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Preventive Effects of Bovine Gallstone on Murine Colon Neoplasia: 
Room for Improvement? 
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Abstract
Bovine gallstone (BGS) has been suggested to be used in the treatment of many diseases including neoplastic maladies in traditional medicine. 
Thus, this study aimed at evaluating the possible protective effects of BGS in mice colon tumor models. In the experiment, 8-week-old 30 male 
BALB/c mice weighing 25-30 g were randomly allocated into the control group (n=6), tumor group ((n=6; tumor induced by 1,2- dimethylhydra-
zine? [DMH]), BGS>DMH group (n=6; BGS given before DMH challenge), BGS//DMH group (n=6; simultaneous administration of BGS and 
DMH) and DMH>BGS group (n=6; tumor induced by DMH then BGS given). The colonic tumor was induced by weekly subcutaneous injection 
of DMH at a 20 mg/kg/mouse dose for consecutive 11 weeks. BGS preparations were given to mice cyclically. Atypical cryptic foci formation in 
the colon was examined by histopathological staining. The lowest rate of colon tumor was noted in BGS>DMH group where BGS was given prior 
to tumor challenge. In addition, simultaneous administration of DMH and BGS to mice inhibited tumor formation and development more sig-
nificantly than those in other groups (except for BGS>DMH group). It was concluded that BGS significantly prevented colonic tumor formation 
if given to subjects before or during tumor challenge however, therapeutic capacity of BGS was not promising in this study.
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Introduction

Humans and animals during their lifetime encounter 
several diseases and make use of various methods and 
strategies to tackle them in advance. Colon cancer (CC) 
is probably one of the most common malignant maladies 
associated with significant mortality both in humans and 
animals, worldwide. In cats and dogs, the most common 
gastrointestinal tract tumors occur in the colon and rectum 
after tumors in the oral cavity. The average age of gastroin-
testinal tumors is observed between the age of 6-9 years.1,2 

Adenomatous polyps are the most common tumor type in 
the canine and feline colon and rectum.3-5 40% of these are 
benign and 60% are malignant tumors.6 In humans, the 
incidence may reach up to the highest rate at the ages of 
60 and over, however, 20% of patients experiencing colon 

tumors are under 50 years old. Men concerning women 
have a higher predisposition due to age-related deaths.7 
Prevalence of CC shows significant differences between 
geographic regions, as frequently observed in the USA, 
Australia, New Zealand, Scandinavia and western Europe 
while less commonly in Asian and African countries.8 In 
the USA, it was reported that 5% of the population de-
veloped CC and 40% died because of the high metastatic 
nature.9 Once metastasized, aggressive therapies are indi-
cated which generate significant side effects on patient’s 
physiologic and moral status. There is no gold standard or 
therapy protocol that safely and significantly regresses the 
condition. Such chemotherapy, radiotherapy, surgery and 
advanced modalities are all used with great concern to re-
duce complications though they are not always successful. 
The location and size of CC are highly crucial for the selec-
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tion of surgical intervention. In most cases, partial colec-
tomy is the choice of treatment once performed at early 
the stages.10 Most of the anti-tumor agents are cytotoxic 
and designed to inhibit the growth of the mass including a 
great amount? of healthy cells. Thus, the need for alterna-
tive treatment options especially a preventive approach is 
inevitable for colon tumors in this context.

In traditional medicine, animal-derived bile and gallstones 
that contain high amounts of bile acids, have been used for 
a long history in many countries including China, Japan, 
Korea, and India. Moreover different species of biles have 
been recorded in national pharmacopoeias.11-13

Gallstone is a naturally occurring stone in the gallblad-
der of humans and animals.14-17 They are usually brown, 
but sometimes close to yellowish colour. These stones are 
formed anywhere in the bile ducts, including the gall-
bladder and bile ducts. BGS can be of various sizes from 
sandstone to walnut. The understanding of the formation 
process of gallstone has improved considerably in recent 
years. Hereditary factors, body weight, gallbladder move-
ment and possibly feeding have been shown to cause BGS 
generation.18,19 The process of formation of gallstone and 
how it is used for treatment purposes in many acute and 
chronic ailments, has been known and applied by Tradi-
tional Chinese Medicine (TCM) since ancient times (c.a. 
7th century).20-21 

In TCM, cholelithiasis (chole = gall; lith = stone), laymen 
call gallstones, has been used for several centuries for sev-
eral diseases such as heart disorders, oral wound and throat 
infections, cancer and mental disorders. They inhibit in-
voluntary spasms and prevent loss of consciousness due to 
elevated body temperature.22 However, some researchers 
claim that the therapeutic effect of gallstone comes from 
ancient Indian medicine and that this information was lat-
er used by the Chinese. Contrary to this information, it is 
possible to come across many arguments that gallstone is a 
commercial commodity (today it is commercially available 
online market as 1 g price is  $1-10). Thus, this study aimed 
at setting a scientific light on a traditional understanding 
of anti-tumorigenic effect of bovine gallstone (BGS) in a 
model of murine colon tumor induced by chemical agent 
1,2-dimethylhydrazine (DMH).

Material and Methods
Statement of Ethics: The animal procedure used 
here was approved by the local ethical committee 
of Afyon Kocatepe University, Turkey (No: AHU-
HADYEK-49533702/106-508-15) and all interventions 

were carried out under the laboratory animal handling and 
animal experiments guidelines of the University.

Preparation and analysis of  BGS: Afyon city in Turkey 
is the leading large animal husbandry and abattoir in the 
country. Within the scope of this study, BGS was obtained 
from local dealers who traditionally hold them for var-
ious purposes.  Stones were dried at 22±2 °C for 3 days 
and then granulated down to very fine powder form in less 
than 45µm at the laboratory type ceramic coated ball mill 
because of undesired residue during the grinding process. 
The powder form of BGS was dissolved in pure water and 
freshly prepared before use.

For crystallographic evaluation, X-ray diffraction (XRD) 
analysis with a Cu-Kα radiation source and a voltage of 40 
kV with an ampere of 30 mA was carried out via Bruk-
er D8 Advance (Afyon, Turkey). The measurements were 
performed in the range of 2° to 80° by applying a step size 
of 0.02°. The BGS specimens were subjected to microstruc-
tural analysis and examined by scanning electron micros-
copy (SEM). Chemical analyses were achieved by the EDX 
device (LEO 1430, Afyon/Turkey).

Animals and handling: Eight-week-old BALB-c mice 
(n=30) weighing 25-30 g were housed in cages with no 
contact between groups. Fresh water and standard mouse 
feed were provided ad libitum. Room temperature was set 
at between 19 and 21 °C with a humidity of 50±20% and 12 
hours light-12 hours dark.

Production of colon tumors: To induce a high rate of co-
lon tumors mice were subcutaneously administered at a 
dose of 20 mg DMH/kg body weight weekly for 11 conse-
quent weeks. DMH was freshly prepared in 0.05% EDTA 
and NaHCO3 at pH of 6.5 before use.

Experiment: Animals were randomly allocated into five 
groups. The control group (n=6) were fed only normal ra-
tion, DMH group (n=6) was tumor control group that re-
ceived DMH, animals in BGS>DMH group (n=6) had per 
oral BGS for 5 days before the DMH injection, then weekly 
subcutaneous DMH administration for 11 weeks and the 
cyclic BGS administration (every other day) continued un-
til the end of the study. In the BGS//DMH group (n=6) 
DMH injection (once a week for 11 weeks) and the cyclic 
BGS (until the end of the experiment) were simultaneous-
ly administered and DMH>BGS group (n=6) after the last 
injection of DMH (once a week for 11 weeks) the BGS ad-
ministration was initiated until the end of the experiment.
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Histopathologic examination: The experiment was termi-
nated in the 8th week after the last DMH administration. 
All animals were sacrificed by cervical dislocation under 
general anaesthesia by intramuscular administration of 15 
mg/kg xylazine (Rompun®, Bayer, Germany) and 50 mg/kg 
ketamine HCl (Alfamine®, Egevet, Turkey). The colon was 
removed from abdomen, cleaned and prepared for histo-
pathological examination. In order to obtain full length of 
colon and observe the maximum tissue thickness, Swiss-
roll method was carried out.23 Briefly, the colon was slit 
open longitudinally and the contents carefully removed. 
Then the colon was rolled up longitudinally, taking care 
with the mucosa facing outwards, using a wooden stick. 
Finally, Swiss roll was kept in 10% formalin at 4 °C for 48 
h for fixation. From paraffine embedded colon 5 µm thick 
sections were prepared and stained with hematoxylin and 
eosin (HE).

In order to count hyperplastic and dysplastic atypical cryp-
tic foci (H-acf and D-acf, respectively) analysis, acfs were 
counted by histopathological examination by a  modified 
method of Sengottuvelan et al.24 A table was created by 
counting H-acf, D-acf and hyperplastic lymph follicles (H-
lf) one by one in all colon areas in the sections prepared by 
Swiss roll technique. Acf detected miscroscopic fields were 
counted and scored as 3 degrees as mild (1-3 acf), moder-
ate (4-6 acf) and severe (more than 6 acf).

Statistical analysis: Differences between groups, accord-
ing to the degrees of the H-acf, D-acf and H-lf parameters, 
were determined by the Chi-square test. The significance 
was set at p<0.05. The data were analysed with SPSS 21.0 
for windows program.

Results
SEM images confirmed that the microstructure of BGS was 
not polycrystalline but included branched, quite amor-
phous micro-porous and formed by creating a mesh in a 
three-dimensional plane (Figure 1). In XRD pattern, it can 
be seen that the structure of BGS was amorphous and sup-
ported by the microstructure image taken. This means that 
it did not have a uniformly ordered structure (Figure 2). In 
addition, the hump shape was visible. Further, elementary 
analysis was achieved by EDX technique. It was revealed 
that the BGS consisted of main calcium (Ca), sodium (Na), 
sulfur (S) and oxygen (O) elements, respectively (Figure 3).

BGS powder dissolved in water was given at a dose of 5 
mg/kg for each mouse by oral route at a volume of 0.5 ml. 
Stool structure, urination, feed and water consumption 
were in the normal range in all animals studied at this dose.

Demirkan et al. 2023

Figure 1. SEM image of BGS.

Figure 2. X-ray diffraction of BGS by XRD.

Figure 3. Chemical analysis of BGS by EDX.
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When histopathological sections were examined, signifi-
cant differences were observed between the groups accord-
ing to the H-acf, D-acf and H-lf values (p<0.01) (Table 1). 
For the H-acf parameter, 16.7% of mice were not devel-
oped H-acf while 83.3% developed mildly in the DMH 
group; 100% mild development of H-acf in BGS>DMH 
and BGS//DMH groups were observed; In the DMH>BGS 
group, 33.3% did not develop H-acf, while 66.7% developed 
mild H-acf. For parameter D-acf, 16.7% of the DMH group 
did not develop D-acf, while 50% was mild, 33.3% was 
moderate; in the BGS>DMH group, 33.3% did not gener-
ate D-acf while 66.7% developed mild D-acf; in the BGS//
DMH group, 16.7% did not produce D-acf however 83.3% 
developed D-acf from moderate to severe degrees; in the 
DMH>BGS group, 33.3% developed mild, 16.7% moderate 
and 50% severe D-acf. For the H-lf parameter, 16.7% of the 
DMH group did not develop H-lf, while 33.3% developed 
mild and 50% severe; in the BGS>DMH group, 33.3% did 
not develop H-lf whereas 66.7% developed mild and 50% 
severe H-lf; in the BGS//DMH group, 16.7% did not dis-
play H-lf, but acf was mild in 16.7%, moderate in 50% and 
severe in 16.7% animals; in the DMH>BGS group, 50% of 
H-lf were mild, 33.3% of moderate and 16.7% of severe.

In terms of the sum of H-acf, D-acf and H-lf values, neither 
H-acf/D-acf nor H-lf development was observed in 16.7% 

of animals whereas 55.6% developed mild, 11.1% moder-
ate and 16.7% severe. While 22.2% did not develop any acf 
in the BGS>DMH group, 77.8% developed mildly. In the 
BGS//DMH group, 11.1% did not develop acf, while 38.9% 
developed mild, 44.4% moderate and 5.6% severe. No acf 
formation was seen in 11.1% of mice but 50% of them de-
veloped mild, 16.7% moderate and 22.2% severe acf in the 
DMH>BGS group.

According to these results, the degrees of acf in DMH and 
DMH>BGS groups were almost similar. In the BGS//DMH 
group, the moderate rate was the highest, whereas, in the 
BGS>DMH group, either none or mild rate was observed 
(Figure 4).

Table 1 Comparisons of groups for H, D and L parameters with respect to atypical cryptic foci (ACF).

Figure 4. Comparison of all groups with respect to ACF formations.
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For each group, a representative of histopathological 
stainings was given in Figure 5. In the control group, no 
acf were observed indicating a normal colon without any 
tumoral structure (Figure 5A). In acf developed colons a 
massive mononuclear cell infiltration and dysplastic glands 
were visible in DMH group (Figure 5B). The number of 
H-acf and D-acf tissues in DHM ve DMH>BGS groups 
were higher then particularly in BGS>DMH group fol-
lowed by DMH//BGS group (Figure 5B-E). The lowest rate 
of tumor was noted in BGS>DMH group where BGS was 
given before tumor challenge. In addition, simultaneous 
administration of DMH and BGS to mice inhibited tumor 
formation and development more significantly than those 
in other groups (except for BGS>DMH group). BGS did 
not have a reversal effect on the tumor status once the tu-
mor was already developed. However the number of H-acf 
and D-acf in lenfoid tissue were considerably higher in 
DMH and DHM>BGS groups with respect to BGS>DMH 
ve DMH//BGS groups.

Discussion and Conclusion
The most striking findings of this study were that BGS may 

protect development of colon neoplasia consumed before 
tumor initiation. As stated that CC can be prevented and 
even curable with significantly lower morbidity and mor-
tality if diagnosed in its early stage i.e. asymptomatic peri-
od22,25 supporting our results since timely intervention is 
crucial and highly promising for tumor prevention.

BGS formation is common in cattle at the of 7-8 years.26 
The qualitative chemical analysis of the gallstones ob-
tained from slaughtered sheep (n=336) and cows (n=250) 
showed that calcium bilirubinate, cholesterol and calcium 
carbonate were present.26 Even gallstone was observed in 
sheep foetuses. Sixteen Clun Forest and two Welsh Moun-
tain foetuses of gestational age of 102-142 days with an in-
cidence of 50% were earlier reported.14 However formed 
stones readily in the physiological conditions of uterine 
life disappear eventually within a ductal passage by phys-
iological dissolution as seen in humans.27 Calcium palmi-
tate, which is the main constituent of the foetal gallstones 
in sheep, is also a constituent of human gallstones, and its 
incidence in these is about 36%.28 In goats it was more 
frequent among adults despite the low prevalence (1.2%).29

In human, gallstone disease occurs in over 10% of the adult 
population have been analysed by neutron activation, pro-
ton-induced X-ray emission and X-ray fluorescence. Calci-
um, phosphorus, sulphur, aluminium, manganese, copper 
and iodine were found at concentrations much higher than 
normal physiological levels. The distribution and form of 
calcium were examined qualitatively by SEM and infrared 
spectroscopy.30

In our study, microstructural, chemical and mineralogical 
analysis of BGS showed that the structure was formed as 
amorphous over the time. That means, there is no evidence 
for ordered structure in BGS. Furthermore, porous struc-
ture was confirmed by microimages captured via SEM de-
vice. SEM/ EDX analysis highlighted BGS contained Ca, 
Na and S in a suitable chemical environment in the bile 
duct similar to previous reports.

Animals were well tolerated oral gavage of natural BGS 
in this study. No data were detected regarding the oral 
administration of BGS in mice so far. Thus this was the 
first report that the dose of 5 mg/kg can be used safely in 
BALB-c mice. However maximum tolerated dose of BGS 
has yet to be determined. 

Chemical induction CC by DMH is one of the most com-
monly used method and is widely studied in in vivo exper-
iments.31-33 DMH with a high genotoxic effect is the choice 

Figure 5. Histopathological staining (HE) of murine colon tissues. 

Bar=100 µm. A) Histologic view of normal colon in control group, B) 

Dysplastic glands (arrows) in DMH group with intensive mononucle-

ar cell infiltration. C) Dysplastic glands in a restricted area (arrow) in 

BGS>DMH group. D) Dysplastic gland in propria mucosa (arrow) and 

a dysplastic gland within lymphoid hyperplasia (arrowhead) in DM-

H>BGS group. E) A large area of dysplastic glands (arrows) in DMH//

BGS group.
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of CC in BALB-c mice.34 Thus in our study murine was 
considered. In previous studies it was shown that colon 
neoplasia by DMH was achieved within 4.5 month 34 as 
observed in our study. DMH, which mutagenically acts by 
methylating DNA molecules, also disrupts RNA and there-
fore protein synthesis. DMH is converted to azoxymethane 
and azoxymetanol in the liver mimicking carcinogenic ef-
fects. The azoxymethanol is then conjugated to glucuronic 
acid and biliary excreted. In the colon lumen, glucuronoids 
are converted to active carcinogenic metabolites by bacte-
rial hydrolysis and are associated with colon neoplasia.35 

It can be speculated that BGS may exhibit its effect by en-
hancing intestinal immune system, chaleting cancerogens 
or covering intestinal lumen to protect absorption of car-
cinogen.

In our study, for the H-acf parameter, in DMH and DM-
H>BGS groups acf were mostly mild, while in BGS>DMH 
and DGS//DMH groups were all mild. For the D-acf pa-
rameter, DMH and BGS>DMH groups were highly mild, 
while the BGS//DMH group was highly moderate and it 
was highly severe in DHM>BGS group. The H-lf param-
eter was highly severe in the DMH group, slightly high in 
the BGS>DMH and DMH>BGS groups, and it was moder-
ately high in the DMH group. When evaluated in terms of 
the sum of H-acf, D-acf, and H-lf parameters, both mod-
erate and severe acf were not observed in the BSG>DMH 
group, and it was mostly mild.

The role of nanobacteria in pigment gallstone formation 
in Japanese white rabbits was experimentally validated. 
Nanobacteria were successfully cultured from cholecysto-
lithiasis patient’s gallbladder (without acute cholecystitis) 
bile samples and it was concluded that the nanobacteria 
exists in gallbladder bile of cholelithiasis patients and caus-
es the formation of black pigmented gallstones in rabbits. 
Thus, an animal model of black pigment gallstones caused 
by nanobacteria was successfully established.36 Moreover, 
Deng and Gao37 managed to develop an artificial cow-bez-
oar as a substitute by mixing cattle bile, cholic acid, hyode-
oxycholic acid, taurine, bilirubin and cholesterol to mimic 
natural cow-bezoar. However, their artificial preparation 
of cow-bezoar was cheaper than the natural form but less 
effective.37

It was concluded that in this experimental colon tumor 
model the consumption of BGS was closely associated 
with a beneficial effect on colon tumors merely consumed 
before or during exposure to carcinogen but not subse-
quently resulting in a significant decrease in the incidence 
of colon tumors. Thus, the use of BGS for its antitumori-

genic effect appears to have some medicinal benefit rather 
than mystical controversy. The need for further analysis of 
whether BGS can be a candidate for the protection/treat-
ment of colon tumors should be investigated in detail, etc. 
in vitro. Moreover, in the presence of chemically suitable 
medium and ions BGS-like substances can be artificially 
produced and their effects on colon tumors may be accord-
ingly evaluated to observe maximum tolerated dose with 
minimconcerning with respect to natural counterparts.
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