek alone, and the presence of onion along with it did not further

increase this effect. There was also no additive effect of the two spices in the recov-

ery of antioxidant molecules or in the antioxidant enzyme activities.
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tary proteins, carbohydrates, fibre and fat play a role in the

induction of CGSs (Thornton et al. 1983; Ebihara & Kiriy-

ama 1985; Mott et al. 1992). A few instances of dietary fac-

tors playing a role in the regression or amelioration of

already existing CGS are also reported. Spices such as garlic,

onion, fenugreek, red pepper and turmeric have been docu-

mented to be effective as hypocholesterolemic agents under

conditions of experimentally induced hypercholesterolemia

and hyperlipidemia (Srinivasan et al. 2004). It has been

shown that curcumin of turmeric, capsaicin of red pepper,

onion and garlic reduced the incidence of CGSs in mice

when included in the diet (Hussain & Chandrasekhara 1992;

Vidyashankar et al. 2009). Dietary fenugreek seeds were also

found to exert antilithogenic effect by reducing the incidence

of CGS formation (Reddy & Srinivasan 2009a). Dietary

spice bioactive compounds (Hussain & Chandrasekhara

1994), Allium spices (Vidyashankar et al. 2010) and fenu-

greek seeds (Reddy & Srinivasan 2009b) have also been evi-

denced to regress preformed CGSs in experimental mice

when included in the diet after CGS induction.

Spices are an integral part of Indian diet, and they are

included in the diet to enhance the sensory quality of food.

As Allium spices (onion and garlic) and fenugreek have

already been reported to have an antilithogenic influence

individually, and these spices are generally consumed in com-

bination as spice mix, it would be interesting to evaluate the

combination of such spices for a beneficial effect on health.

Hence evaluated this study the antilithogenic influence of two

hypocholesterolemic spices, fenugreek seed and onion when

consumed together for a possible additive or synergistic

effect. These two test spices were included in the mice diet

both individually at the doses that are previously observed to

produce biological effect and in combination during the

induction of CGS by high-cholesterol diet (HCD) feeding.

Materials and methods

Chemicals

Cholesterol, dipalmitoyl phosphatidyl choline, triolein, hepa-

rin, ammonium thiosulphate, ferrous chloride, BAs, 3a-hy-

droxysteroid dehydrogenase, isocitrate dehydrogenase,

glucose-6-phosphate dehydrogenase, cholesterol oxidase, thi-

obarbutric acid, tetramethoxy propane (TMP), t-butyl

hydroperoxide, triethanolamine hydrochloride, tris-(hydrox-

ymethyl)aminomethane, chlorodinitrobenzene (CDNB), nico-

tinamide adenine dinucleotide (NAD), nicotinamide adenine

dinucleotide phosphate (NADP), reduced nicotinamide ade-

nine dinucleotide phosphate (NADPH), glucose-6-phosphate,

dithiothreitol, sodium arsenite, coenzyme-A, 3-hydroxy-3-

methylglutaryl Coenzyme A (HMG-CoA), 7b-hydroxycho-

lesterol, Triton X-100, commassie brilliant blue, hydrazine

hydrate, sodium metaperiodate, bovine serum albumin

(BSA), ethylene diamine tetraacetic acid (EDTA) and 4-(2-

hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES)

were purchased from Sigma-Aldrich (St. Louis, CA, USA).

All other chemicals and solvents used were of analytical

grade. Edible grade casein was procured from Nimesh Cor-

poration (Mumbai, India). AIN-76 mineral mix was from SI-

SCO Research Labs (Mumbai, India). All vitamins, DL-

methionine and choline chloride were from Himedia (Mum-

bai, India). Cane sugar, fenugreek seeds, maize starch,

refined groundnut oil and onion were purchased from the

local market. Sugar and fenugreek were powdered. Onions

were shredded and dehydrated in a freeze-dryer.

Animal treatment

Animal experiments were approved by the Institutional Ani-

mal Ethics Committee. Six-week-old male albino mice

[OUTB ⁄ Swiss Albino ⁄ Ind ⁄ Cft(2c)] produced in our Experi-

mental Animal Production Facility weighing 27 ± 1.0 g were

grouped and housed in polypropylene cages with four to five

mice per cage and maintained in a room at 22 ± 2 �C, with

relative humidity of about 60 ± 5% and having regular 12 h

cycle of day and night. The animals had free access to food

and water. Animal weights were recorded every week

throughout the duration of treatments.

Animals were divided into five diet intervention groups

(18 mice each) and fed ad libitum AIN-76 pelleted custom-

made diets. The five diet groups were the following: basal

diet, lithogenic diet, test diet 1, test diet 2 and test diet 3.

Basal AIN-76 semipurified diet consisted of the following:

sucrose, 65%; casein, 20%; cellulose, 5%; AIN-76 mineral

mix, 3.5%; AIN-76 vitamin mix, 1%; DL-methionine,

0.3%; choline chloride, 0.2%; and refined groundnut oil,

5% (Vidyashankar et al. 2009). Lithogenic diet was pre-

pared by supplementing 0.5% cholesterol and 0.125% bile

salts (1:1 mixture of sodium cholate and sodium deoxycho-

late) to the AIN-76 basal diet substituting same quantity of

sucrose. The three test diets were prepared by incorporating

the following into lithogenic diet at the expense of sucrose:

(i) fenugreek seed powder (12%) (test diet 1), (ii) onion

powder (2%) (test diet 2) and (iii) fenugreek powder (12%)

and onion powder (2%) (test diet 3). These diets were pre-

pared by mixing the ingredients in a mechanical mixer and

pelletizing using hand-operated pelletizer. Diets were stored

at 4 �C in airtight containers.

Collection of gallbladder and scoring of CGS

At the end of the feeding regimen, the animals were fasted

overnight and killed under ether anaesthesia. Blood was

drawn immediately by cardiac puncture, and the serum was

separated by centrifugation for further analysis. Cholecystec-

tomy was performed, and gallbladders were carefully col-

lected and trimmed off any extraneous tissue. Liver was

quickly excised, washed with ice-cold saline and blotted dry,

weighed and stored at )20 �C till further analysis. The

weight of gallbladder along with stones was measured. The

gallbladders were placed on an illuminator screen under

magnifying lens to evaluate the presence ⁄ absence of CGS

and their size. The grading of stones was performed on a

five-point scale (Akiyoshi et al. 1986). The volume of bile
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was noted, and the bile from gallbladders was appropriately

pooled and stored at )20 �C till further analysis.

Lipid profile

Serum and liver lipids were extracted according to Folch

et al. (1957). Biliary lipids were extracted by the method of

Bligh and Dyer (1959). The upper methanolic phase was

used for the estimation of total BAs using 3a-hydroxysteroid

dehydrogenase (Turley & Dietschy 1970). The lower chloro-

form layer was used for the analysis of cholesterol and phos-

pholipid. Cholesterol levels were quantified by the method

of Searcy and Bergquist (1960). The HDL cholesterol and

non-HDL (LDL + VLDL) cholesterol in serum were esti-

mated by adapting the protocol given by Warnick and

Albers (1978). HDL cholesterol in the supernatant was also

estimated with the same method. The HDL2 and HDL3

fractions were estimated as described by Hirano et al.

(2008). Phospholipids were measured by ferrous ammonium

thiocyanate method using di-palmitoyl phosphatidyl choline

as reference standard as described by Stewart (1980). Trigly-

cerides were estimated according to the method described by

Fletcher (1968), using triolein as standard. Cholesterol satu-

ration index (CSI) of the bile was calculated using the cho-

lesterol, phospholipids, total lipids and BAs values in bile

(both relative and total lipid concentrations) as described by

Carey (1978).

Reactive oxygen species (ROS), lipid peroxides (LPO)
and antioxidant molecules in liver

Thiobarbituric acid reactive substances in the liver homoge-

nate were measured fluorimetrically after extraction with

butanol and were compared with the standard TMP as

described by Ohkawa et al. (1979). Reactive oxygen species

was estimated in the liver homogenate as described by Dri-

ver et al. (2000). Total thiols in liver homogenates were

measured as described by Sedlak and Lindsay (1968). Gluta-

thione was estimated according to the protocol described by

Beutler et al. (1963). Ascorbic acid was determined accord-

ing to the method described by Omaye et al. (1973).

Antioxidant enzymes in serum and liver

Catalase activity was assayed by following the rate of

decomposition of hydrogen peroxide as described by Aebi

(1984). Glutathione reductase activity was assayed by mea-

suring the oxidation of NADPH by oxidized glutathione

according to Carlberg and Mannervik (1985). Glutathione-

S-transferase activity was measured as described by War-

holm et al. (1985) using CDNB and by measuring the

CDNB–glutathione complex formed. Glutathione peroxidase

activity was measured as described by Flohe and Gunzler

(1984). Superoxide dismutase (SOD) activity was measured

by quantifying the inhibition of cytochrome-C reduction in

xanthine–xanthine oxidase system as described by Flohe and

Otting (1984).

Liver function enzymes in serum

The activities of alanine aminotransferase (ALAT), aspartate

aminotransferase (ASAT), lactate dehydrogenase (LDH) and

alkaline phosphatase (ALP) were assayed using standard com-

mercial test kits (Span Diagnostics, Surat, India) and were

expressed as Units ⁄ l. Liver protein was analysed according to

Lowry et al. (1951) using BSA as standard protein.

Activities of enzymes of cholesterol metabolism

3-hydroxy-3-methylglutaryl Coenzyme A reductase activity

in liver was assayed by following the formation of CoA as

described by Hulcher and Oleson (1973). Activities of cho-

lesterol-7a-hydroxylase and sterol-27-hydroxylase in liver

were assayed as described by Petrack and Latario (1993)

and Li et al. (2006) using HPLC system (Shimadzu – Model

LC 10AVP; Shimadzu Corporation, Kyoto, Japan) equipped

with a PDA detector.

Microscopic observation of cholesterol gallstones and
histopathological evaluation

Selected CGS from each diet group were taken and observed

under the scanning electron microscope (LEO – 435VP), in

order to study the size and the crystal surface. Sections of

fresh liver and gallbladder were taken for microscopic exam-

ination of liver histopathological changes and for the evalua-

tion of gallbladder wall inflammation degree using light

microscope (Leitz Laborlux POL, Wetzlar, Germany).

Statistical analysis

Statistical analysis was carried out using graphpad prism sta-

tistical software. Results were analysed by one-way anova,

and the significance level was calculated using Tukey Kra-

mer multiple comparison test; results were considered signifi-

cant at P < 0.05.

Results

Effect of dietary fenugreek seeds, onion and their
combination on high-cholesterol diet-induced CGS
incidence

Table 1 summarizes data on food intake, body weight, liver

weight and gallbladder weights in the five diet groups. There

was no difference in body weights and food intake between

the groups, except for a higher food intake in HCD + O

group. There was a significant difference in the liver and

gallbladder weights as a result of addition of spices individu-

ally as well as in combination. The increases in liver and

gallbladder weights produced by HCD were significantly

countered by dietary fenugreek as well as dietary onion. This

effect on liver weight was higher in the combination of fenu-

greek and onion as compared to the individual spices. In

fact, the reduction in liver weight in HCD + F + O was
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29% compared with HCD + F (26%) and HCD + O

(12.5%). The reduction in gallbladder weights were 56%,

53% and 56% respectively.

The incidence of HCD-induced CGS in each diet group is

reported in Figures 1 and 2. There was a significant

decrease in the incidence of CGS in all diet groups, the per

cent incidence being 25% in HCD + F, 73% in HCD + O

and 23.8% in HCD + F + O, as compared with 100% in

HCD.

The HCD group had a gallstone size of about 1 mm,

while others had gallstones of comparatively smaller size

(Figure 3). The morphological observation of gallstones

showed the presence of flakes with clear cut edges only in

the HCD group (Figure 3).

Effect of dietary fenugreek, onion and their combination
on serum lipids during CGS induction

The serum lipid profile of animals fed spices during the

induction of CGS is presented in Table 2. Feeding of HCD

caused hypercholesterolemia where there was an increase in

serum cholesterol concentration (300.5 mg ⁄ dl), which was

1.8-fold compared with basal control (168.3 mg ⁄ dl). Addi-

tion of fenugreek, onion and their combination to HCD sig-

nificantly prevented the increase in serum cholesterol

concentration. The decrease in serum total cholesterol

brought about in HCD + F + O was 42.2% compared with

38.3% in HCD + F and 39.6% in HCD + O. The decreases

in the LDL cholesterol concentration among the treatments

were similar, viz., 46% in HCD + O, 44% in HCD + F and

41% in HCD + F + O. Fenugreek and onion addition to

HCD did not affect the total HDL content when compared
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Figure 1 Effect of dietary fenugreek and onion combination on
the incidence cholesterol gallstone (both incidence and extent of
reduction) in mice maintained under lithogenic condition. HCD,
high-cholesterol diet; F, fenugreek; O, onion.
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(c) (d) (e)

(b)

Figure 2 Incidence of cholesterol gall-
stone in different animal groups. (a)
Basal control, (b) high-cholesterol diet
(HCD), (c) HCD + F, (d) HCD + O, (e)
HCD + F + O.

Table 1 Effect of dietary fenugreek and onion combination on animal weight, food intake, liver and gallbladder weight in HCD-fed
mice

Animal group

Initial animal

weight (g)

Final animal

weight (g)

Food intake

(g ⁄ day ⁄ mice)

Gallbladder

weight (mg)

Liver weight (per

100 g body weight)

Basal control 26.9 ± 0.06 38.6 ± 0.75 4.62 ± 0.03 17.5 ± 2.8* 3.58 ± 0.08�

HCD 26.9 ± 0.06 38.3 ± 0.78 4.49 ± 0.12 39.4 ± 0.7 6.40 ± 0.14

HCD + F 26.9 ± 0.06 36.1 ± 0.44 4.95 ± 0.12 18.4 ± 1.26� 4.75 ± 0.14�

HCD + O 27.0 ± 0.10 37.6 ± 0.74 5.06 ± 0.17* 29.2 ± 2.1* 5.60 ± 0.12�

HCD + F + O 27.0 ± 0.15 39.0 ± 0.92 4.98 ± 0.12 17.4 ± 3.0� 4.54 ± 0.06�

HCD, high-cholesterol diet; F, fenugreek; O, onion.
Values are mean ± SEM of 18 animals in each group.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.
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with HCD group. At the same time, dietary fenugreek and

onion decreased the HDL3 fraction by 40–80% with propor-

tionate increase in the HDL2 (15–22%) fraction. The

decrease in serum phospholipids brought about by HCD

feeding was significantly countered by inclusion of fenu-

greek, onion or their combination in the diet, the extent of

reversal being highest in case of combination spices. Serum

phospholipid content was 40.6% higher in HCD + F + O,

while it was 18.7% and 12.3% higher in HCD + F and

HCD + O, respectively, as compared with HCD group.

Serum triglyceride content was decreased by 15–20% in all

the three test groups, as compared with HCD group.

Effect of dietary fenugreek, onion and their combination
on hepatic lipid profile during CGS induction

Table 3 summarizes liver lipid profiles of the test groups

during CGS induction. Hepatic cholesterol content was sig-

nificantly reduced with the addition of fenugreek, onion or

their combination to HCD diet. The extent of decrease in

hepatic cholesterol brought about in HCD + F + O was

72%, while it was 70.5% in HCD + F and 50% in HCD +

O. The decrease in hepatic phospholipid content was signif-

icantly reversed in HCD + F (26%) and HCD + F + O

(32%). Triglyceride content of the liver was significantly

(a) (b ) (c)

(a) (b) (c)

Figure 3 Scanning electron microscopic
photographs of gallstones and gallstone
surface crystals in different dietary
groups. Top row: Gallstones (WD = 12
nm): (a) high-cholesterol diet (HCD)
(·250), (b) HCD + F (·500), (c) HCD +
O (·100); Bottom row: Gallstone sur-
face crystals (WD = 12 nm): (a) HCD
(·1680), (b) HCD + F (·5000), (c)
HCD + O (·2000).

Table 2 Effect of dietary fenugreek and onion combination on serum lipid profile in HCD-fed mice

Animal group

Cholesterol (mg ⁄ dl)

Phospholipids

(mg ⁄ dl)

Triglycerides

(mg ⁄ dl) C:P ratioTotal LDL Total HDL HDL2 HDL3

Basal control 168.3 ± 4.5� 122.4 ± 4.6� 48.7 ± 4.2 33.3 ± 3.4� 15.3 ± 1.7� 343.7 ± 18.7� 143.3 ± 5.6� 0.49 ± 0.02�

HCD 300.5 ± 12.6 263.9 ± 12.8 52.5 ± 3.1 43.6 ± 2.7 5.76 ± 0.6 220.4 ± 10.6 197.6 ± 4.2 1.32 ± 0.08
HCD + F 185.4 ± 7.3� 147.9 ± 11.5� 45.3 ± 3.9 36.8 ± 3.9 8.48 ± 1.6 261.6 ± 11.9� 158.3 ± 4.6� 0.71 ± 0.04�

HCD + O 181.5 ± 4.2� 140.5 ± 5.6� 44.5 ± 3.0 34.0 ± 3.2* 10.5 ± 1.1* 247.4 ± 10.8� 168.9 ± 6.2� 0.75 ± 0.05�

HCD + F + O 173.7 ± 7.0� 157.3 ± 16.3* 46.9 ± 1.9 37.7 ± 1.6 9.18 ± 0.5� 309.8 ± 12.0� 161.9 ± 9.2� 0.62 ± 0.06�

HCD, high-cholesterol diet; F, fenugreek; O, onion; C:P ratio, cholesterol:phospholipid ratio.

Values are mean ± SEM of six samples, each sample being pooled from three animals.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.

Table 3 Influence of fenugreek and onion combination on liver lipid profile in HCD-fed mice

Animal group

Cholesterol

(mg ⁄ g)

Phospholipids

(mg ⁄ g)

Triglycerides

(mg ⁄ g)

Total lipids

(mg ⁄ g) C:P ratio

Basal control 5.17 ± 0.16� 24.3 ± 0.68� 40.8 ± 3.2� 75.1 ± 2.50� 0.22 ± 0.01�

HCD 50.6 ± 1.60 17.0 ± 1.11 112.4 ± 2.8 243.8 ± 12.9 2.81 ± 0.24
HCD + F 14.8 ± 0.90� 21.4 ± 0.89� 68.0 ± 6.9� 105.7 ± 6.24� 0.69 ± 0.04�

HCD + O 25.1 ± 0.71� 17.4 ± 0.48 100.1 ± 3.2* 205.9 ± 9.16� 1.50 ± 0.06�

HCD + F + O 14.2 ± 1.23� 22.4 ± 0.80� 51.7 ± 5.0� 94.4 ± 6.57� 0.64 ± 0.06�

HCD, high-cholesterol diet; F, fenugreek; O, onion; C:P ratio, cholesterol:phospholipid ratio.

Values are mean ± SEM of six samples, each sample being pooled from three animals.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.
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reduced with the dietary incorporation of fenugreek, onion

and fenugreek + onion, the reduction being 39.5%, 10%

and 54.0% respectively. Thus, the combination of fenugreek

and onion produced greater reduction than the individual

spices. Total lipids in the liver were reduced by 56.6%, 16%

and 61.3%, respectively, in HCD + F, HCD + O and

HCD + F + O treatments, when compared with HCD group.

Cholesterol ⁄ phospholipid (C ⁄ P) ratio was decreased to 0.69

(HCD + F), 1.5 (HCD + O) and 0.64 (HCD + F + O), while

it was 2.81 in case of HCD.

Effect of dietary fenugreek, onion and their combination
on biliary lipid profile during CGS induction

Biliary lipid profile of the test groups is tabulated in the

Table 4. Biliary cholesterol, total lipids, C ⁄ P ratio, choles-

terol ⁄ BA (C:BA) ratio and CSI decreased significantly with

dietary incorporation of fenugreek, onion and fenu-

greek + onion into HCD diet compared with HCD, as a

result of improved content of total BAs and decreased cho-

lesterol concentration. A decrease of 78%, 61% and 81% in

cholesterol content 66.5%, 43.7% and 67% in CSI value

was noticed with the addition of fenugreek, onion and their

combination to HCD respectively. There was a significant

favourable effect on BA content with the incorporation of

fenugreek, onion and their combination. Bile acid levels

were increased by 12%, 27% and 12% in HCD + F, HCD +

O and HCD + F + O, respectively, as compared with HCD

group. The C ⁄ P and C ⁄ BA ratios, which were elevated by
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Figure 4 Effect of dietary fenugreek and onion combination on
the activity of hepatic 3-hydroxy-3-methylglutaryl Coenzyme A
reductase in mice under lithogenic diet. HCD, high-cholesterol
diet; F, fenugreek; O, onion. *Statistically significant compared
with HCD group (P < 0.05).
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Figure 5 Effect of dietary fenugreek and onion combination on
the activity of cholesterol 7a-hyderoxylase (a) and sterol 27a-
hyderoxylase (b) in the liver of mice under lithogenic diet.
HCD, high-cholesterol diet; F, fenugreek; O, onion.*Statistically
significant compared with HCD group (P < 0.05).

Table 4 Influence of fenugreek and onion combination on biliary lipid profile in mice fed HCD

Animal group

Cholesterol

(mM)

Phospholipids

(mM)

Bile acids

(mM)

Total lipids

(g ⁄ dl) CSI

Cholesterol:

phospholipid

ratio

Cholesterol:bile

acid ratio

Basal control 7.88 ± 0.44� 16.9 ± 0.47� 165.6 ± 1.43� 8.69 ± 0.45� 0.91 ± 0.03� 0.47 ± 0.03� 0.045 ± 0.003�

HCD 59.6 ± 0.62 29.8 ± 0.41 162.4 ± 2.18 11.7 ± 0.21 4.14 ± 0.02 2.00 ± 0.02 0.365 ± 0.004

HCD + F 13.2 ± 0.37� 23.0 ± 0.40� 182.3 ± 4.10* 10.7 ± 0.20 1.39 ± 0.37� 0.57 ± 0.02� 0.073 ± 0.003�

HCD + O 23.0 ± 0.48� 19.6 ± 0.14� 206.7 ± 3.50� 11.3 ± 0.25 2.33 ± 0.06� 1.17 ± 0.03� 0.111 ± 0.003�

HCD + F + O 11.5 ± 0.37� 17.4 ± 0.68� 182.8 ± 2.98* 10.3 ± 0.40* 1.37 ± 0.04� 0.67 ± 0.02� 0.063 ± 0.002�

HCD, high-cholesterol diet; F, fenugreek; O, onion; CSI, cholesterol saturation index.
Values are mean ± SEM of six samples, each sample being pooled from three animals.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.
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HCD, were significantly countered by the incorporation of

fenugreek, onion or their combination into the HCD. The

decreases in C ⁄ P ratio were 71.5%, 41.5% and 66.5%,

while the decreases in C ⁄ BA ratio were 80%, 70% and

83%, in HCD + F, HCD + O and HCD + F + O groups,

respectively, as compared with HCD group.

Effect of dietary fenugreek, onion and their combination
on hepatic cholesterol metabolizing enzymes during CGS
induction

The activity of hepatic HMG-CoA reductase in different test

groups of animals is presented in Figure 4, while the activi-

ties of hepatic cholesterol 7a-hydroxylase (CYP7A) and ste-

rol 27a-hydroxylase (CYP27A) are shown in Figure 5. With

the addition of fenugreek, onion or their combination to

HCD, there was a significant increase in the activity of all

these three enzymes involved in cholesterol metabolism. The

activity of HMG-CoA was threefold higher in HCD + F

group, while it was 1.2-fold higher in HCD + O group, as

compared with HCD group. The activity of hepatic CYP7A

was increased by 17%, 12% and 11.5% in HCD + F,

HCD + O and HCD + F + O respectively. The activity of

CYP27A was increased by 41.8%, 21.7% and 22% in

HCD + F, HCD + O and HCD + F + O, respectively, as

compared with HCD group.

Effect of dietary fenugreek, onion and their combination
on serum antioxidant enzymes during CGS induction

The activity of antioxidant enzymes in the serum of various

treatment groups is given in Table 5. There was an improve-

Table 5 Effect of dietary fenugreek and onion combination on the activity of serum antioxidant enzymes in HCD-fed mice

Animal group

Catalase

(mmol ⁄ min ⁄ ml)

Glutathione-S-

transferase

(mmol ⁄ min ⁄ ml)

Glutathione

reductase

(mmol ⁄ min ⁄ dl)

Glutathione

peroxidase\

(mmol ⁄ min ⁄ dl)

Superoxide

dismutase

(Units ⁄ ml)

Lipid peroxides

(mmol MDA

per mg protein)

Basal control 0.35 ± 0.03* 4.38 ± 0.35 2.24 ± 0.22* 23.2 ± 0.78 0.42 ± 0.04 171.6 ± 5.5�

HCD 0.48 ± 0.04 3.76 ± 0.22 1.66 ± 0.12 20.9 ± 0.31 0.45 ± 0.04 220.0 ± 8.4

HCD + F 0.38 ± 0.03 4.66 ± 0.27* 1.86 ± 0.15 23.8 ± 0.89 0.37 ± 0.04 169.9 ± 8.3�

HCD + O 0.44 ± 0.03 4.66 ± 0.21* 1.85 ± 0.15 22.7 ± 0.95 0.50 ± 0.05 145.9 ± 5.2�

HCD + F + O 0.38 ± 0.04 4.48 ± 0.30* 2.16 ± 0.16* 23.2 ± 0.92 0.46 ± 0.03 167.7 ± 5.7�

HCD, high-cholesterol diet; F, fenugreek; O, onion.
Values are mean ± SEM of six samples, each sample being pooled from three animals.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.

Table 6 Influence of fenugreek and
onion combination on antioxidant
molecules in the liver of HCD-fed mice

Animal group

ROS

(mmol MDA

⁄ mg protein)

LPO (lmol

MDA

⁄ mg protein)

Glutathione

(nmol ⁄ mg

protein)

Total thiols

(nmol ⁄ mg

protein)

Ascorbic acid

(lg ⁄ mg

protein)

Basal control 0.55 ± 0.06� 166.3 ± 22.9� 53.4 ± 3.0� 0.36 ± 0.02� 9.26 ± 0.58�

HCD 1.20 ± 0.09 264.9 ± 13.1 30.2 ± 1.9 0.28 ± 0.01 7.35 ± 0.25

HCD + F 0.67 ± 0.04� 212.3 ± 10.5� 43.3 ± 3.0* 0.48 ± 0.01� 8.91 ± 0.32�

HCD + O 0.73 ± 0.02� 207.2 ± 10.9� 50.2 ± 3.7� 0.41 ± 0.01� 9.08 ± 0.28�

HCD + F + O 0.66 ± 0.08� 214.5 ± 10.6� 49.3 ± 2.2� 0.45 ± 0.01� 8.78 ± 0.21�

HCD, high-cholesterol diet; F, fenugreek; O, onion; LPO, lipid peroxides; ROS, reactive oxy-
gen species.

Values are mean ± SEM of six samples, each sample being pooled from three animals.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.

Table 7 Effect of dietary fenugreek and
onion combination on the activity of
liver antioxidant enzymes in HCD-fed
mice

Animal group

Catalase

(mmol ⁄ min ⁄
mg protein)

Glutathione-S-

transferase

(lmol ⁄ min ⁄ mg

protein)

Glutathione

reductase

(lmol ⁄ min ⁄
mg protein)

Glutathione

peroxidase

(lmol ⁄ min ⁄
mg protein)

Superoxide

dismutase

(Units ⁄ min ⁄
mg protein)

Basal control 121.4 ± 6.04 0.15 ± 0.02 25.9 ± 2.64 2.04 ± 0.20 11.6 ± 0.4*
HCD 132.9 ± 9.07 0.11 ± 0.01 18.3 ± 1.18 1.67 ± 0.12 14.1 ± 0.4

HCD + F 114.5 ± 8.31 0.18 ± 0.03* 22.9 ± 0.78 1.90 ± 0.21 12.8 ± 0.9

HCD + O 114.6 ± 7.46 0.13 ± 0.01 25.4 ± 1.64� 2.52 ± 0.17* 13.1 ± 0.9

HCD + F + O 116.6 ± 5.85 0.16 ± 0.01* 24.2 ± 1.93� 2.74 ± 0.16� 13.2 ± 0.5

HCD, high-cholesterol diet; F, fenugreek; O, onion.

Values are mean ± SEM of six samples, each sample being pooled from three animals.

Statistically significant compared with HCD group; *P < 0.05; �P < 0.01.
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ment in the activity of glutathione-S-transferase by 24%,

24% and 19%, respectively, compared with HCD, while the

activity of glutathione reductase was improved by 34% in

HCD + F + O. No significant changes were detected for the

other enzymes. There was also a significant reduction in

lipid peroxide levels with the addition of spices to HCD,

which was 23–33.7% in the spice incorporated groups.

Effect of dietary fenugreek, onion and their combination
on hepatic antioxidant molecules, antioxidant enzymes
and lipid peroxides during CGS induction

The levels of antioxidant molecules glutathione and ascorbic

acid, LPO, ROS in the liver of different test groups are

reported in Table 6. There was a significant increase in total

thiols, glutathione and ascorbic acid content, which was

accompanied by a significant decrease in the ROS and LPO

with incorporation of fenugreek, onion and combination

into HCD. The decrease in ROS brought about by dietary

spices ranged from 39% to 45%, and the decrease in LPO

was from 19% to 22%. There was a favourable increase of

43–66% in glutathione content, 46–71% in total thiols and

19–23.5% in ascorbic acid content, but there was no addi-

tive effect when fenugreek and onion were incorporated

together in HCD.

Activities of hepatic antioxidant enzymes in various treat-

ment groups are presented in Table 7. There was a favour-

able effect on the activity of these enzymes by the inclusion

of fenugreek, onion or their combination into HCD. The

activity of hepatic glutathione-S-transferase was increased by

64% and 45% in HCD + F and HCD + F + O, respectively,

when compared with HCD group. The activity of hepatic

glutathione reductase was increased by 39% and 32% by

dietary onion and combination of fenugreek and onion

respectively. The activity of glutathione peroxidase was

increased by 51% and 64% by dietary onion and combina-

tion of fenugreek and onion respectively. Incorporation of

fenugreek, onion and fenugreek + onion into HCD did not

affect the activities of catalase and SOD in liver.

Effect of dietary fenugreek, onion and their combination
on liver enzymes during CGS induction

There was a significant decrease in the activities of liver

enzymes in the serum of animal groups with the addition of

fenugreek, onion or their combination to HCD (Table 8).

The combination of the two spices with HCD did not have

any additive effect when compared to the individual effects

of fenugreek and onion alone. Alanine aminotransferase

(1a) (1a)

(2a) (2b)

(3a) (3b)

(4a) (4b)

(5a) (5b)

Figure 6 Effect of dietary fenugreek and onion combination on
(a) liver histology and (b) gallbladder histology in mice main-
tained on lithogenic diet. 1. Basal control, 2. High-cholesterol
diet (HCD), 3. HCD + F, 4. HCD + O, 5. HCD + F + O.

Table 8 Effect of dietary fenugreek and
onion combination on the activity of
serum aminotransferases and ALP in
HCD-fed mice

Animal group ALAT ASAT LDH ALP

Basal control 18.2 ± 0.97� 53.4 ± 2.48� 1333.7 ± 64.0� 53.2 ± 3.9�

HCD 50.2 ± 1.39 95.8 ± 4.04 2157.1 ± 51.9 122.8 ± 4.8
HCD + F 22.8 ± 1.71� 55.3 ± 2.95� 1424.7 ± 81.3� 83.0 ± 6.4�

HCD + O 28.7 ± 1.09� 63.8 ± 4.12� 1506.8 ± 61.8� 82.0 ± 9.0�

HCD + F + O 20.0 ± 1.18� 52.9 ± 8.91� 1362.6 ± 30.5� 75.3 ± 2.5�

HCD, high-cholesterol diet; F, fenugreek; O, onion; ALAT, alanine aminotransferase;

ALP, alkaline phosphatase; ASAT, aspartate aminotransferase; LDH, lactate dehydrogenase.

Values are expressed as Units ⁄ l and are mean ± SEM of six samples, each sample being
pooled from three animals.

Statistically significant compared with HCD group; �P < 0.01.
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activity was decreased by 54.7%, 42.9% and 60.1% in

HCD + F, HCD + O and HCD + F + O groups compared

with HCD group. Similarly, ASAT was decreased by 42.3%,

33.4% and 44.8%, in the respective groups when compared

with HCD. With the incorporation of fenugreek, onion or

their combination, the activity of LDH was decreased by

34%, 30% and 36.8%, while that of ALP was decreased by

32.4%, 33.3% and 38.7%, respectively, when compared

with HCD.

Effect of dietary fenugreek, onion and their combination
on the histopathological changes in liver and gallbladder
during induction of CGS

The morphological variations in the histology of liver and

gallbladder are shown in Figure 6. Feeding of HCD caused

fat accumulation in the liver, which was significantly

reduced with the addition of fenugreek, onion or their com-

bination to HCD, while there was no fat cell in the basal

control group. Gallbladder membrane morphological obser-

vation revealed that there is an increased inflammation in

the HCD group, while the incorporation of fenugreek,

onion or their combination into HCD could have a positive

effect in the reduction of inflammation degree of gallbladder

wall.

Discussion

In the present study, feeding of HCD for 10 weeks induced

CGS in mice. Inclusion of fenugreek, onion or a combina-

tion of these along with HCD significantly lowered the inci-

dence of CGS. Addition of fenugreek, onion or their

combination to HCD had a significant hypocholesterolemic

effect. In particular, these spices reduced serum concentra-

tion of LDL cholesterol, which is primarily responsible for

the reduction in cholesterol ⁄ phospholipid ratio in serum.

There was a significant decrease in liver weight with the

incorporation of spices into HCD during CGS induction,

which was a result of lowered lipid content in the hepatic

tissue. There was also a significant reduction in hepatic cho-

lesterol and triglyceride and an increase in hepatic phospho-

lipids, thus resulting in beneficial lowering of

cholesterol ⁄ phospholipid ratio in the liver. Many studies

have reported hypocholesterolemic influence of various die-

tary components like fibre (Anderson et al. 1992; Jenkins

et al. 1993) and spices — Red pepper, turmeric, fenugreek,

onion and garlic have been used in several animal models

(Srinivasan et al. 2004); particularly fenugreek seeds (Reddy

& Srinivasan 2009a,b) and onion in mice (Vidyashankar

et al. 2009).

Diets supplemented with cholesterol have shown to pro-

duce lithogenic bile and gallstones in experimental animals

including prairie dogs, squirrel monkeys and hamsters (Den-

Besten et al. 1974; Pearlman et al. 1979), rats and mice

(Hussain & Chandrasekhara 1992, 1994; Vidyashankar

et al. 2009, 2010). Continuous feeding of HCD increased

cholesterol content and hence elevated the cholesterol ⁄ phos-

pholipid ratio, cholesterol ⁄ BAs ratio and CSI in bile, which

eventually resulted in cholesterol crystallization. Supplemen-

tation of fenugreek, onion or their combination resisted

these changes, thus ameliorating cholesterol crystallization in

gallbladder. Feeding Allium spices, especially onion, signifi-

cantly reduced serum cholesterol, especially LDL cholesterol,

with parallel reduction in liver cholesterol, along with a sig-

nificant increase in the phospholipid content (Vidyashankar

et al. 2009). Our results indicated an improvement in the

HDL3 levels with the inclusion of fenugreek ⁄ onion ⁄ their

combination in the diet. A positive relation between total

cholesterol, LDL cholesterol and CGS has been reported

(Halldestam et al. 2009). Acalovschi (2001) has reported

that plasma total HDL or HDL3 cholesterol is inversely

related to gallstone formation and suggested that HDL could

have a protective role against CGS.

Sowmaa and Rajyalakshmi (1999) have reported that

feeding diet containing fenugreek resulted in reduced level of

total cholesterol with simultaneous reduction in LDL choles-

terol. Among various mechanisms of hypocholesterolemic

effect of fenugreek, is the increased excretion of BAs and

neutral steroids through faeces. Dietary fenugreek stimulates

the conversion of cholesterol to BAs (Bhat et al. 1985) and

inhibits intestinal uptake of cholesterol and BAs (Oakenfull

& Sidhu 1990; Sauvaire et al. 1991). Crude saponin fraction

of fenugreek has been found to reduce serum cholesterol in

rats (Sharma 1986a,b). Feeding of the diet containing fenu-

greek significantly decreased plasma cholesterol, without

affecting triglyceride levels. It is believed that large mixed

micelles containing bile salts are formed and these large mol-

ecules are less efficiently absorbed because of the formation

of the physical barrier (Trowell 1975; Sidhu & Oakenfull

1986).

Feeding of the diet enriched with cholesterol markedly ele-

vated the lithogenic index of bile. Decrease in the lithogenic

index with incorporation of fenugreek into HCD reflects a

favourable effect: reduced precipitation of cholesterol in bile.

Similar results envisaging significant reduction in biliary cho-

lesterol, cholesterol ⁄ phospholipid ratio and CSI of the bile

and a higher bile flow have been reported for curcumin and

capsaicin (Hussain & Chandrasekhara 1992, 1994), onion

and garlic (Vidyashankar et al. 2009, 2010) and fenugreek

(Reddy & Srinivasan 2009a,b).

Administration of spice active principles stimulated bile

formation in liver and also increased BA secretion into bile.

Antilithogenic effect of fibre is mainly attributed to its influ-

ence on the intestinal transit and reduction in secondary BAs

(Marcus & Wheaton 1986a,b; Cuevas et al. 2004). Fibre

also acts as a physical barrier for absorption (Sidhu & Oa-

kenfull 1986). Supplementation of fibre into lithogenic diet

inhibits cholesterol stone formation by reducing biliary cho-

lesterol saturation (Schwesinger et al. 1999).

Addition of fenugreek, onion or their combination into

HCD had a significant countering effect on transaminase

enzymes and ALP in serum during the induction of CGS,

suggesting their hepatoprotective influence. Besides, there is

also a significant antioxidant effect in both serum and liver
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with the addition of fenugreek, onion or their combination.

These spices improved the concentration of antioxidant mol-

ecules and enhanced the activity of antioxidant enzymes.

Ravikumar and Anuradha (1999) have reported that supple-

mentation of fenugreek in diet lowers lipid peroxidation.

The activity of hepatic HMG-CoA reductase, CYP7A and

CYP27A increased with the addition of fenugreek, onion

and their combination to HCD compared with HCD alone,

thus countering the effect of HCD. Increased activity of cho-

lesterol metabolizing enzymes: CYP7A and CYP27A have a

role in cholesterol excretion and hence influence cholesterol

levels. Increased activity of HMG-CoA reductase by inclu-

sion of these specific spices in the diet is an adaptive

response, where the suppressed enzyme activity during high-

cholesterol feeding (feedback since no need for de novo syn-

thesis) is countered because of accelerated excretion rate.

Feeding of HCD continuously shattered the feedback mecha-

nism and affected the balance by depositing more and more

cholesterol in solution than its carrying capacity (Carey

1989). The turn around effect was observed with the incor-

poration of fenugreek, onion and combination of these into

HCD. The overall impairment of BA absorption results in

the up-regulation of cholesterol-7a-hydroxylase with a con-

sequent increasing in BA synthesis (Matheson et al. 1995).

Histopathological observation of liver and gallbladder

showed that feeding of HCD increased fat accumulation in

liver and inflammation of the gallbladder membrane. These

effects of fat accumulation in liver and inflammation were

reduced with the addition of fenugreek, onion and their

combination into HCD. Similar observation has been made

by Rege and Prystowsky (1998), who have reported that

feeding a lithogenic diet developed cholesterol crystals and

gallstones at 2 and 6 weeks. Mucus layer was progressively

increased during this period, and the inflammation is an

early and necessary event in the formation of gallstones in

bile. Histopathological observation revealed that feeding of

lithogenic diet to gallstone susceptible mice (C57L) progres-

sively increased the gallbladder wall thickness. In contrast,

AKR mice that are resistant to gallstones displayed no or

mild increase in gallbladder thickness. Both strains accumu-

lated subepithelial inflammatory cells and oedema, which

was highly significant in C57L mice. These findings suggest

that during the formation of CGS, gallbladder undergoes

progressive changes that ultimately result in increased

oedema and decreased motility. Similar results have been

reported in prairie dogs, where the inflammation was an

essential event of CGS cholelithogenesis. In our study, fenu-

greek, onion and their combination showed a beneficial

effect by reducing the accumulation of fat in the liver and

reducing the inflammation of gallbladder membrane.

Thus, incorporation of fenugreek (12%), onion (2%) and

their combination into HCD significantly reduced the inci-

dence of CGS during a 10-week feeding trial. The antilitho-

genic influence was associated with a significant reduction in

serum LDL cholesterol and cholesterol ⁄ phospholipid ratio.

Incorporation of fenugreek and onion either singly or in

combination beneficially moderated the CSI in bile, which

was a result of reduction in cholesterol and also an increase

in BA concentration in bile. These spices individually or in

combination effectively reduced the accumulation of fat in

the liver and also reduced the inflammation caused by feed-

ing of HCD. Apart from this antilithogenic influence, addi-

tion of fenugreek, onion or their combination had a

beneficial antioxidant and hepatoprotective effect under lith-

ogenic condition. The results of this investigation suggested

that the antilithogenic influence was maximum with fenu-

greek alone and the presence of onion along with it did not

bring about any further increase in this health effect. Gener-

ally, there was no additive effect with respect to either he-

patoprotective influence or the antioxidant molecules and

the activity of antioxidant enzymes.
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