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Abstract

0z

Aim: The etiopathogenesis of gallstone formation is well known, but
only a few studies have investigated the effects of thyrotoxicosis on
gallstone formation. In this study, we investigated the contribution of
thyrotoxicosis to gallstone formation in rabbits.

Methods: Forty-four New Zealand rabbits were used. The rabbits were
divided into six groups, with each group receiving a different diet. At
the end of seven weeks, all rabbits were sacrificed, blood was collected
for analysis, and cholecystectomy was performed.

Results: Serum levels of both free triiodothyronine (FT3) and thyroxine
(FT4) were significantly higher in rabbits receiving thyroid hormone
(p<0.001). The bile cholesterol saturation index (CSI) in the group
receiving only thyroxine hormone was statistically higher than in the
control group (p=0.014). The rabbit group receiving a lithogenic diet
and thyroxine hormone had significantly higher myeloperoxidase
activities and fibrinogen levels, but lower bile acid levels compared
to controls (p<0.001). Focal leukocyte infiltration was noted in rabbits
receiving thyroxine hormone, but no significant differences were
found in bile calcium levels between the groups (p>0.05).
Conclusions: Thyrotoxicosis promotes an increase in gallstone
formation risk as a result of an increased bile CSI and gallbladder
mucosal inflammation.

Keywords: Cholelithiasis, thyrotoxicosis, gallstone, hyperthyroidism,
cholesterol

Amagc: Safra tasi olusumun etiyopatogenezi bilinmesine ragmen,
tirotoksikozun safra tasi olusumu Uzerinde etkisini arastiran ¢ok az
sayida calisma bulunmaktadir. Bu ¢alismada tavsanlarda tirotoksikozun
safra tasi Uzerine etkileri arastiriimistir.

Yontemler: Kirk dort adet Yeni Zelanda tipi tavsan kullanildi. Tavsanlar,
alti gruba boliindu ve her grup farkli diyetle beslendi. Calismanin
7. haftasinda tavsanlar sakrifiye edilerek kan &rnekleri alindi ve
kolesistektomi yapildi.

Bulgular: Tiroksin hormonu verilen tavsanlarda serbest T3 ve T4
diizeyleri anlamli sekilde yuksek bulundu (p<0,001). Kontrol grubu ile
karsilastirildiginda tiroksin hormonu verilen tavsanlarda safra kolesterol
satlirasyon indeksi (CSI) anlamli sekilde yuksek bulundu (p=0,014).
Litojenik diyet ile tiroksin hormonu alan tavsanlardaki miyeloperoksidaz
ve fibrinojen serum diizeyleri kontrol grubundaki tavsanlarin dizeylere
gbre anlamli sekilde yusek bulunurken, safra asit dlzeyleri istatistiksel
olarak dustk bulundu (p<0,001). Tiroksin hormonu alan tavsanlarda
safra kesesi mukozasinda fokal infiltrason tespit edilirken, gruplar
arasinda safra serum kalsiyum duzeyleri arasinda anlamli bir fark
bulunmadi (p>0,05).

Sonug: Tirotoksikoz, safra CSI'yi ve mukozal enflamasyonu arttirarak
safra tasi olusumu riskini arttirmaktadir.

Anahtar Sézciikler: Kolelitiaziz, tirotoksikoz, safra tasi, hipertiroidizm,
kolesterol
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Introduction

Almost 10%-15% of the adult population in developed
countries have a diagnosis of cholelithiasis (1,2). Bile stones
consist of three main elements: 1. cholesterol, 2. bile
pigment and 3. calcium salts (3). Gallstones are classified
as cholesterol gallstones and pigment gallstones which are
subdivided into black and brown pigment gallstones. The
most common gallstone type is cholesterol gallstone that
constitutes about 70% of all gallstones (4). The risk factor
for cholesterol gallstone are cholesterol supersaturation,
nucleation and gallbladder hypomotility (5,6). Other risk
factors for cholesterol gallstones include age, gender,
genetics, obesity, weight loss, and bowel disease (7). The
association between serum lipid levels and gallstone has
been reported and studies have shown that cholesterol
saturation index (CSI), which is one of the main factors
for gallstone formation, was more crucial than cholesterol
concentration (8,9). CSI is described as the ratio of
measured concentration of cholesterol to the measured
concentration of bile salts plus phospholipid (10). A
gallstone starts with a nucleus formation, and it has been
shown that nucleus formation time was shortened by a
lithogenic diet (4,11). There are some additional factors,
including mucus, calcium, and transferrin that accelerate
gallstone nucleus formation, but some other factors such
as bile and fatty acids prevent it (4,10,11).

Although some studies have reported a higher
prevalence of both hypothyroidism and subclinical
hypothyroidism in gallstone patients, which supports a
possible relationship between low thyroxine (T4) levels and
gallstone disease (12-14), there are few data regarding the
contribution of thyroxicosis to gallstone formation (12).

Methods

The study was approved by the Ankara Education and
Training Hospital Ethics Committee and was registered
with a number of 2002/11/002. The study was conducted
in accordance with the 1996 Guide for Care and Use of
Laboratory Animals.

Forty-four New Zealand rabbits were used in this study.
The rabbits were divided into six groups: group 1 (control
group)-fed with a standard rabbit diet and water and did
not receive any medications, group 2 (lithogenic group)-
fed with a lithogenic diet consisting of 1% cholesterol
and 0.5% bile acid and water and group 3 (thyrotoxicosis
group) - fed with a standard diet and received 0.5 pg/kg/
day L-thyroxine via the oral route, group 4 (thyrotoxicosis
and anti-inflammatory group)-fed with a standard diet
and received 0.5 pg/kg/d L-thyroxine with 10 mg/kg/d
indomethacin via the oral route, group 5 (thyrotoxicosis
and ursodeoxycholic acid) - fed with a standard diet
and received 0.5 pg/kg/d L-thyroxine with 50 mg/kg/d

92

ursodeoxycholic acid; and group 6 (thyrotoxicosis and
alendronate group)-fed with a standard diet and received
0.5 pg/kg/d L-thyroxine with 2.5 mg/kg/d alendronate
via the oral route. At the end of seven weeks, all rabbits
were sacrificed and blood was obtained for biochemical
analysis of serum triiodothyronine (FT3) and FT4,
fibrinogen, calcium, cholesterol, and bile acid. A bile
sample was collected for analysis of bile calcium, bile acid,
and cholesterol levels. Cholecystectomy was performed
to obtain samples for assessing tissue myeloperoxidase
(MPQ) activities and determining inflammation.

Biochemical Analysis

Thyroid function test: Serum samples obtained
from the rabbits were analyzed using an Abbot Architect
i2000SR immunoassay analyzer (Abbott Laboratories
Diagnostic Division, Abbott Park, USA).

Serum calcium and cholesterol levels: Samples were
measured by spectrophotometric analysis using Olympus
AU cholesterol OSR 6116 and calcium OSR 6176 (Olympus
Diagnostica GmbH, Clare, Ireland).

Fibrinogen levels: Serum samples were evaluated
with the photo-optical method using a BCT analyzer
(Dade-Behring, Marburg Germany) standard fibrinogen kit
(Fibrinogen Kit, Catalog No.886-A Sigma Diagnostics, St.
Louis, USA).

Bile cholesterol and acids and calcium: Samples
were diluted with distilled water at a 1:400 dilution.
Spectrophotometric  analysis was performed using
Olympus AU analyzer cholesterol OSR 6116, calcium OSR
6176 with bile acid OSR 6279 kits (Olympus Diagnostica
GmbH, Clare, Ireland).

Myeloperoxidase: MPO activity was used as a marker
for inflammation of the gallbladder. Gallbladder mucosal
samples were homogenized with 1 mL of ice-cold buffer
containing 50 mM potassium phosphate (pH: 7.4) for
1 min. The homogenized samples were sonicated for
20 sec and centrifuged at 1200 rpm for 12 min at 4°C.
Supernatants were removed after centrifugation and
collected in different tubes. MPO activity was assessed by
measuring the H,0 -dependent oxidation of o-dianisidine.
One unit of enzyme activity was defined as the amount of
MPO present that caused a change in absorbance of 1.0/
min at 410 nm and 37°C.

Histopathological evaluation: Gallbladder mucosal
inflammation was examined using samples from the
gallbladder mucosa that were stained with hematoxylin
and eosin and examined under light microscope at 40x
magnification. Three pathological scores were developed
and described:

1. 0: No infiltration (0 leukocyte/40x);

2. 1: Trace infiltration (4-5 leukocytes/40x);

3. 2:Focalordiffuseinfiltration (>10-15 leukocytes/40x).
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Statistical Analysis

Data were expressed as mean + standard deviation.
One-Way analysis of variance (ANOVA) was applied to test
the differences between the groups. Significant differences
between two groups were determined using a post-hoc
Tukey test. All statistical analyses were conducted using
SPSS software v.16.0 and a p value of less than 0.05 was
considered statistically significant.

Results

Serum FT3, FT4

The analysis of serum FT3 level showed statistically
significant differences between the groups (p<0.0001,
Table 1, Figure 1). The Tukey test showed that serum
FT3 level was statistically higher in rabbits receiving only
thyroid hormone compared to control group (7.3+1.1 vs
2.37+0.74 ng/mL, p<0.001), but no statistical differences
were noted between group 4, group 5 and group 6
(6.5+£0.84 vs 6.95+1.3 ng/mL, p=0.45 and 6.5+0.84 vs
6.7+1.1 ng/mL, p=0.96 and 6.95+1.3 vs 6.7£1.1 ng/mL,
p=0.77, respectively).

The analysis of serum FT4 levels showed that there
was statistically significant differences between the groups
(p<0.0001, Table 1, Figure 1). The Tukey test showed
that serum FT4 level was statistically higher in groups 3,
4 and 5 receiving thyroid hormone compared to control

group (1.7£0.56 vs 0.5+0.04 ng/mL, p<0.001, 1.3+0.4 vs
0.5£0.04 ng/mL, p<0.001 and 1.1£0.0.25 vs 0.5+0.04 ng/
mL, p=0.006, respectively), but there was no statistically
significant difference between group 6 and control group
(0.95+0.30 vs 0.5+£0.04 ng/mL, p=0.80).

Serum Cholesterol, Bile Cholesterol, and Bile Acids
Levels

There was a statistically significant difference in serum
cholesterol levels between the groups (Table 1, Figure 2).
Post-hoc analysis showed that serum cholesterol levels in
lithogenic group were statistically significantly higher than
in control group (7104£98 vs 108+34.7 mg/dL, p<0.001).
Serum cholesterol levels were significantly lower in group
3 than in control group (48+13 vs 108+34.7 mg/dL,
p=0.036).

There was a statistically significant difference in bile
cholesterol levels between the groups (p<0.001, Table 1).
The Tukey test showed that bile cholesterol in lithogenic
group was statistically significantly higher than in control
group (215469 vs 56+25 mg/dL, p<0.001), but no
significant differences were noted between group 3 and
group 1 (40+13 vs 56125 mg/dL, p=0.882).

The rabbit group receiving the lithogenic diet had
statistically lower bile acid levels than controls (178+36.5
vs 73+25mg/dL, p<0.001). Group 3 had significantly lower
bile acid levels compared to control group (36.6£16.4 vs
178+36.5 mg/dL p<0.001).

Table 1. The comparison of parameter values in groups (One-Way ANOVA test)

Variables Groups 1 Groups 2 Groups 3 Groups 4 Groups 5 Groups 6 p value
(mean £ SD) (mean * SD) (mean * SD) (mean * SD) (mean * SD) (mean * SD)

FT3 (ng/mL) 2.37+0.74 2.6+0.4 7.3+£1.1 6.5+0.84 6.95+1.3 6.7£1.1 p<0.001

FT4 (ng/dL) 0.5+0.04 0.66+0.04 1.7+0.56 1.3+0.4 1.1+0.25 0.95+0.30 p<0.001

MPO (U/mg) 0.8+0.25 1.7£0.15 1.56+0.24 0.69+0.2 1.46%0.2 1.48+0.25 p<0.001

Fibrinogen 1.3+0.23 2.9+1.5 3.2+1.1 0.95+0.3 2.4+0.8 2.6+0.7 p<0.001

(mg/dL)

Serum cholesterol 108+34.7 710498 48+13 49+22 29114 63+19 p<0.001

(mg/dL)

Bile cholesterol 56125 215+69 40+13 50+16.5 25.3+20 96.6+16.5 p<0.001

(mg/dL)

Bile acids (mg/dL) 178+36.5 73£25 36.6+16.4 40.5+15 88+50 30.6+9.6 p<0.001

Cholesterol 0.32+0.15 3.05+0.87 1.44+0.61 1.45+0.8 0.53+0.73 1.25+0.64 p<0.001

saturation index

Serum calcium 6.6+0.66 8.4+0.51 10.2+1 10.0£57 9.4+1 4.4+0.8 p<0.001

(mg/dL)

Bile calcium 82.6+33 109.3£51 101+35 89+28 100+25 80+31 p=0.48

(mg/dL)

MPO: Myeloperoxidase, SD: Standard deviation
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Figure 1. The analysis of serum FT3 and FT4 levels showed that
there was significant differences between groups (p<0.001).
Serum FT3 and FT4 levels were statistically higher in group
3 compared to group 1 (p<0.001 and p<0.001) and group 2
(p<0.001 and FT4: p<0.001)
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Figure 2. Serum cholesterol levels were statistically different
between groups (p<0.001). Serum cholesterol level was
statistically higher in group 2 compared to group 1 (p<0.001),
but it was lower in group 2 compared to group 3 (p=0.036).
Bile cholesterol levels were found out to be statistically different
among all groups (p<0.001). The group 2 and group 3 had
statistically lower bile acid levels compared to the group 1
(p<0.001, p<0.001)

Bile CSI

There was a statistically significant difference in CSI
between the groups (p<0.001), (Table 1, Figure 3). The
rabbit group receiving lithogenic diet had statistically
significantly higher CSI compared to controls (3.05+0.87
vs. 0.32+0.15, p<0.001). The CSI in the group receiving
only thyroxine hormone was statistically higher than
in control group (1.44+0.61 vs 0.32+0.15, p=0.014).
However, the differences in CSI bile levels between the
rabbit group receiving the thyroxine hormone in addition
to ursodeoxycholic acid (group 5) and control group were
not significant (0.53+0.73 vs 0.32+0.15 p=0.985).
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Figure 3. The bile cholesterol saturation index (CSI) differed
among groups and the diferrence was statistically important
(p<0.001). The group 2 had statistically higher CSI compared
to group 1 (p<0.001). Myeloperoxidase (MPO) level from
gallbladder tissue was statistically different among all groups
(p<0.001). The group 2 and group 3 had statistically higher
MPO levels compared to group 1 (p<0.001 and p<0.001). MPO
activities and CSI compared based on FT4 levels

MPO Activities and Fibrinogen Levels

There was a statistically significant difference in MPO
activities in the gallbladder tissue between the groups
(p<0.001, Table 1, Figure 3). The MPO activity in the rabbit
groups receiving lithogenic diet (group 2) and only thyroxine
hormone (group 3) was statistically higher than in control
group (1.7£0.15 vs 0.8+0.25, p<0.001 and 1.56+0.24
vs 0.8+0.25, p<0.001, respectively). No statistically
significant difference was found between groups of
rabbits receiving lithogenic diet versus thyroxine hormone
(1.7£0.15 vs 1.56£0.24, p=0.731). The rabbit group
receiving both thyroxine hormone and indomethacin had
statistically significantly lower MPO activities compared
to both groups of rabbits receiving lithogenic diet and
those of receiving thyroxine hormone only (0.69+0.2 vs
1.7+0.15, p<0.001 and 0.69+0.2 vs 1.56+0.24, p<0.001,
respectively), but no differences were found compared to
control group (0.69+0.2 vs 0.8+0.25, p=0.885).

A statistically significant difference was found in serum
fibrinogen level between the groups (p<0.001, Table
1). The lithogenic diet and thyroxine only groups had
significantly higher fibrinogen levels compared to that
in control group (2.9+£1.5 vs 1.3+0.23 mg/dL, p=0.008
and 3.2+1.1 vs 1.3+0.23 mg/dL, p<0.001, respectively),
but no differences were found between lithogenic diet
and thyroxine only groups (2.9+1.5 vs 3.2+1.0 mg/
dL, p=0.990). The rabbit group receiving both thyroxine
hormone and indomethacin had statistically lower
fibrinogen levels compared to rabbit groups receiving
lithogenic diet and thyroxine hormone only (0.95+0.3 vs
2.9+1.5 mg/dL, p=0.001 and 0.95+0.3 vs 3.2+1.0 mg/
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dL, p<0.001, respectively). No statistically significant
differences were found between control group and
the rabbit group receiving both thyroxine hormone and
indomethacin (1.3+£0.23 vs 0.95+0.3 mg/dL, p=0.933).

Serum and Bile Calcium Levels

There were statistically significant differences in serum
calcium levels between the groups (p<0.001, Table 1). The
rabbit group receiving thyroxine hormone had statistically
higher serum calcium levels compared to control group
(10.2+£1.0 vs 6.620.66 mg/dL, p<0.001). The rabbit group
receiving both thyroxine hormone and alendronate had
lower serum calcium levels compared to control and
thyroxine hormone only groups (4.4+0.8 vs 6.6+0.66 mg/
dL, p=0.036 and 4.4+0.8 vs 10.2+1.0 mg/dL, p<0.001,
respectively). No significant differences were found in bile
calcium levels between the groups (p=0.487) (Table 1).

Histopathological Examination

When comparing control group with lithogenic
diet group, focal leukocyte infiltration in the gallbladder
mucosa was observed in rabbits receiving lithogenic diet.
Focal leukocyte infiltration was also noted in rabbits
receiving thyroxine hormone, but no infiltration was found
in rabbits receiving thyroxine hormone in addition to anti-
inflammatory agents.

Discussion

The effect of hypothyroidism on gallstone formation
is well known (12), but information related to the effects
of thyrotoxicosis on gallstone formation is scarce in
the literature. In this study, we found an increased risk
for gallstone formation in animals with thyrotoxicosis.
We further investigated the underlying mechanisms of
thyrotoxicosis contribution to gallstone formation and
discovered unique thyrotoxicosis mechanisms in gallstone
formation. The effects of hyrotoxicosis on gallstone
formation were investigated by examining the effects of
thyrotoxicosis on bile CSI, mucosal inflammation, serum
fibrinogen, and bile calcium levels.

There have been several studies investigating the
etiopathogenesis of gallstone and risk factors for gallstone
formation (15). As with most common diseases, gallstones
are believed to be multifactorial influenced by both genetic
and environmental factors (16,17). Studies have shown
that the most important factors in the etiopathogenesis
are biliary system motor dysfunction, gallbladder mucosal
inflammation, and increased CSI (9,18,5).

Bile cholesterol disturbances are essential for gallstone
formation (19). Studies have shown that CSI was more
important than cholesterol levels in cholelithiasis formation
(5,20). These findings were attributed to an increase in
cholesterol and bile salt deficiency (10), and our results
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are consistent with those findings. We found that the bile
cholesterol levels were lower even in the rabbit groups
receiving thyroxine hormones because the bile acid levels
were much lower in these groups. The CSI was statistically
higher in rabbits receiving thyroxine. As confirmed in this
study, it has been shown that thyroid hormones decreases
bile acid formation (12,21-23). It has been shown that
thyrotoxicosis-induced cholesterol gallstones are formed
through over-expression of the hepatic nuclear receptor
genes, Lxra. and Rxr, which are major components of the
cholesterol metabolism pathway (12,24,25). Furthermore,
thyroid hormone has been shown to stimulate secretion of
cholesterol into the bile (13). Therefore, thyroid hormones
and thyroid hormone receptor beta must play a part in
bile cholesterol homeostasis. Cholesterol supersaturation
occurs due to either excessive cholesterol or insufficient
bile salts (26). This study showed that high CSI occurs in
thyrotoxicosis as a result of lower bile salt concentrations.

It has been shown that experimental animals fed
with lithogenic diet had increased MPO activity which is
a well known marker of inflammation (13). Fibrinogen
is an acute-phase reactant and is elevated in chronic
low-grade inflammation  (15). Gallbladder mucosal
absorption deteriorates in case of mucosal inflammation
that increases bile concentration and causes lithogenic
bile (27,28). We revealed that thyroid hormone can
act as a pathophysiological regulator of inflammation
generation in gallbladder mucosa. This was confirmed
by higher MPO and fibrinogen levels in rabbits receiving
thyroxine hormone compared to that in controls. The
same result was seen with lithogenic diet. Moreover,
MPO activities and fibrinogen levels in rabbits receiving
both thyroxine hormone and indomethacin showed that
thyroxine hormone-induced inflammation was reversed
by anti-inflammatory agents. It has been showed that
patients with gallstones have an abnormal gallbladder
mucins and glycoproteins (15). Abnormal gallbladder
mucins and glycoproteins increase bile saturation that
could further increase thegallstone formation (5). The
gallbladder mucosal inflammation that was shown in this
study revealed that thyrotoxicosis promotes cholesterol
associated gallstone formation in rabbits.

Calcium has an important role in the formation
of gallbladder stones (29). Almost all pigment and
cholesterol gallstone nuclei consist of calcium bilirubinate
(29,30). Hypercalcemia induced by thyrotoxicosis has
been reported in the literature (31). This study showed
that thyrotoxicosis increases serum calcium levels that may
promote gallstone formation. It is most likely due to bone
resorption that is responsible for this effect since it was
reversed by alendronate (32,33).
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Conclusion

This study showed that thyrotoxicosis promotes
gallbladder stone formation by increasing bile CSI and
gallbladder mucosal inflammation.  Further studies
investigating the effects of thyrotoxicosis on biliary system
function are warranted.
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