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Mice fed with diet containing 0·5 % cholesterol for 10 weeks resulted in cholesterol supersaturation in gallbladder bile which promoted the for-

mation of cholesterol gallstones (CGS). In this study, dietary hypocholesterolaemic spices, garlic and onion (both raw or heat-processed) were

examined for their antilithogenic potential by including at 0·6 and 2·0 % level, respectively, along with lithogenic (LG) diet for 10 weeks. Dietary

garlic and onion reduced the CGS incidence by 15–39 %, the effect being maximum in the heat-processed onion group. Dietary garlic and onion

markedly reduced biliary cholesterol. The cholesterol:phospholipid ratio which was 1·58 in the LG diet group was reduced to 0·73–0·96 in the

garlic and onion groups. The biliary cholesterol saturation index was 0·92, 1·25, 1·09 and 0·86, respectively, in the heat-processed onion, raw

garlic, heat-processed garlic and raw onion groups, while it was 1·9 in the LG group. The hydrophobicity index of bile was 20·08, 20·079,

20·032 and 20·073, respectively, in the heat-processed onion, raw garlic, heat-processed garlic and raw onion groups, while it was þ0·054

in the LG group. Hepatic hydroxymethyl glutaryl-CoA reductase activity was lowered in the LG diet-fed group, while dietary garlic or onion coun-

tered this alteration and also increased the activities of hepatic cholesterol 7a-hydroxylase and sterol 27-hydroxylase. Serum and liver cholesterol

were decreased by feeding garlic or onion compared to the LG diet. Thus, dietary Allium spices exerted antilithogenic influence by decreasing the

cholesterol hyper-secretion into bile and increasing the bile acid output thus decreasing the formation of lithogenic bile in experimental mice.

Cholesterol gallstones: Cholesterol saturation index: Hydrophobicity index: Dietary garlic: Dietary onion

Cholesterol gallstone (CGS) disease is a highly prevalent gas-
troenteronological disorder resulting from alteration in hepatic
and biliary cholesterol homeostasis. CGS disease is a multi-
factorial disease involving both environmental as well as gen-
etic factors(1,2). Gallstones formed in the gallbladder consist of
cholesterol, bilirubin and calcium salts. The majority of gall-
stones are contributed by cholesterol and very small numbers
of gallstones are primarily composed of calcium salts of bilir-
ubin and phosphate. The pathogenic conditions that generally
precede the occurrence of CGS are lithogenic bile, gallbladder
stasis and short nucleation time. Lithogenicity of bile is deter-
mined by relative concentrations of three main components
namely bile acids, phospholipid and cholesterol. Generally,
lithogenic bile occurs with disruption of cholesterol homeo-
stasis, leading to increased cholesterol secretion and sub-
sequent supersaturation of bile with cholesterol(3,4). But the
molecular origins of altered secretion rates of biliary lipids
in human cholesterol cholelithiasis remain unknown. Whether
defects exist in hepatic lipid regulatory enzymes, responsible
for cholesterol and bile acid biosynthesis, is not clear. Biliary
bile acids are excreted through faeces and a major portion of
these bile acids are reabsorbed in the intestine and assimilated
by enterohepatic circulation. The decreased cholesterol

excretion from the body and its increased biosynthesis and
secretion into bile may increase the risk of CGS incidence.

Several dietary components are known to influence CGS.
Diets containing animal protein such as casein favour CGS
formation rather than diets containing soya protein(5). Simi-
larly, animals on diet containing polyunsaturated fat such as
fish oil have a lower incidence of CGS compared to those
on diets with saturated fat(6). It is very well known that dietary
fibre is beneficial in preventing CGS formation(7,8). Very little
information is available on the role of spices in CGS
formation.

Spices are valued for their organoleptic as well as medicinal
properties. Spices or their active principles like capsaicin from
red pepper, curcumin from turmeric, fenugreek, garlic and
onion have been widely documented for their hypocholestero-
laemic as well as lipid-lowering properties(9). Previously, it
has been demonstrated that dietary curcumin (0·5 %) and cap-
saicin (0·015 %) were effective in inhibiting CGS formation
and also in regression of pre-formed CGS in experimental
mice(10,11). Since formation of CGS in the gallbladder is pre-
ceded by supersaturation of bile with cholesterol, these hypo-
cholesterolaemic spices may serve as potential dietary
adjuncts to reduce the incidence of CGS and hence it is
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very relevant to study their effect during lithogenic (LG) diet-
induced CGS. In the present study, the two Allium spices,
garlic and onion, were studied for their antilithogenic activity
in experimental mice. Spices are prone to lose their bioactive
principles during food processing conditions such as cook-
ing(12). In this context, the antilithogenic potential of garlic
and onion was evaluated both in their raw and heat-processed
forms during LG diet-induced CGS formation in mice.

Experimental methods

Materials

Cholesterol, bile salts, dipalmitoyl phosphatidylcholine, boron
trifluoride in methanol, bovine serum albumin, EDTA, hydro-
xymethyl glutaryl (HMG)-CoA, 3a-hydroxy steroid dehydro-
genase, NAD, standard bile acids kit (conjugated and
unconjugated), Tris, triolein, and a-cellulose were purchased
from Sigma Chemical Co. (St Louis, MO, USA). Heparin
and MnCl2 were obtained from SISCO Research Laboratory
(Mumbai, India). Casein was purchased from Nimesh Corpor-
ation (Mumbai, India). All solvents used were of analytical
grade and were distilled prior to use. Freeze-dried garlic and
onion powders were a generous gift from Indo Nissin Food
Ltd (Bangalore, India).

Animal diets

The animals were fed with AIN-76 semi-purified diet. The
basal control diet consisted of: 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 peanut oil, 5 %. LG diet was prepared by supplement-
ing 0·5 % cholesterol and 0·25 % bile salts (1:1 mixture of
sodium cholate and sodium deoxycholate) to the AIN-76
basal diet. The diets were made isoenergetic by varying
sucrose concentration. Various test diets were prepared by
adding garlic powder (0·6 %) or onion powder (2 %) to the
AIN-76 basal diet. The diets were made isocaloric by varying
the sucrose content. Heat processing of garlic and onion was
done by adding the respective freeze-dried powder to the boil-
ing water and boiled for 15 min with constant stirring as prac-
tised normally in Indian cooking and used as heat-processed
spices in these experiments. All these diets were prepared
by mixing the ingredients in a mechanical mixer and pellets
were prepared using a hand-operated pelletizer. Diets were
stored at 48C in air-tight containers.

Animal treatment

Animal experiments were carried out taking appropriate
measures to minimize pain or discomfort in accordance with
the guidelines laid down by the US National Institutes of
Health regarding the care and use of animals for experimental
procedures and with due clearance from the Institutional
Animal Ethics Committee. Four-week-old male albino mice
(108 mice; OUTB/Swiss Albino/IND/CFT (2c)) weighing 22
(SD 2) g were grouped and housed three mice per cage in poly-
propylene cages with sawdust as bedding. Groups of animals
were fed ad libitum with LG diet and various test diets and
had free access to water throughout the experimental period

for 10 weeks. Body weights were recorded at weekly intervals.
At the end, 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. The other organs were quickly excised,
washed with ice-cold saline and blotted dry, weighed and
stored at 2208C till further analysis. Cholecystectomy was
performed and gallbladders were carefully collected. The
volume of bile was noted and the weight of gallbladder
along with stones was recorded. The gallbladders were evalu-
ated for CGS under magnifying lens for the presence of gall-
stones by four individuals unaware of dietary treatments. The
grading of stones was done on a four-point scale(10). The bile
from the gallbladders was pooled and stored at 2208C till
further analysis.

Analysis of lipids

Gallstones were crushed to powder along with the fluid bile.
Such a suspension of crushed stones in the bile was used for
lipid extraction. Biliary lipids were extracted by the method of
Bligh & Dyer(13) and the chloroform phase was used for lipid
analysis. The upper methanolic phase was used for the esti-
mation of total bile acids using 3a-hydroxysteroid dehydrogen-
ase(14). Serum and liver lipids were extracted by the method of
Folch et al. (15). Cholesterol levels were quantitated by the
method of Searcy & Bergquist(16). Phospholipids were measured
by the method of Charles & Stewart(17) using dipalmitoyl phos-
phatidylcholine as reference standard. TAG was estimated by
the method of Fletcher(18). Conjugated and unconjugated bile
acids were quantified according to Rosi et al. (19). The average
hydrophobic and hydrophilic balance of biliary bile salts was
quantified by means of a bile salt monomeric hydrophobicity
index(20). The cholesterol saturation index (CSI) of bile was
calculated according to Carey(21).

Fatty acids were analysed as methyl esters prepared using
boron trifluoride in methanol as described by Morrison &
Smith(22) and analysed by GC (Shimadzu 14B, fitted with free
induction decay) using a fused silica capillary column
(25 m £ 0·25 mm; Parma bond FFAP-DF-0·25; Machery-
Nagel GmbH Co., Duren, Germany). The operating conditions
were: initial column temperature 1608C, injector temperature
2108C and detector temperature 2508C: column temperature
was programmed to rise at 68C per min to the final temperature
of 2408C. Nitrogen gas was used as the carrier. Individual fatty
acids were identified by comparing with retention times of stan-
dards (NU-Check Prep. Inc., Elysian, MN, USA) and were
quantitated by an online choromatopack CR-6A integrator.

Activities of enzymes of cholesterol metabolism

HMG-CoA reductase activity in liver was assayed by following
the formation of CoA(23). Activities of cholesterol 7a-hydroxyl-
ase and sterol 27-hydroxylase in liver were assayed as described
by Petrack & Latario(24). Biliary proteins and protein in liver
were analysed according to Lowry et al. (25).

Statistical analysis

Statistical analysis was carried out using Graph Pad Prism stat-
istical software (Graph Pad Prism, San Diego, CA, USA).
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Results are analysed by one-way ANOVA and the significance
level was calculated using the Tukey–Kramer multiple com-
parison test and results are considered as significant at P,0·01.

Results

Effect of feeding garlic and onion on the incidence of
cholesterol gallstones during experimental induction

Effect of the dietary spices, garlic and onion, on CGS induc-
tion in mice was carried out by feeding LG diet with or with-
out garlic or onion for a period of 10 weeks. Animals fed with
control diet showed no sign of any cholesterol crystal or stone
in the gallbladder, whereas all the animals in LG diet group
showed CGS (Table 1). Animals fed with LG diet sup-
plemented with garlic or onion showed significant reduction
in the incidence of CGS. The percentage incidence of CGS
was calculated by taking the incidence in LG diet as 100 %.
The lowest incidence of CGS (61·2 %) was in the heat-pro-
cessed onion group. Both spices, whether raw or heat-pro-
cessed, were effective in reducing the formation of CGS, the
reduction in CGS in experimental animals ranging from 14·5
to 38·8 %. The gallbladder size and weight were significantly
increased by feeding lithogenc diet and dietary garlic and
onion significantly countered increase in both gallbladder
size and its weight (Table 1).

There were no significant differences in the body weight of
animals between various diet groups at the end of the 10-week
feeding period (Table 2). The liver weight was higher in the
LG diet group. Kidney and heart weights were also increased
significantly upon feeding LG diet and dietary spices coun-
tered this increase in kidney and heart weights.

Effect of feeding garlic and onion on serum lipids during
cholesterol gallstone induction

The serum lipid profile in animals fed garlic or onion during
experimental induction of CGS is presented in Table 3. The
LG diet feeding caused hypercholesterolaemia where serum
cholesterol increased 2·4-fold compared to control animals.
Feeding of garlic or onion along with LG diet prevented the
rise in serum cholesterol levels by 33, 29, 31 and 34 % in

garlic (raw), garlic (heat-processed), onion (raw) and onion
(heat-processed) groups, respectively. The phospholipid con-
tent of serum was significantly reduced by LG diet, whereas
feeding of Allium spices significantly prevented this decrease
in phospholipid content. The TAG content was significantly
higher in the LG group compared to the control group. Feed-
ing of heat-processed onion countered this increase in TAG.
Feeding of LG diet significantly increased the cholesterol:
phospholipid (C/PL) ratio and the Allium spices significantly
reduced the increased C/PL ratio.

Effect of feeding garlic and onion on liver lipids during
cholesterol gallstones induction

Liver lipid profile in animals fed garlic or onion during
experimental CGS induction is given in Table 4. The total
cholesterol content was increased in LG diet group by 2·8-
fold compared to control group. Feeding of Allium spices
along with LG diet significantly countered this increase in
hepatic cholesterol content by 25, 15, 15 and 30 % in
garlic (raw), garlic (heat-processed), onion (raw), and onion
(heat-processed) groups respectively. Hepatic phospholipid
content was decreased in LG diet group compared to control
animals and this reduction was effectively countered in all
spice fed groups. The increased C/PL ratio as a result of
LG diet was brought down significantly by spice feeding.
Feeding of LG diet increased TAG content of liver and
inclusion of spices in the diet significantly countered the
raise in TAG content.

Effect of feeding garlic and onion on biliary lipid profile
during cholesterol gallstones induction

The biliary lipid profile in animals fed Allium spices in
addition to LG diet is given in Table 5. LG diet increased
the cholesterol content of bile by six-fold. Dietary garlic or
onion countered the increase in biliary cholesterol content
significantly. The reduction ranged from 35 to 66 % in various
experimental groups compared to LG diet group. Phospho-
lipids are one of the major constituents of bile, which help
the bile to be physiologically active. Any disturbance or
alteration in the phospholipid and bile acids results in the pre-
cipitation of cholesterol in bile. Phospholipid concentration in
bile was increased in the LG group by 72 % compared to con-
trol. Garlic (raw) and onion (heat-processed) feeding along
with LG diet countered this increase in phospholipid content
by 13 and 26 %, respectively. In the other two experimental
groups (heat-processed garlic and raw onion) there was a mar-
ginal increase in phospholipid content. Bile salts form a major
part of the bile solids. They are synthesized from the parent
molecule cholesterol. The majority of the cholesterol is
excreted from the system after converting into bile acids.
Increase in the bile acid synthesis and excretion in bile
tends to decrease the cholesterol content and lithogenicity of
bile. The bile acid content in the bile remained essentially
unaltered in the LG group and in groups supplemented with
Allium spices.

In order to evaluate the relevance of the bile lipid profile in
CGS formation, the C/PL ratio and cholesterol:bile acid ratio
in bile were calculated (Table 5). The higher ratios of C/PL
and cholesterol:bile acid are the indicators of lithogenic bile

Table 1. Effect of feeding garlic and onion on cholesterol gallstone
(CGS) incidence in mice‡

(Mean values and standard deviations for eighteen mice per group)

Gallbladder
weight (mg) CGS score§

Diet group Mean SD Mean SD CGS incidence (%)

Control 25·5 4·87 0·00 0·0
LG 67·3* 4·38 3·40* 0·80 100·0
LG þ garlic (R) 43·3† 2·53 3·05† 0·84 73·2
LG þ garlic (H) 38·5† 3·55 3·02† 0·71 85·5
LG þ onion (R) 36·9† 3·99 2·33† 1·15 75·2
LG þ onion (H) 30·0† 1·75 1·85† 1·27 61·2

H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.
§ Scoring was done by four individuals and grading was done on a five-point

scale (0–4).
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and it is very important to keep the cholesterol in soluble
form. The effect of feeding garlic and onion on biliary lipids
and biliary CSI during CGS induction in mice is presented
in Table 6. The C/PL ratio was 1·58 in LG diet-fed animals
compared to 0·45 in the control group. The C/PL ratio was
brought down to 0·74, 0·96, 0·84 and 0·73, respectively,
in raw garlic, heat-processed garlic, raw onion and heat-
processed onion diet groups. The cholesterol:bile acid
ratio was 0·15 in LG diet-fed animals compared to 0·03 in
the control group. The cholesterol:bile acid ratio was brought
down to 0·06, 0·10, 0·08 and 0·05, respectively, in raw garlic,
heat-processed garlic, raw onion and heat-processed onion
diet groups.

The mole percentage of various bile acids present in the
gallbladder bile of mice fed LG diet and test diets are given
in Table 6. In the LG diet group, the taurocholic acid (TC)
content was increased compared to the control group. The
hydrophobic bile acids such as taurochenodeoxycholic acid
and taurodeoxycholic acid content were increased and the
hydrophilic bile acids such as tauromuricholic acid (TMC)
and tauroursodeoxycholic acid were decreased in the LG
diet-fed group. On the other hand, feeding Allium spices coun-
tered the decrease in the content of the hydrophilic bile acids
tauromuricholic acid and tauroursodeoxycholic acid and the

increase in hydrophobic bile acids taurochenodeoxycholic
acid and taurodeoxycholic acid brought about by LG diet.

The hydrophobicity index is the net sum of hydrophobic
and hydrophilic bile acids present in the bile. The hydrophobi-
city index was 20·145 in the bile of control rats and it was
increased to þ0·054 in the bile of the LG diet group. Feeding
of garlic (raw and heat-processed) or onion (raw or heat-
processed) along with LG diet decreased the hydrophobicity
index of bile to 20·079, 20·032, 20·073 and 20·088,
respectively (Table 7). The CSI of the bile is a measure of
supersaturation of bile with cholesterol. It was significantly
higher in the LG group (1·90 compared to 0·51 in control)
and feeding of Allium spices brought down CSI by 55, 43,
34 and 52 %, respectively, in raw garlic, heat-processed
garlic, raw onion and heat-processed onion diet groups
(Table 7).

Biliary fatty acid composition which reflects the type of
fatty acids present in the biliary phospholipids is given in
Table 8. Oleic acid was significantly decreased whereas palmi-
tic and linoleic acids were increased in the LG group com-
pared to controls. Dietary onion (either heat-processed or
raw) and garlic (heat-processed) appeared to counter the
decrease in oleic acid content by 10, 18 and 20 %, respect-
ively, compared to the LG diet group.

Table 2. Effect of feeding garlic and onion on body and organ weights in mice‡

(Mean values and standard deviations for eighteen mice per group)

Body (g) Liver (g) Kidney (mg) Heart (mg) Spleen (mg)

Diet group Mean SD Mean SD Mean SD Mean SD Mean SD

Control 41·4 5·82 1·61 0·39 411·8 8·57 136·0 3·82 105·7 8·27
LG 46·9* 3·03 2·90* 0·19 518·7* 17·6 158·5* 6·27 106·9 4·94
LG þ garlic (R) 41·7 1·56 2·62 0·19 427·2† 5·04 136·5† 3·67 100·0 3·55
LG þ garlic (H) 43·0 3·77 2·74 0·19 401·8† 4·31 149·3 1·46 105·0 4·48
LG þ onion (R) 39·5 3·52 2·54 0·30 338·9† 5·85 122·1† 3·99 91·7 4·18
LG þ onion (H) 43·3 1·93 2·55 0·14 384·8† 2·30 142·9† 1·98 96·1 1·56

H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.

Table 3. Effect of feeding garlic and onion on serum lipid profile during cholesterol gallstone
induction in mice‡

(Mean values and standard deviations for six samples per group, three mice per sample)

Total choles-
terol (mg/l)

Phospholipid
(mg/l) TAG (mg/l) C/PL

Diet group Mean SD Mean SD Mean SD Mean SD

Control 1855 231 3155 142 1495 919 0·58 0·07
LG 4539* 320 1605* 151 1854* 113 2·84* 0·29
LG þ garlic (R) 3048† 281 2840† 136 1720 93·9 1·07† 0·11
LG þ garlic (H) 3234† 178 2799† 148 1772 69·5 1·80† 0·17
LG þ onion (R) 3143† 178 2118† 134 1737 67·4 1·48† 0·12
LG þ onion (H) 2988† 194 2870† 186 1659† 106 1·04† 0·08

C/PL, cholesterol:phospholipid ratio; H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.
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Effect of feeding garlic and onion on enzymes of cholesterol
metabolism during cholesterol gallstone induction

Activities of hepatic HMG-CoA reductase, the key regulat-
ory enzyme involved in the biosynthesis of cholesterol and
cholesterol 7a-hydroxylase, the regulatory enzyme in the
bile acid biosynthesis in experimental mice during CGS
induction, are presented in Table 9. Feeding of LG diet
reduced the hepatic HMG-CoA reductase activity signifi-
cantly. This decrease in enzyme activity was countered
by dietary garlic and onion to an extent of 92, 44, 61
and 35 %, respectively, in onion (heat-processed and raw)
and garlic (heat-processed and raw) diet groups compared
to the LG group. Activities of cholesterol 7a-hydroxylase
and sterol 27-hydroxylase were inhibited significantly by
LG diet compared to the control group. Feeding of
Allium spices along with LG diet enhanced the activity
of both enzymes. Cholesterol 7a-hydroxylase activity was
increased by 59, 25, 18 and 37 % in onion (heat-processed
and raw) and garlic (heat-processed and raw) groups,
respectively, compared to the LG group. Similarly, sterol
27-hydroxylase activity was increased in onion (heat-pro-
cessed and raw) and garlic (heat-processed and raw) diet
groups by 87, 54, 42 and 80 %, respectively, when com-
pared to the LG group.

Discussion

The present investigation used the well-studied mouse model
for the induction of CGS by feeding high-cholesterol
diet(26). Optimal duration of feeding this LG diet for maximal
CGS induction was found to be 10 weeks. Few common spices
or their active principles have been shown to reduce biliary
cholesterol and at the same time increase the bile acid concen-
tration and water content in the bile(27 – 30). The net result of
these effects would be dilution of bile. Dilute biles are under-
stood to prolong cholesterol nucleation times(31). Previously,
curcumin (colouring principle of turmeric) and capsaicin (pun-
gent principle of red pepper) have been shown to prevent
CGS formation in mice during experimental induction of
the same(10,11).

Allium spices, garlic and onion, have been known to possess
health beneficial hypolipidaemic, hypocholesterolaemic and
hydrocholagoguic influences(9). The objective of the present
study was therefore to evaluate the influence of garlic and
onion on LG diet-induced CGS formation. Cooking or roast-
ing alters the nature of many food constituents such as
starches and proteins by changing their physical, chemical
and nutritional properties. It also changes the bioavailability
of proteins, carbohydrates, lipids and vitamins. It has been
reported that boiling of spice mixes with food ingredients

Table 4. Effect of feeding garlic and onion on liver lipid profile during cholesterol gallstone induc-
tion in mice‡

(Mean values and standard deviations for six samples per group, three mice per sample)

Total choles-
terol (mg/g)

Phospholipid
(mg/g) TAG (mg/g) C/PL

Groups Mean SD Mean SD Mean SD Mean SD

Control 8·63 1·51 42·7 2·29 27·0 4·01 0·20 0·04
LG 21·3* 2·07 30·6* 2·66 53·7* 2·72 0·69* 0·15
LG þ garlic (R) 16·0† 2·07 39·2† 2·10 43·5† 2·84 0·41† 0·10
LG þ garlic (H) 18·1† 1·15 34·7† 2·65 47·5† 2·15 0·52† 0·14
LG þ onion (R) 18·0† 2·04 33·1† 2·04 46·3† 1·72 0·54† 0·09
LG þ onion (H) 14·9† 2·40 42·7† 2·69 34·8† 3·19 0·34† 0·07

C/PL, cholesterol:phospholipid ratio; H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.

Table 5. Effect feeding of garlic and onion on biliary lipids during cholesterol gallstone induction in mice‡

(Mean values and standard deviations for six samples per group, three mice per sample)

Biliary lipids (mM)

Cholesterol Phospholipid Bile acids Total lipid (g/l)

Diet group Mean SD Mean SD Mean SD Mean SD C/PL C/BA

Control 5·56 0·65 12·3 1·79 216·4 25·1 109 12·9 0·45 0·03
LG 33·5* 3·30 21·2* 3·24 228·0 15·2 114 9·5 1·58* 0·15*
LG þ garlic (R) 13·7† 2·98 18·5 3·84 218·5 19·2 111 12·4 0·74† 0·06†
LG þ garlic (H) 21·7† 4·01 22·5 3·60 219·2 15·9 112 11·8 0·96† 0·10†
LG þ onion (R) 17·0† 3·60 20·2 3·95 215·3 20·5 110 11·7 0·84† 0·08†
LG þ onion (H) 11·5† 1·95 15·7† 3·13 222·6 19·8 113 8·4 0·73† 0·05†

C/BA, cholesterol:bile acid ratio; C/PL, cholesterol:phospholipid ratio; H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.
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results in the loss of active principles of common spices
during domestic cooking(12). The present study also evaluated
the effect of heat-treatment of the test spices on their antilitho-
genic potential. Earlier studies in our laboratory with rats have
indicated that 2 % dietary onion or 0·5 % dietary garlic powder
produced significant increase in bile volume and in the
secretion of biliary bile acids presumably due to higher rate
of conversion from cholesterol(29,30). Such a situation would
contribute to decreasing the CSI in the bile. These dietary
doses of the two Allium spices were hence examined in the
present study for an antilithogenic influence during high
cholesterol feeding in experimental mice. These doses of
garlic and onion roughly correspond to five times what is
generally consumed by the population in India(32).

Feeding of LG diet significantly increased liver weight due
to high cholesterol deposition and higher TAG content. Feed-
ing of garlic and onion partially countered this increase in
liver weights obviously by correcting the alterations in the
hepatic lipid profile. Feeding of LG diet to mice caused
secretion of more cholesterol molecules into bile leading to
the formation of lithogenic bile. LG diet feeding for 10
weeks consistently induced CGS formation in all animals.
Inclusion of raw/heat-processed garlic or onion in the diet

significantly reduced the incidence of CGS. The pathophysio-
logical conditions that might be responsible for the cholesterol
crystallization and gallstone formation is increased cholesterol
content and decreased bile acids and phospholipids in bile.
It has been reported that mice susceptible to gallstones secrete
more cholesterol into bile at canalicular membrane level lead-
ing to the formation of lithogenic bile(33). This leads to higher
CSI resulting in the nucleation of cholesterol leading to the
formation of CGS. The LG diet feeding in the present study
increased the hepatic cholesterol, a significant part of which
is secreted into bile.

The supersaturation of bile with cholesterol (CSI .1) leads
to the formation of CGS(34). The CSI in the spice-fed groups is
,1 indicating that the cholesterol content of bile is low and
bile acid and phospholipid contents are more compared to
the LG diet-fed group. The inclusion of Allium spices in the
diet reduced the incidence of CGS formation and is evident
where the CSI ,1. The CSI in spice-fed animals was much
lower than that of the LG group which means that the bile
of these animals has the capacity to solubilize more choles-
terol due to higher bile acid and phospholipid concentration
present in it relative to cholesterol concentration. The present
results also indicated that CGS is present in mice even when
the CSI ,1 and the effect of these spices is only partial.
It has been shown that CSI being .1 is a prerequisite for
the precipitation of cholesterol and subsequent stone formation
but it is not always true as in some cases CGS were observed
when CSI ,1. This is because there may be several other fac-
tors that are responsible for the formation of CGS. Cholesterol
secretion into bile is tightly coupled to phospholipid and bile
acid secretion(35).

Biliary cholesterol/phospholipid secretion rates are con-
sidered to be closely linked to bile acid secretion rates and
enhanced by higher bile acids in bile. The C/PL ratio of bile indi-
cates the C/PL ratio of the vesicles whose secretion is induced
by bile acids at the canaliculus(33). In the present study, LG
diet feeding significantly increased C/PL ratio which paralleled
the elevated CSI in bile. In contrast, animals maintained on
spice diets showed a significant decrease in C/PL and CSI com-
pared to the LG diet group. This shows that LG diet-fed mice
secrete more cholesterol into bile at the canalicular membrane
level which is a major factor leading to the formation of litho-
genic bile. The present results are also in agreement with Hoff-
mann & Grundy(36) who observed that there was a high C/PL

Table 6. Effect of feeding garlic and onion on biliary bile salt profile (mole fraction) during cholesterol gallstone induction in mice‡

(Mean values and standard deviations for six samples per group, three mice per sample)

TMC TUDC TC TCDC TDC GC

Diet group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Control 0·24 0·07 0·021 0·005 0·59 0·06 0·048 0·009 0·056 0·005 0·020 0·005
LG 0·05* 0·01 0·008* 0·002 0·73* 0·08 0·040* 0·012 0·135* 0·029 0·020* 0·009
LG þ garlic (R) 0·19† 0·02 0·015† 0·005 0·63† 0·05 0·045† 0·01 0·091† 0·022 0·020† 0·003
LG þ garlic (H) 0·15† 0·02 0·013† 0·003 0·65† 0·09 0·045† 0·006 0·111† 0·009 0·022† 0·002
LG þ onion (R) 0·19† 0·03 0·013† 0·003 0·62† 0·11 0·041† 0·012 0·104† 0·013 0·021† 0·009
LG þ onion (H) 0·21† 0·03 0·015† 0·005 0·59† 0·12 0·038† 0·013 0·115† 0·014 0·018† 0·007

GC, glycocholic acid; H, heat-processed; LG, lithogenic; R, raw; TC, taurocholic acid; TCDC, taurochenodexoycholic acid; TDC, taurodeoxycholic acid; TMC, tauromuricholic
acid; TUDC, tauroursodexoycholic acid.

Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.

Table 7. Effect of dietary garlic and onion on cholesterol sat-
uration index (CSI) and hydrophobicity index (HI) of bile
during cholesterol gallstone induction in mice‡

(Mean values and standard deviations for six samples per
group, three mice per sample)

CSI HI

Diet group Mean SD Mean SD

Control 0·51 0·07 20·145 0·015
LG 1·90* 0·25 þ0·054* 0·012
LG þ garlic (R) 0·92† 0·13 20·079† 0·013
LG þ garlic (H) 1·25† 0·13 20·032† 0·002
LG þ onion (R) 1·09† 0·13 20·073† 0·008
LG þ onion (H) 0·86† 0·16 20·088† 0·021

H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control

group: *P,0·01.
Mean values were significantly different from those of the LG group:

†P,0·01.
‡ For details of diets and procedures, see Experimental methods.
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ratio in the bile of CGS patients. This suggests that in CGS
patients as well as in mice nascent phospholipid vesicles at
the canalicular level may be enriched with cholesterol and the
test spices prevented this enrichment.

The C/PL ratio and cholesterol:bile acids ratio were signifi-
cantly increased upon feeding LG diet due to increased choles-
terol in bile. Dietary garlic or onion reduced these ratios
significantly compared to the LG diet group. Bile acids pro-
vide primary stimulus for bile flow and facilitate the secretion
of lipids into bile(37,38). Biliary secretion of phospholipids is
dependent on the bile acids. During bile formation, bile
acids stimulate secretion of phospholipids from hepato-
cytes(39). Increased secretion of cholesterol is related to phos-
pholipids with more hydrophobic molecular species of
phospholipids in the bile(35). Compared to the control group,
the total bile acid content of bile in the LG group was
increased slightly whereas the cholesterol content increased
five-fold. On the other hand, feeding of spices significantly
decreased the biliary cholesterol and increased the bile
acids, though making the bile slightly more hydrophilic. Phos-
pholipid content was also increased relatively compared to
cholesterol in the LG group and in spice-fed animals. The
C/PL ratio was significantly increased in th LG group,
which was countered by feeding spices. Increases in the bile

acids, bile flow and phospholipids help in solubilization of
cholesterol in mixed micelles and vesicles, the major carriers
of cholesterol in bile. This stabilized the bile and increased the
solubilization of cholesterol and prolonged the cholesterol
nucleation time. It has been shown that due to concentration
of bile in the gallbladder by absorption of water, elevation
of biliary vesicular C/PL ratio occurs leading to vesicular
aggregation, which precedes nucleation(31). As the bile gets
concentrated in the gallbladder, the vesicles become rich in
cholesterol, resulting in an increased C/PL ratio in vesicles.
With this increased ratio, the vesicles become unstable and
tend to nucleate cholesterol(40).

The hepatobiliary pathway is the major route for the
removal of cholesterol from the body either after converting
into bile acids or in the form of free cholesterol. Dietary
cholesterol inhibits hepatic cholesterol synthesis, which in
turn impairs bile acid synthesis. These three factors lead to
supersaturation of bile with cholesterol (CSI .1). Bile with
higher CSI (.1) is prone to cholesterol crystal nucleation.
Hence biliary lipid secretion plays an important role in choles-
terol homeostasis.

Bile acids are natural detergents that solubilize lipids in the
intestinal tract and in bile. The relative balance of hydrophilic
and hydrophobic bile acids in the bile depends upon their state

Table 8. Effect of dietary garlic and onion on fatty acid composition of biliary phospholipids (% total fatty acids) during cholesterol gallstone
induction in mice‡

(Mean values and standard deviations for six samples per group, three mice per sample)

16 : 0 16 : 1 18 : 0 18 : 1 18 : 2 20 : 4

Diet group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Control 16·9 1·12 5·33 0·21 3·72 0·18 62·3 2·31 7·51 0·54 4·09 0·21
LG 25·3* 1·89 7·50* 1·05 3·38 0·14 47·2* 3·21 10·3* 1·32 4·04 0·21
LG þ garlic (R) 25·9 2·31 7·68 1·56 3·46 0·23 48·3 3·13 10·5 0·89 4·14 0·32
LG þ garlic (H) 21·3 3·11 3·00† 0·53 1·84† 0·14 56·5† 4·16 9·24 0·98 8·08† 0·65
LG þ onion (R) 20·1† 1·19 2·84† 0·14 5·45† 0·34 56·0† 4·16 9·69 1·21 5·90 0·65
LG þ onion (H) 22·1 2·01 3·21† 0·31 4·86 3·21 52·1† 3·16 8·78 1·65 8·90† 0·31

H, heat-processed; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.

Table 9. Effect of feeding garlic and onion on hepatic cholesterol-metabolizing enzymes in mice‡

(Mean values and standard deviations for five samples per group, three mice per sample)

HMG-CoA reductase
(nmol CoA formed/-
min per mg protein)

Cholesterol
7a-hydroxylase (pmol
7a-hydroxycholesterol

formed/min
per mg protein)

Sterol 27-hydroxylase
(pmol 27-hydroxy

cholesterol
formed/min

per mg protein)

Diet group Mean SD Mean SD Mean SD

Control 67·4 4·38 14·6 1·96 48·9 5·11
LG 28·6* 4·31 3·86* 0·73 16·4* 2·13
LG þ garlic (R) 38·7† 2·81 5·30† 1·20 29·4† 3·18
LG þ garlic (H) 46·2† 5·63 4·56† 0·81 23·3† 4·73
LG þ onion (R) 41·3† 2·98 4·82† 1·12 25·2† 3·88
LG þ onion (H) 54·9† 6·78 6·14† 0·64 30·6† 2·98

H, heat-processed; HMG, hydroxymethyl glutaryl; LG, lithogenic; R, raw.
Mean values were significantly different from those of the control group: *P,0·01.
Mean values were significantly different from those of the LG group: †P,0·01.
‡ For details of diets and procedures, see Experimental methods.
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of ionization, number, position and orientation of hydroxyl
groups, and by the presence and nature of ring or side-chain
esters. The bile acids taurocholic acid, tauromuricholic acid
and tauroursodeoxycholate acid are termed hydrophilic bile
salts. Taurochenodeoxycholic acid and taurodeoxycholic acid
are termed hydrophobic bile acids. Feeding of garlic or
onion significantly increased the hydrophilic bile acids such
as taurocholic acid, tauromuricholic acid and tauroursodeoxy-
cholate acid. Earlier it has been reported that increased content
of biliary deoxycholic acid in CGS patients or increased
deoxycholic acid content in bile promotes rapid cholesterol
crystallization and formation of CGS. In fact, it was demon-
strated that deoxycholic acid is highly hydrophobic and was
associated with human cholelithiasis(41). The hydrophobicity
of bile acids plays an important role in gallstone formation.
It is suggested that glycine-conjugated bile acids are more
hydrophobic which are lithogenic in nature, while taurine con-
jugates have opposite effects. It is understood that bile acids
are conjugated more with taurine in rodents when the supply
of taurine is sufficient, while glycine-conjugated bile salts
are produced when taurine is deficient(42). The fatty acid com-
position of phospholipid exhibited significant influence on CSI
in monkeys and man, with a particular negative relationship
with linoleic acid(43). In the present study, linoleic acid and
oleic acid content were increased by feeding spices as
compared to the LG diet.

Biosynthesis of cholesterol is regulated by HMG-CoA
reductase activity, whereas its biodegradation to bile acids
in hepatocytes is carried by cholesterol 7a-hydroxylase and
sterol 27-hydroxylase(44). Hepatic HMG-CoA reductase
activity was diminished by LG diet due to negative feedback
inhibition. Feeding Allium spices could restore this altered
activity significantly. The possible explanation for this can
be that cholesterol synthesized by de novo process might be
preferred over the exogenous cholesterol for conversion into
bile acids and for further excretion in bile. Similarly, choles-
terol 7a-hydroxylase and sterol 27-hydroxylase activity were
inhibited by feeding LG diet, while garlic and onion countered
this decreased enzyme activity significantly. Earlier, we have
reported that cholesterol 7a-hydroxylase activity in rats was
increased by feeding spices(45). It has been evidenced earlier
that in exercising the hypocholesterolaemic effect, garlic
does not influence the intestinal absorption of cholesterol,
and it is also documented that dietary garlic does not cause
higher faecal excretion of cholesterol or bile acids(46).

The increase in serum and liver cholesterol levels was
reflected in the increased CSI in bile and CGS occurrence in
LG diet-fed animals. Feeding garlic or onion significantly
brought down the cholesterol content in serum and liver and it
was evident in the lowered CSI values and decreased CGS
occurrence. The increased C/PL ratios in serum and liver
were reflected in the higher CSI and CGS occurrence. The
spice diets significantly brought down this ratio, which was
reflected in the lower CSI and CGS occurrence. The lowered
levels of cholesterol may be the combined result of decreased
synthesis (as reflected in decreased HMG-CoA reductase
activity) and increased conversion to bile acids (as reflected in
increased cholesterol 7a-hydroxylase and sterol 27-hydroxyl-
ase activity). The sulphur compounds, alliin and allicin of
garlic, and propenyl sulphides present in onion, are presumably
responsible for the hypocholesterolaemic influences of the

parent spices(9). The antilithogenicity of garlic and onion is
attributable primarily to this hypocholesterolaemic influence
produced by these bioactive sulphur compounds.

The present study clearly demonstrated that feeding of
garlic and onion inhibited the formation of CGS in mice
during experimental induction by decreasing the cholesterol
content in serum, liver and bile. This is also reflected in the
lowering of CSI in the bile of these mice. The present study
also showed that heat processing of these Allium spices does
not significantly compromise the antilithogenic influence,
and in fact heat-processed onion was even more effective
than its raw form in alleviating the incidence of CGS in
mice. The dietary dosage of garlic and onion evaluated here
which is roughly five times what is normally consumed can
probably be tolerated to derive this health benefit. Although
a combination of phenotypic expression of genetic traits
predisposes to stone formation, the higher prevalence of
CGS disease in the USA, Chile and Europe (Sweden,
Germany and Austria) relative to Asian and African countries
and the very high prevalence in ethnic groups such as Amer-
ican Indians and Chilean Mapuche Indians could probably be
mitigated by the liberal consumption of these Allium spices.
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