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Abstract

Background: 10-20% of the population in Europe carries gallbladder stone. Many gallstones
are asymptomatic, but symptoms and severe complications occur in more than 40% of patients
above the age of 40 years, necessitating laparoscopic cholecystectomy. The cholelithiasis
prevalence is even higher in most Hispanic populations of Central and South America, and in
American Hispanics with native American ancestry. Overall, gallstone disease represents a
serious load for healthcare systems; annually, an estimated 700,000 and more than 190,000
cholecystectomies are done in the United States of America and Germany respectively. Also, the
average of the prevalence was 4-12% in Middle Eastern countries.

Purpose of review: to highlight the role of genetic and non genetic risk factors for gall stone
formation. These highlights are extrapolated from recently published and well respected studies
and systematic reviews.

Conclusion: causes, mechanisms of cholelithiasis and its correlation with the pathogenesis of
related diseases are discussed and reviewed

Keywords: Gallstone Formation, Genetic, Epigenetic

INTRODUCTION

Biliary stone disease is widespread in western developed countries, where 15% of adults carries
gallstones [1]. In European countries, gallstones are among the most frequent reasons for
gastrointestinal disease hospitalisation. [2]. Moreover, gallstone disease is expensive to treat,
particularly when symptoms or complications arise [1].

Biliary stone disease is a common digestive system condition. In the early stages, gallstones are
asymptomatic in about 75% of patients. Gallstones may produce symptoms including nausea,
epigastric colic, diarrhoea, anorexia, etc. when they form. Gallstones may eventually move and
cause potentially fatal side effects include cholangitis, acute cholecystitis, and biliary pancreatitis
[3]. Cholecystectomy is necessary at this time. Yet, this therapeutic approach has drawbacks that
may substantially jeopardise a patient's health and impair his general quality of life [4].

Gallstone disease is predisposed by both changeable and unmodifiable factors, including as age,
female gender, race, and lithogenic (LITH) genes. Gallstones are mostly made of cholesterol in
75-80% of instances in Western nations, and they are frequently linked to broader systemic
problems. [6].

Gallstone production was thought to be accelerated by five variables. They include hereditary
components, elevated hepatic cholesterol secretion (leading in supersaturation of bile with
cholesterol), components that encourage the formation of cholesterol crystals and solid
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cholesterol crystals, gallbladder dysmotility, and components from the intestine. [5].
Anatomical considerations:

The biliary tract refers to the series of ducts via which the bile produced and expelled by the liver
travels as it makes its way to the duodenum, the first section of the small intestine. The biliary
tract, a typical feature of most mammals, has several small branches that converge to form the
common bile duct, which is frequently referred to as the biliary tree. The portal triad is made up
of the bile duct, the portal vein, and the branches of the hepatic artery. In the other two channels,
bile flows in the opposite direction from the direction that the blood flows [7].

Usually referred to as the biliary system or tract, this system can also be referred to as
"hepatobiliary” when only the liver and bile ducts are involved. Generally speaking, the term
"biliary tract" refers to all of the ducts, organs, and structures involved in the generation, storage,
and secretion of bile [7].

Bile canaliculi that lead to the Canals of Hering that lead to the intrahepatic bile ductule (in
portal tracts or triads) that leads to the interlobular bile ducts that lead to the left and right hepatic
ducts.

The common hepatic duct, which is made up of the left and right bile ducts, joins with the gall
bladder's cystic duct before leaving the liver. They come together to produce the pancreatic duct
and common bile duct (CBD). Then enter the duodenum through the Vater's ampulla [7].

The gall bladder:

Underneath the right lobe of the liver, which appears grey-blue in life, is where the gallbladder, a
hollow cyst, is located [8]. Adult gallbladders typically measure 7 to 10 centimetres (2.8 to 3.9
inches) in length and 4 centimetres (1.6 inches) in breadth when fully inflated. About 50
millilitres are available in the gallbladder [8].

The fundus, body, and neck are the three components that make up the gallbladder. The globular
base that is angled to face the abdominal wall is known as the fundus. The body is embedded in a
groove on the surface of the liver's right lobe. The neck narrows to become continuous with the
cystic duct, which forms the biliary tree's fusion with the hepatic duct [8].

Several layers make up the gallbladder wall. The deepest layer of the gallbladder wall is lined by
a single layer of columnar cells that resemble the intestinal absorptive epithelium in appearance
and feature a brush border known as microvilli. Lamina propria, a muscle layer, an outer
perimuscular layer, and serosa are present below the lining epithelium. The muscularis mucosa is
absent from the gallbladder, and the muscular fibres are not organised into discrete layers like
they are in the intestinal system [8]. The lamina propria is a thin layer of connective tissue that
lies beneath the mucosa, the inner layer of the gallbladder wall. The mucosa is made up of a
single layer of columnar cells with microvilli, which are tiny hair-like attachments on the cells.
Rugae, or little outpouchings formed from the mucosa, are folded and corrogated [8].

Under the mucosa, there is a layer of muscles. This is made of smooth muscle, which does not
have distinct layers and has fibres that randomly sit in longitudinal, oblique, and transverse
directions. To release bile from the gallbladder, the muscle fibres in this area contract. The
presence of Rokitansky-Aschoff sinuses, which are deep openings of the mucosa that can pass
through the muscular layer and denote adenomyomatosis, is a unique characteristic of the
gallbladder wall. An outer layer of connective and fat tissue covers the muscle layer [8].

Mechanism of bile formation:

Hepatocytes produce and exude bile, a physiological watery fluid. Mostly bile salts,
phospholipids, cholesterol, electrolytes, conjugated bilirubin, and water make up its composition.
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[9]. Hepatocytes produce and secrete bile, which is then altered by the cholangiocytes that line
the bile ducts.

In addition to having an intact biliary duct tree, active transport networks inside hepatocytes and

cholangiocytes are necessary. Hepatocytes initially produce bile by secreting conjugated
bilirubin, cholesterol, bile salts, phospholipids, ions, proteins, and water into their canaliculi,
which are tiny tubules that connect nearby hepatocytes and eventually unite to create bile ducts
[9]. The primary bile secretory mechanism is the canalicular membrane of the hepatocyte, which
is made up of the cytoskeleton of the hepatocyte, carrier proteins, and intracellular organelles.
Bile acids and ions are transported via the carrier proteins contained in the canalicular
membrane. Molecules are actively pumped into bile by transporter proteins embedded in the
canalicular membrane using energy to overcome concentration gradients. Electrochemical and
osmotic gradients are produced by this active transport. As a result, water follows conjugated
bile salts when they enter the canaliculus due to an osmotic gradient. Passive diffusion of
inorganic ions like sodium is made possible by the electrochemical gradient. The entry of
conjugated bile salts into the biliary canaliculus is the most efficient bile formation promoter. A
total of 600 ml of bile flow through the body each day, 75% of which comes from hepatocytes
and 25% from cholangiocytes. About 225 ml per day of the hepatocyte portion of bile flow is
dependent on bile salt, and the other half is independent of bile salt. Glutathione and bicarbonate
are examples of osmotically active solutes that encourage bile salt-independent bile flow [10].

Formation of bile involves two steps the first is the transport through the hepatocyte to be
expelled across the canalicular membrane facing the biliary compartment, and the second is the
uptake of bile acids and ions from plasma across the basolateral (sinusoidal) membrane facing
the blood compartment [9].

The active transporter protein sodium-potassium ATPase on the basolateral membrane of the
hepatocyte keeps gradients of sodium and potassium in place. An electrochemical gradient is
created because the cell only receives two potassium ions while releasing three sodium ions [9].
While the sodium gradient strengthens the sodium-dependent taurocholate cotransporter protein,
the electrochemical gradient created across the hepatocyte membrane promotes the uptake of
positively charged ions. This transporter permits conjugated bile acids to enter the system. The
organic anion transporter protein, however, is not dependent on sodium for the importation of
organic anions. The sodium-taurocholate cotransporting protein, ion exchangers that control pH
like the sodium-hydrogen exchanger and the sodium-bicarbonate cotransporter, organic anion
and cation transporters, and non-esterified fatty acid transporters are just a few of the transporters
embedded in the basolateral surface of the hepatocyte [9].

The majority of the transporter proteins in the hepatocytes' canalicular membrane belong to the
family of ATP-binding cassette proteins. Actively carrying chemicals and enzymes into the bile
are these proteins. Bile salt export pump (BSEP), multispecific organic anion transporter
(MRP2), multiple drug resistance 1 and 3 (MDR1 and MDR3), ATP dependent transporter of
organic cations, ATP dependent phospholipid transporter (flippase), and canalicular bicarbonate
transporter are some of the pump proteins that make up this system. In addition to enzymes like
alkaline phosphatase, the canalicular membrane transporters aid in pumping chemicals into the
bile against concentration gradients. Moreover, there are microfilaments that constrict in order to
promote bile secretion through the canaliculi. The canalicular membrane only covers 1% of the
hepatocyte's surface area [11].

The transport proteins anchored in the apical canalicular region of hepatocytes are the primary
regulators of bile flow and bile composition. In order to pump organic solutes into bile despite
gradients of high concentrations of approximately 1:100 to 1:1000 compared to their
concentration in plasma, the majority of these canalicular membrane transporters, which are
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members of the ABC superfamily, must use ATP [12].

They are composed of the P-glycoprotein MDR1 (ABCB1), which transports organic cations;
Floppase MDR3 (ABCB4) transfers phosphatidylcholine to the canalicular membrane's outer
domain; The MRP2 [multispecific organic anion transporter (ABCC2)] pumps a number of
medications and other chemical conjugates as bilirubin digucuronide; the bile salt export pump,
(BSEP, ABCB11) which is bile salts transporter; the breast cancer resistance protein (BCRP,
ABCG?2), hetermeric transporters (ABCG5 and ABCGB8) excrete cholesterol and plant sterols
into bile [9].

Phosphatidylcholine (PC) and cholesterol make up the majority of the lipid components in bile.
Having values between 97 and 320 mg/dL and 140 to 810 mg/dL, respectively. Although the
canalicular membrane also contains phosphatidylethanolamine, sphingomyelin, and
phosphatidylserine, PC represents nearly all biliary phospholipids in bile A canalicular floppase
(MDR3 in humans) is required for PC secretion, which also depends on bile salt excretion.

There are two hypothesized methods for how PC is expelled into bile. The first is that PC enters
vesicles or cytosolic transport proteins that attach to the canalicular membrane, where it is
subsequently flipped to the outer leaflet by MDRS3. Bile salts discharged into the canalicular
lumen may directly increase PC extraction because the accumulation of PC on the outer side of
the canalicular membrane is intrinsically unstable. According to a different explanation, bile salts
operate to destabilise PC microdomains that have accumulated on the outside leaflet, causing
vesicles to first bud and then pinch off into bile. These hypotheses account for the findings that
MDR3 and bile salts are essential for phospholipid excretion [9].

Although the mechanism by which the heteromeric ABC transporters ABCG5/G8 result in the
extrusion of cholesterol is still unclear, evidence suggests that this process requires micelle-
forming bile salts rather than other cholesterol receptors such high-density lipoprotein (HDL)
[13].

Whereas Nieman-Pick-C2, a cholesterol-binding protein produced by the biliary system,
enhances biliary cholesterol secretion by boosting ABCG5/G8-mediated cholesterol transport,
Nieman-Pick C1-like 1 (NPC1L1) protein on the canalicular membrane inhibits cholesterol
excretion in bile [14]. It is possible that hepatic NPC1L1 regulates cholesterol homeostasis by
reducing NPC2 synthesis [15].

The most important risk factor for gallstone formation is thought to be increased biliary
cholesterol release as well as cholesterol supersaturation of the bile. Almost 2/3 of the daily
intestinal cholesterol input (800-1000 mg) in humans is eliminated through biliary cholesterol
excretion, which is carried out by the canalicular transporters ABCG5/G8. An additional 300 mg
is obtained through food [16].

Mechanism of gallstone formation:

Age, female gender, race, and lithogenic (LITH) genes are unmodifiable risk factors for gallstone
disease. Modifiable risk factors include obesity, insulin resistance, physical inactivity, and other
diseases. Gallstones are mostly made of cholesterol in 75-80% of instances in Western nations,
and they are frequently linked to broader systemic problems and the rest are pigment stones [17].

Gallstone development is not caused by a single risk factor; instead, interrelated disorders are
critical in the development of cholesterol gallstones: Gallbladder dysmotility, genetic factors,
hepatic hypersecretion of cholesterol, rapid phase transitions of cholesterol in bile, and altered
gut microbiota are some of the other factors. Intestinal factors include cholesterol absorption,
slow intestinal motility, and altered gut microbiota [18].
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Genetic factors:

The Swedish Twin Registry study on 43 141 twin pairs born between 1900 and 1958 presented
for the first time conclusive evidence for the role of genetic variables in humans [19]. Around
25% (95% confidence interval (Cl) = 9%-40%) of the phenotypic variation among twins was
caused by genetic variables, 13% (95% CI = 1%-25%) by common environmental factors (such
as childhood food), and 62% (95% CI = 56%-68%) by individual environmental factors [19].

The most significant gallstone risk factor is cholesterol supersaturation of bile. The ATP-
dependent hemitransporters ABCG5 and ABCG8, which are enmeshed in the hepatocanalicular
membrane of the hepatocyte, pump hydrophobic sterol compounds into bile [20].

In mixed micelles and vesicles made of bile acids and phosphatidylcholine, found in hepatic bile,
cholesterol is solubilized [21]. The phosphatidylcholine translocator ABCB4 and the bile salt
export pump ABCB11, respectively, allow these lipids to enter the bile [20]. When the ratio of
biliary cholesterol to bile salt and/or phosphatidylcholine is upset, mixed micelles can no longer
properly absorb cholesterol, and cholesterol will precipitate.

In humans, a variation of the hepatobiliary cholesterol transporter ABCG8 (p.D19H) was found
to be the most significant genetic risk factor for the development of gall stones [22]. The final
transport protein is changed from aspartic acid to histidine as a result of the mutation, which
causes the nucleotide guanine to be replaced by cytosine at position 55 (c.55G>C) (p.D19H).
The ABCGS8 gene's p.D19H variation is carried by around 5% of Europeans. The genetic link has
so far been confirmed in many international cohorts, including those from China [26][27], India
[25], Sweden [19], and Germany [22]. Hence, this genetic variation constitutes a widespread risk
factor for gallstones in the world [24].

Further GWAS meta-analysis susceptibility loci for gallstone disease were found, all of which
carry minimally elevated risk. These comprise a sulfo-conjugation enzyme for bile salts and
cholesterol 7-hydroxylase, the rate-limiting enzyme for the manufacture of bile salts (SULT21)
[28]. Besides these frequent variations, it has been shown that rare mutations in the ABCB4,
ABCBL11, CFTR (cystic fibrosis transmembrane conductance regulator, also known as ABCC7),
or the CYP7ALl gene might result in gallstones through impairing bile production and
composition.

NPC1L1 is responsible for absorbing cholesterol from the intestine. According to a Danish
study involving 67 385 members of the general population, NPC1L1 gene variations are linked
to lower plasma LDL cholesterol concentrations, which protect against ischemic vascular
illnesses, but also to a higher incidence of biliary stones [29]. Another study on the Chinese
population discovered that symptomatic gallstone carriers had a considerably greater minor allele
frequency of the p NPC1L1 polymorphism g.1679C>G (rs2072183) than did healthy controls.
Moreover, this modification was related to decreased hepatic NPC1L1 mRNA expression, which
brought to cholesterol supersaturation [30].

Gallstone sufferers in a particular subgroup who have low phospholipid-associated cholelithiasis
(LPAC) syndrome. Cholelithiasis at a young age (40 years), concomitant gallbladder, bile duct,
and/or intrahepatic cholesterol gallstones, and recurrence of biliary symptoms after
cholecystectomy are the hallmarks of LPAC syndrome [31]. LPAC syndrome is one of the
phenotypic spectrum of ABCB4 deficiency, which also results in severe cholestatic liver
disorders in children, and is brought on by mutations of the ABCB4 gene [20].

Bile's altered lipid components:

Gallstones made of cholesterol form when micelles and vesicles cannot dissolve the cholesterol
in supersaturated bile, which leads to the precipitation of solid cholesterol crystals mostly from
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multilamellar vesicles [32].

Insulin resistance, which increases 3-hydroxy-3-methylglutaryl coenzyme A reductase activity,
increases the risk of cholesterol gallstone formation and turning on the genes that cause
cholesterol secretion: both ABCG5 and ABCG8 [34]. Gallstone prevalence is likely to be high in
diabetes patients due to these molecular pathogenic pathways [35], as well as a condition called
gallbladder hypomotility and autonomic neuropathy [36]. Because oestrogen increases oestrogen
receptor and the G protein-coupled receptor 30 while lowering bile acid production, women get
more gallstones than men do [37,38].

Nuclear receptors such as the Farnesoid X receptor (FXR) and liver X receptor (LXR) function
as bile acid sensors and regulate crucial processes of cholesterol and bile acid metabolism. FXR
expression is impacted by hepatic insulin resistance [39], and because hepatic ABCG5 and
ABCGS are activated, biliary cholesterol release is increased when LXR is active [40]. Humans
can also express ABCG8 differently; for example, twins with the homozygous or heterozygous
ABCG8 D19H genotype have a higher risk of gallstone disease [41]. Moreover, the ABCG5
Q604E polymorphism was linked to the features of the insulin resistance syndrome in men [42].

Biliary aquaporins may have an impact on the function of bile concentrating (AQPs) [43].
According to Asai et al research [44], cholesterol gallstone development in the animal model is
enhanced by hepatic levels of the transcription factor hypoxia-inducible factor 1 subunit
(HIF1A). Suppression of hepatic AQP8 can have an impact on decreased water secretion from
hepatocytes. The same study also revealed that human gallstone patients with and without
nonalcoholic liver steatosis have activated HIF1A.

Intestinal cholesterol absorption change:

With varying degrees of effectiveness, the small intestine absorbs both dietary and released
biliary cholesterol [45]. The equilibrium between the influx and efflux of intracellular cholesterol
molecules across the brush border membrane of the enterocyte determines the expression of
sterol transport proteins, which are key intestinal components that are regulated by numerous
genes [45].

High intestinal cholesterol absorption efficiency and high cholesterol lithogenic diets are two
separate risk variables that affect cholesterol gallstone development in mice [46].

The aberration could be caused by altered cholesterol transporters expressed on enterocytes'
brush boundary membrane. With the different forms of the Niemann-Pick type C1-like protein
(NPC1L1) transporter, cholesterol uptake in animal models is hampered. [48]. By lowering
intestinal cholesterol absorption and lowering biliary cholesterol saturation, ezetimibe, a
powerful NPC1L1 selective inhibitor, lowers cholesterol absorption through the enterolymphatic
circulation of cholesterol. So, even when given a lithogenic diet, ezetimibe-treated gallstone-
prone animals do not develop cholesterol gallstones. [49].

Moreover, patients with gallstones exhibit greater or unaltered de novo production of cholesterol
and markedly decreased cholesterol absorption [50]. In risk groups, the development of
gallstones may be preceded by this metabolic profile. In addition, insulin resistance contributes
through influencing the homeostasis of cholesterol. It increases cholesterol production while
decreasing intestinal cholesterol absorption, and the impact is not reliant on obesity [50].

Included in maintaining cholesterol homeostasis is osteopontin (OPN), a soluble cytokine and
matrix-associated protein that is found in a variety of tissues and bodily fluids [51]. Due to
decreased intestine NPC1L1 expression and intestinal cholesterol absorption, Lin et al study
showed that OPN knockout mice are unaffected by a lithogenic diet [52].

Microbiota in the gut:
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The human gastrointestinal tract is home to 10**-10" bacteria, which are thought to outnumber
host cells by a factor of 10 to 1 [58]. An estimated 3.8+10"° bacteria are present in a 70 kilograms
male overall [59]. More than 1000 distinct bacterial species make up the gut microbiota [60], and
although they vary greatly between populations, a core microbiota made up of only several of
these bacterial species may be found in large cohorts of healthy people.

Concern over the microbiota and its correlation with disorders of the gut, especially those of the
liver and biliary system, has grown recently [61].

It's important to consider how the gut flora may affect the aetiology of cholesterol gallstones.

By comparing the bacterial composition of the gut, bile, and gallstones from 29 patients with
cholesterol gallstones to the gut of 38 healthy participants, Wu et al [53] studied the composition
of these microbial communities by examining 299 217 sequences of the 16S ribosomal RNA
gene from bacteria. Proteobacteria, a phylum of gut bacteria, were found to be significantly up,
whereas Faecalibacterium, Lachnospira, and Roseburia species were found to be significantly
down.

Increase in the content of the hydrophobic and lithogenic secondary bile acid deoxycholate is
explained by the presence of Gram-positive anaerobic bacteria with higher 7-dehydroxylation
activity in the cecum of gallstone patients, according to results of additional research [54].

Patients with a history of cholecystectomy had lower levels of the genus Roseburia spp. than do
controls. Moreover, the uncultivated genus Oscillospira spp. enriches the microbiota of gallstone
sufferers. While the phylum Bacteroidetes exhibits the reverse effect, this last genus has a
positive correlation with the concentration of the secondary bile acids and a negative correlation
with the primary bile acids [55].

In their work on mice, Wang et al reported dysbiosis in the form of decreased Firmicutes levels
and a decreased Firmicutes to Bacteroidetes ratio [56].

The microbiota can be impacted by environmental toxins that are consumed with food. This
action could affect the pathogenetic causes of gallstones. An aberrant gut microbiota can result
from an 8-week exposure to organochlorine pesticides such dichlorodiphenyldichloroethylene
(P,p'-DDE) and -hexachlorocyclohexane, according to Liu et al [57].

dysmotility of the gallbladder:

Gallbladder dysmotility, another risk factor for the development of cholesterol gallstones, is
connected to a number of clinical disorders [62,63,64].

Gallbladder emptying in patients with gallstones was delayed and had an expanded postprandial
residual volume, according to research on the relationship between fasting and postprandial
states [64,65].

The following abnormalities result from long-term supersaturation of cholesterol in bile:
absorption of cholesterol into the muscular layer of the gallbladder, decreased back diffusion of
cholesterol into bile, and inhibition of action potentials and Ca2+ ions [67].

Moreover, research on animals revealed that restricting the buildup of triacylglycerol in the
gallbladder wall boosts its contractile strength and inhibits the development of gallstones [68].

Inadequate smooth muscle relaxation and contractility are thought to be related to lipotoxicity of
gallbladder [69,70]. Moreover, high cholesterol absorption may lead to cell proliferation and
inflammatory cell infiltration in the gallbladder mucosa and lamina propria [64,73]. Gallbladder
dysmotility is a risk factor for gallstone recurrence even after successful extracorporeal shock-
wave lithotripsy and/or oral bile acid dissolution therapy [74,75], as it provides ample time for
the production of cholesterol nuclei and gallstone growth [76,77].

775
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

Reduced postprandial gallbladder emptying and accelerated cholesterol precipitation,
crystallisation, and gallstone development are observed in CCK mutant animals fed a lithogenic
diet. In addition, mice had larger gallbladder volumes when they weren't eating, longer transit
times through their intestines, and better intestinal cholesterol absorption from supersaturated
bile. Similar results are produced by the CCK-1R antagonist devazepide [78,79].

Cholecystokinin receptor genetic variations and a decrease in their density may be linked to
cholesterol cholelithiasis in humans [80,81].

Patients with gallstones have significantly less interstitial cells of Cajal (ICC), enteric glial cells,
mast cells, and other key cell types controlling gallbladder intrinsic innervations [82,83].

Gallbladder dysmotility, which causes cholesterol gallstones to form, involves the cyclic changes
in gallbladder size that occur when fasting and during the postprandial emptying and refilling
phase. Good gallbladder relaxation, mediated by duodenal release of vasoactive intestinal peptide
and human fibroblast growth factor 19 protein, is necessary for postprandial refilling (FGF19;
FGF15 in mice) [84]. With approximately 23-fold higher quantities in bile than in serum, FGF19
affects the ileum, cholangiocytes, and the gallbladder epithelium [85,86].

Bile acids must enter the terminal ileum and activate FXR before there can be an increase in
FGF19 entering the portal circulation. Fibroblast growth factor receptor 4 (FGFR4) and its co-
receptor B-klotho are subsequently activated by FGF19 [87]. This route promotes smooth muscle
relaxation, which results in gallbladder replenishment before to the next meal [64,84].

The G protein-coupled bile acid receptor 1 (GPBAR-1) found in the gallbladder epithelium and
smooth muscle [91] and which is stimulated by intraluminal hydrophobic bile acids [89] is
another factor in the relaxation of the gallbladder wall. This effect is independent of FGF19 [90].
Gallbladder smooth muscle contraction is prevented by hydrophobic bile acids through
stimulating GPBAR-1 receptors and opening an ATP-sensitive potassium channel [92]. The
amount of the bile acid pool is less in GPBAR-1 knockout mice, and they respond to GPBAR-1
slowly and affected by dietary lithogenesis [90].

By interacting neurohormonal systems involving the liver and intestines, the gallbladder
regulates the enterohepatic circulation of bile acids during periods of fasting [64,93]. Low
amplitude small phasic contractions produced by vagal-motilin stimulation cause a 20-30%
reduction in gallbladder volume compared to fasting. [94,95]. In contrast to healthy control
participants, cholesterol gallstone patients may have altered fasting gallbladder motility [74] as a
result of less effective propagating myoelectric complexes cycles and aberrant motilin release
[64,96]. With faster bile acid recycling and enhanced bile acid pool hydrophobicity, the fasting
motility deficit may increase the direct hepatic production of lithogenic bile to the small intestine
[97].

DIETARY FACTORS AND LIFESTYLES:

It has been noted that the high caloric, low fiber and high lipid westernized diet increases the
incidence of gallstone disease [98]. Gallstone disease was linked to high calorie, total fat,
saturated, and monounsaturated fatty acid diets, according to a case-control research using
questionnaires [99].

With a 7% increase in the prevalence of symptomatic gallstones with each unit increase in BMI,
increased BMI per se constitutes as a well documented risk factor for gallstone disease
(particularly in women) [100]. These modifications may have an impact on crucial stages in the
aetiology of cholesterol gallstones, such as biliary cholesterol supersaturation [101] and
gallbladder mucin production triggered by hypertriglyceridemia [102]. Additionally, individuals
who are overweight and obese frequently experience gallbladder dysmotility, which results in
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larger fasting gallbladder volumes and decreased postprandial gallbladder emptying, which
causes gallbladder stasis, a condition that is known to increase the risk of developing gallstones
[103,104].

Patients who are obese are more likely to develop gallstones after undergoing bariatric surgery,
such as the Roux-en-Y gastric bypass (RYGB) technique [108,109], or while rapidly losing
weight from very-low-calorie diets that contain less than 800 kcal per day [105-107].

The consumption of fast food at least once per week [100] and meat consumption [98] have been
identified as new risk factors for the symptomatic development of gallstones, and these dietary
factors also appear to have an impact on the likelihood of developing gallstone disease.
Moreover, consuming a lot of sweet foods and refined sugars may put both men and women at
risk for gallstone disease [110-112]. The mechanism entails hyperinsulinemia, elevated hepatic
cholesterol synthesis, and cholesterol release into bile [113,114], which results in biliary
cholesterol supersaturation [115]. These are the main pathogenic processes that lead to the
development of cholesterol gallstones.

A significant ultrasonographic investigation in pregnant women [116] has demonstrated the link
between a high carbohydrate and fructose intake and the development of gallstones. Compared to
women in the lowest quartile, women in the top quartile of total carbohydrate intake were more
likely to develop gallstones. An increased incidence of incident sludge/gallstones was associated
with a high diet of fructose, but not sucrose, lactose, or galactose, and this association was
unrelated to overall carbohydrate consumption [116].

Gallstone sufferers consume less fibre than healthy individuals [111], which may increase the
chance of developing cholesterol gallstones. Deoxycholic acid and lithocholic acid, which are
secondary (lithogenic) bile acids, are produced more frequently as a result of the process, which
may also have an adverse effect on intestinal motility [117,118]. Consuming fats with an animal
origin is also thought to have a harmful effect. Butter consumption and consumption of all
visible fat on meat were both positively linked with cholelithiasis [119]. Gallstone disease and
total and saturated fat intake have been linked in French individuals, according to research [120].

Since vitamin C facilitates the conversion of cholesterol into bile acids by liver 7-hydroxylation,
it modulates the hepatic and biliary pathways of cholesterol homeostasis. The likelihood of
developing cholesterol gallstones has been linked to a reduction in vitamin C consumption [121—
123].

Gallstone incidence was reported to be higher in people who consumed more beans [124,125].
The mechanism suggests a rise in biliary cholesterol secretion and a drop in serum total and very
low density lipoprotein cholesterol concentrations. The plant steroids saponins found in beans
promote the production and crystallisation of biliary cholesterol [126,127].

Conclusion:

Identifying and understanding the pathogenic risk factors of gall stone formation pave the way
for adopting certain measures for prevention of this prevalent and costly disease.

References

1-Everhart JE, Ruhl CE. Burden of digestive diseases in the United States Part I11: Liver, biliary tract,
and pancreas. Gastroenterology. 2009 Apr;136(4):1134-44. doi: 10.1053/j.gastro.2009.02.038.
Epub 2009 Feb 24. PMID: 19245868.

2- Farthing M, Roberts SE, Samuel DG, et al. Survey of digestive health across Europe: Final report.
Part 1: The burden of gastrointestinal diseases and the organisation and delivery of

777
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

gastroenterology services across Europe. United European Gastroenterol J. 2014;2(6):539-543.

3- Tanaka H, Imasato M, Yamazaki Y, et al. Claudin-3 regulates bile canalicular paracellular barrier
and cholesterol gallstone core formation in mice. J Hepatol. 2018;69(6):1308-1316.

4- Shabanzadeh DM, Sgrensen LT, Jorgensen T. Abdominal Symptoms and Incident Gallstones in a
Population Unaware of Gallstone Status. Can J Gastroenterol Hepatol. 2016;2016:9730687.

5- Wang, H.H.; Portincasa, P.; Afdhal, N.H.; Wang, D.Q. Lith genes and genetic analysis of
cholesterol gallstone formation.

Gastroenterol. Clin. 2010, 39, 185-207. [CrossRef]

6- Grundy SM. Cholesterol gallstones: a fellow traveler with metabolic syndrome?. Am J Clin Nutr.
2004;80(1):1-2.

7- Albert, D., Block, A., Bruce, B., Haines, D., McCloskey, L., Mitchell, R., ... & Telser, A. (2012).
Dorland’s illustrated medical dictionary.

8-Standring, S., Borley, N. R., & Gray, H. (2008). Gray's anatomy: the anatomical basis of
clinical practice. 40th ed., anniversary ed. [Edinburgh], Churchill Livingstone/Elsevier.

9- Boyer JL. Bile formation and secretion. Compr Physiol. 2013;3(3):1035-1078.
doi:10.1002/cphy.c120027

10- Dosch AR, Imagawa DK, Jutric Z. Bile Metabolism and Lithogenesis: An Update. Surg Clin North
Am. 2019;99(2):215-229.

11- Nicolaou M, Andress EJ, Zolnerciks JK, Dixon PH, Williamson C, Linton KJ. Canalicular ABC
transporters and liver disease. J Pathol. 2012;226(2):300-315.

12- Arias IM, Che M, Gatmaitan Z, Leveille C, Nishida T, St Pierre M. The biology of the bile
canaliculus, 1993. Hepatology. 1993;17(2):318-329.

13- Vrins C, Vink E, Vandenberghe KE, Frijters R, Seppen J, Groen AK. The sterol transporting
heterodimer ABCG5/ABCG8 requires bile salts to mediate cholesterol efflux. FEBS Lett.
2007;581(24):4616-4620.

14- Yamanashi Y, Takada T, Yoshikado T, Shoda J, Suzuki H. NPC2 regulates biliary cholesterol
secretion via stimulation of ABCG5/G8-mediated cholesterol transport. Gastroenterology.
2011;140(5):1664-1674.

15- Yamanashi Y, Takada T, Shoda J, Suzuki H. Novel function of Niemann-Pick C1-like 1 as a
negative regulator of Niemann-Pick C2 protein. Hepatology. 2012;55(3):953-964.

16- Wang DQ. Regulation of intestinal cholesterol absorption. Annu Rev Physiol. 2007;69:221-248.

17- Grundy SM. Cholesterol gallstones: a fellow traveler with metabolic syndrome?. Am J Clin Nutr.
2004;80(1):1-2.

18- Di Ciaula A, Wang DQ, Portincasa P. An update on the pathogenesis of cholesterol gallstone
disease. Curr Opin Gastroenterol. 2018;34(2):71-80.

19- Katsika D, Magnusson P, Krawczyk M, et al. Gallstone disease in Swedish twins: risk is
associated with ABCG8 D19H genotype. J Intern Med. 2010; 268: 279- 285.

20- Hirschfield GM, Chapman RW, Karlsen TH, Lammert F, Lazaridis KN, Mason AL. The genetics
of complex cholestatic disorders. Gastroenterology. 2013;144:1357-1374

21-Wang DQH, Cohen DE, Carey MC. Biliary lipids and cholesterol gallstone disease. J Lipid Res.
2009;50:5406-5411

778
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

22-Buch S, Schafmayer C, Volzke H, et al. A genome-wide association scan identifies the hepatic
cholesterol transporter ABCG8 as a susceptibility factor for human gallstone disease. Nat Genet.
2007;39:995-999.

23-Stender S, Frikke-Schmidt R, Nordestgaard BG, Tybjaerg-Hansen A. Sterol transporter adenosine
triphosphate-binding cassette transporter G8, gallstones, and biliary cancer in 62 000 individuals
from the general population. Hepatology. 2011;53:640-648.

24-Krawczyk M, Wang DQH, Portincasa P, Lammert F. Dissecting the genetic heterogeneity of
gallbladder stone formation. Semin Liver Dis. 2011;31:157-172.

25-Siddapuram SP, Mahurkar S, Duvvuru NR, et al. Hepatic cholesterol transporter ABCG8
polymorphisms in gallstone disease in an Indian population. J Gastroenterol Hepatol.
2010;25:1093-1098.

26-Kuo KK, Shin SJ, Chen ZC, Yang YH, Yang JF, Hsiao PJ. Significant association of ABCG5 604Q
and ABCG8 D19H polymorphisms with gallstone disease. Br J Surg. 2008;95:1005-1111.

27-Xu HL, Cheng JR, Andreotti G, et al. Cholesterol metabolism gene polymorphisms and the risk of
biliary tract cancers and stones: a population-based case-control study in Shanghai, China.
Carcinogenesis. 2011;32:58-62.

28-Joshi AD, Andersson C, Buch S, et al. Four susceptibility loci for gallstone disease identified in a
meta-analysis of genome-wide association studies. Gastroenterology. 2016;151(351-363):e28.

29-Lauridsen BK, Stender S, Frikke-Schmidt R, Nordestgaard BG, Tybjerg-Hansen A. Genetic
variation in the cholesterol transporter NPC1L1, ischaemic vascular disease, and gallstone
disease. Eur Heart J. 2015;36:1601-1608

30- Wu J, Cui W, Cai Q, et al. The NPC1L1 polymorphism 1679C>G is associated with gallstone
disease in Chinese patients. PLoS One. 2016;11:e0147562.

31- Poupon R, Rosmorduc O, Boélle PY, et al. Genotype-phenotype relationships in the low-
phospholipid-associated cholelithiasis syndrome: a study of 156 consecutive patients.
Hepatology. 2013;58:1105-1110.

32-Wang DQH, Portincasa P, editors. Gallstones. Recent advances in epidemiology, pathogenesis,
diagnosis and management, 1st ed. New York, NY: Nova Science Publisher Inc.; 2017. 1-676.

33- Nepokroeff CM, Lakshmanan MR, Ness GC, et al. Regulation of the diurnal rhythm of rat liver
beta-hydroxy-beta-methylglutaryl coenzmye A reductase activity by insulin, glucagon, cyclic AMP
and hydrocortisone. Arch Biochem Biophys 1974; 160:387-396

34-Lammert, FGurusamy K, Ko CW, et al. Gallstones. Nat Rev Dis Primers 2016; 2:16024.

35-Biddinger SB, Haas JT, Yu BB, et al. Hepatic insulin resistance directly promotes formation of
cholesterol gallstones. Nat Med 2008; 14:778-782

36-Palasciano G, Portincasa P, Belfiore A, et al. Gallbladder volume and emptying in diabetics: the
role of neuropathy and obesity. J Intern Med 1992; 231:123-127.

37-de Bari O, Wang TY, Liu M, et al. Estrogen induces two distinct cholesterol crystallization
pathways by activating ERalpha and GPR30 in female mice. J Lipid Res 2015; 56:1691-1700.

38-Wang HH, Liu M, Clegg DJ, et al. New insights into the molecular mechanisms underlying effects
of estrogen on cholesterol gallstone formation. Biochim Biophys Acta 2009; 1791:1037-1047.

39-Modica S, Gadaleta RM, Moschetta A. Deciphering the nuclear bile acid receptor FXR paradigm.
Nucl Recep Signal 2010; 8:e005.

779
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

40-Uppal H, Zhai Y, Gangopadhyay A, et al. Activation of liver X receptor sensitizes mice to
gallbladder cholesterol crystallization. Hepatology 2008; 47:1331-1342.

41-Katsika D, Magnusson P, Krawczyk M, et al. Gallstone disease in Swedish twins: risk is associated
with ABCG8 D19H genotype. J Intern Med 2010; 268:279-285.

42- Gylling H, Hallikainen M, Pihlajamaki J, et al. Polymorphisms in the ABCG5 and ABCG8 genes
associate with cholesterol absorption and insulin sensitivity. J Lipid Res 2004; 45:1660-1665.

43-van Erpecum KJ, Wang DQ, Moschetta A, et al. Gallbladder histopathology during murine
gallstone formation: relation to motility and concentrating function. J Lipid Res 2006; 47:32-41.

44-Asai Y, Yamada T, Tsukita S, et al. Activation of the hypoxia inducible factor 1a subunit pathway
in steatotic liver contributes to formation of cholesterol gallstones. Gastroenterology 2017;
152:1521.e8-1535.€8.

45-Wang DQ. Regulation of intestinal cholesterol absorption. Ann Rev Physiol 2007; 69:221-248.

46-Kesaniemi YA, Ehnholm C, Miettinen TA. Intestinal cholesterol absorption efficiency is related to
apoprotein E phenotype. J Clin Invest 1987; 80: 578-581.

47-Wang DQ, Zhang L, Wang HH. High cholesterol absorption efficiency and rapid biliary secretion
of chylomicron remnant cholesterol enhance cholelithogenesis in gallstone-susceptible mice.
Biochim Biophys Acta 2005; 1733:90-99.

48-Wang LJ, Wang J, Li N, et al. Molecular characterization of the NPC1L1 variants identified from
cholesterol low absorbers. J Biol Chem 2011; 286:7397-7408.

49-Wang HH, Portincasa P, Mendez-Sanchez N, et al. Effect of ezetimibe on the prevention and
dissolution of cholesterol gallstones. Gastroenterology 2008; 134:2101-2110.

50-Krawczyk M, Lutjohann D, Schirin-Sokhan R, et al. Phytosterol and cholesterol precursor levels
indicate increased cholesterol excretion and biosynthesis in gallstone disease. Hepatology 2012;
55:1507-1517.

51-Takemoto M, Tada K, Nakatsuka K, et al. Effects of aging and hyperlipidemia on plasma
osteopontin level. Nihon Ronen Igakkai zasshi 1999; 36: 799-802.

52-Lin J, Shao WQ, Chen QZ, et al. Osteopontin deficiency protects mice from cholesterol gallstone
formation by reducing expression of intestinal NPC1L1. Mol Med Rep 2017; 16:1785-1792.

53-Wu T, Zhang Z, Liu B, et al. Gut microbiota dysbiosis and bacterial community assembly
associated with cholesterol gallstones in large-scale study. BMC Genomics 2013; 14:669.

54-Thomas LA, Veysey MJ, Murphy GM, et al. Octreotide induced prolongation of colonic transit
increases faecal anaerobic bacteria, bile acid metabolising enzymes, and serum deoxycholic acid
in patients with acromegaly. Gut 2005; 54:630-635.

55-Keren N, Konikoff FM, Paitan Y, et al. Interactions between the intestinal microbiota and bile
acids in gallstones patients. Environ Microbiol Rep 2015; 7:874-880.

56-Wang Q, Jiao L, He C, et al. Alteration of gut microbiota in association with cholesterol gallstone
formation in mice. BMC Gastroenterol 2017; 17:74.

57-Liu Q, Shao W, Zhang C, et al. Organochloride pesticides modulated gut microbiota and
influenced bile acid metabolism in mice. Environ Pollut 2017; 226:268-276.

58-Ganji L, Alebouyeh M, Shirazi MH, Eshraghi SS, Mirshafiey A, Ebrahimi Daryani N, et al.
Dysbiosis of fecal microbiota and high frequency of Citrobacter, Klebsiella spp and
Actinomycetes in patients with irritable bowel syndrome and gastroenteritis. Gastroenterol

780
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

Hepatol Bed Bench. 2016;9:325-330.

59-Jahani-Sherafat S, Alebouyeh M, Moghim Sh, Ahmadi Amoli H, GhasemianSafaei H. Role of gut
microbiota in the pathogenesis of colorectal cancer; a review article. Gastroenterol Hepatol Bed
Bench. 2018;11:101-1009.

60-Rezasoltani S, Asadzadeh-Aghdaei H, Nazemalhosseini-Mojarad E, Dabiri H, Ghanbari R, Zali
MR. Gut microbiota, epigenetic modification and colorectal cancer. Iran J Microbiol. 2017;9:55-
63.

61-Saltykova 1V, Petrov VA, Logacheva MD, Ivanova PG, Merzlikin NV, Sazonov AE, et al. Biliary
Microbiota. Gallstone Disease and Infection with Opisthorchis felineus. PLoS Negl Trop Dis.
2016;10:e00048009.

62-Portincasa P, Moschetta A, Palasciano G. Cholesterol gallstone disease. Lancet 2006; 368:230—
239.

63-Portincasa P, Di Ciaula A, Palmieri VO, et al. Ultrasonographic study of gallbladder and gastric
dynamics in obese people after oral cholestyramine. Dordrecht: Kluwer Academic Publisher;
1994. 323-327.

64-Portincasa P, Di Ciaula A, Wang HH, et al. Coordinate regulation of gallbladder motor function
in the gut-liver axis. Hepatology 2008; 47: 2112-2126.

65-Portincasa P, Di Ciaula A, Baldassarre G, et al. Gallbladder motor function in gallstone patients:
sonographic and in vitro studies on the role of gallstones, smooth muscle function and
gallbladder wall inflammation. J Hepatol 1994; 21:430—440.

66-van Erpecum KJ, van Berge Henegouwen GP, Stolk MF, et al. Fasting gallbladder volume,
postprandial emptying and cholecystokinin release in gallstone patients and normal subjects. J
Hepatol 1992; 14:194-202.

67-Jennings LJ, Xu QW, Firth TA, et al. Cholesterol inhibits spontaneous action potentials and
calcium currents in guinea pig gallbladder smooth muscle. Am J Physiol 1999; 277:G1017—
G1026.

68-Tharp KM, Khalifeh-Soltani A, Park HM, et al. Prevention of gallbladder hypomotility via FATP2
inhibition protects from lithogenic diet-induced cholelithiasis. Am J Physiol Gastrointest Liver
Physiol 2016; 310: G855-G864.

69-Conter RL, Roslyn JJ, Porter-Fink V, DenBesten L. Gallbladder absorption increases during early
cholesterol gallstone formation. Am J Surg 1986; 151:184-191.

70-Ginanni Corradini S, Elisei W, Giovannelli L, et al. Impaired human gallbladder lipid absorption
in cholesterol gallstone disease and its effect on cholesterol solubility in bile. Gastroenterology
2000; 118:912-920.

71-Amaral J, Xiao ZL, Chen Q, et al. Gallbladder muscle dysfunction in patients with chronic
acalculous disease. Gastroenterology 2001; 120:506-511.

72-Chen Q, Amaral J, Oh S, et al. Gallbladder relaxation in patients with pigment and cholesterol
stones. Gastroenterology 1997; 113:930-937.

73-Wang HH, Portincasa P, Wang DQ. Molecular pathophysiology and physical chemistry of
cholesterol gallstones. Front Biosci 2008; 13:401-423

74-Portincasa P, Di Ciaula A, vanBerge-Henegouwen GP. Smooth muscle function and dysfunction in
gallbladder disease. Curr Gastroenterol Rep 2004; 6:151-162.

781
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

75-Lavoie B, Nausch B, Zane EA, et al. Disruption of gallbladder smooth muscle function is an early
feature in the development of cholesterol gallstone disease. Neurogastroenterol Motil 2012;
24:e313-e324.

76-Portincasa P, van Erpecum KJ, van De Meeberg PC, et al. Apolipoprotein E4 genotype and
gallbladder motility influence speed of gallstone clearance and risk of recurrence after
extracorporeal shock-wave lithotripsy. Hepatology 1996; 24:580-587.

77-Pauletzki J, Althaus R, Holl J, et al. Gallbladder emptying and gallstone formation: a prospective
study on gallstone recurrence. Gastroenterology 1996; 111:765-771.

78-Wang HH, Liu M, Portincasa P, et al. Lack of endogenous cholecystokinin promotes
cholelithogenesis in mice. Neurogastroenterol Motil 2016; 28:364-375.

79-Wang HH, Portincasa P, Wang DQ. The cholecystokinin-1 receptor antagonist devazepide
increases cholesterol cholelithogenesis in mice. Eur J Clin Invest 2016; 46:158-169.

80-Miyasaka K, Takata Y, Funakoshi A. Association of cholecystokinin A receptor gene polymorphism
with cholelithiasis and the molecular mechanisms of this polymorphism. J Gastroenterol 2002;
37(Suppl 14):102-106.

81-Zhu J, Han TQ, Chen S, et al. Gallbladder motor function, plasma cholecystokinin and
cholecystokinin receptor of gallbladder in cholesterol stone patients. World J Gastroenterol
2005; 11:1685-1689.

82-Villanacci V, Del Sordo R, Salemme M, et al. The enteric nervous system in patients with
calculous and acalculous gallbladder. Dig Liver Dis 2016; 48:792—795.

83-Tan YY, Ji ZL, Zhao G, et al. Decreased SCF/c-kit signaling pathway contributes to loss of
interstitial cells of Cajal in gallstone disease. Int J Clin Exp Med 2014; 7:4099-4106.

84-Choi M, Moschetta A, Bookout AL, et al. Identification of a hormonal basis for gallbladder filling.
Nat Med 2006; 12:1253-1255.

85-Barrera F, Azocar L, Molina H, et al. Effect of cholecystectomy on bile acid synthesis and
circulating levels of fibroblast growth factor 19. Ann Hepatol 2015; 14:710-721.

86-Zweers SJ, Booij KA, Komuta M, et al. The human gallbladder secretes fibroblast growth factor 19
into bile: towards defining the role of fibroblast growth factor 19 in the enterobiliary tract.
Hepatology 2012; 55:575-583.

87- Housset C, Chrétien Y, Debray D, Chignard N. Functions of the Gallbladder. Compr Physiol
2016; 6:1549-1577.

89-Maruyama T, Miyamoto Y, Nakamura T, et al. Identification of membrane-type receptor for bile
acids (M-BAR). Biochem Biophys Res Commun 2002; 298:714-719.

90-Li T, Holmstrom SR, Kir S, et al. The G protein-coupled bile acid receptor, TGR5, stimulates
gallbladder filling. Mol Endocrinol 2011; 25:1066-1071.

91-Keitel V, Cupisti K, Ullmer C, et al. The membrane-bound bile acid receptor TGR5 is localized in
the epithelium of human gallbladders. Hepatology 2009; 50:861-870.

92-Lavoie B, Balemba OB, Godfrey C, et al. Hydrophobic bile salts inhibit gallbladder smooth muscle
function via stimulation of GPBARL1 receptors and activation of KATP channels. J Physiol 2010;
588:3295-3305.

93-Shaffer EA, Small DM. Biliary lipid secretion in cholesterol gallstone disease. The effect of
cholecystectomy and obesity. J Clin Invest 1977; 59:828-840.

782
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

94-Luiking YC, Peeters TL, Stolk MF, et al. Motilin induces gall bladder emptying and antral
contractions in the fasted state in humans. Gut 1998; 42: 830-835.

95-Portincasa P, Peeters TL, van Berge-Henegouwen GP, et al. Acute intra-duodenal bile salt
depletion leads to strong gallbladder contraction, altered antroduodenal motility and high plasma
motilin levels in humans. Neurogastroenterol Motil 2000; 12:421-430.

96-Stolk MF, Van Erpecum KJ, Peeters TL, et al. Interdigestive gallbladder emptying, antroduodenal
motility, and motilin release patterns are altered in cholesterol gallstone patients. Dig Dis Sci
2001; 46:1328-1334.

97-vanBerge-Henegouwen GP, Venneman NG, Portincasa P, et al. Relevance of hereditary defects in
lipid transport proteins for the pathogenesis of cholesterol gallstone disease. Scand J
Gastroenterol Suppl 2004; 60—69.

98-Tsunoda K; Shirai Y; Hatakeyama K Prevalence of cholesterol gallstones positively correlates
with per capita daily calorie intake. Hepatogastroenterology, 2004, 51, 1271-1274.

99-Bertola Compagnucci A; Perroud HA; Batalles SM; Villavicencio R; Brasca A; Berli D; Pezzotto
SM A nested case-control study on dietary fat consumption and the risk for gallstone disease. J
Hum Nutr Diet, 2016, 29, 338-344.

100-Stender S; Nordestgaard BG; Tybjaerg-Hansen A Elevated body mass index as a causal risk
factor for symptomatic gallstone disease: a Mendelian randomization study. Hepatology, 2013,
58, 2133-2141.

101-Stahlberg D; Rudling M; Angelin B; Bjorkhem I; Forsell P; Nilsell K; Einarsson K Hepatic
cholesterol metabolism in human obesity. Hepatology, 1997, 25, 1447-1450.

102-Mingrone G; Greco AV; Finotti E; Passi S Free fatty acids: a stimulus for mucin hypersecretion
in cholesterol gallstone biles. Biochim Biophys Acta, 1988, 958, 52-59.

103- Di Ciaula A; Wang DQ; Portincasa P Gallbladder and gastric motility in obese newborns, pre-
adolescents and adults. J Gastroenterol Hepatol, 2012, 27, 1298-1305.

104-Mathus-Vliegen EM; Van lerland-Van Leeuwen ML; Terpstra A Determinants of gallbladder
kinetics in obesity. Dig Dis Sci, 2004, 49, 9-16.

105-Shiffman ML; Kaplan GD; Brinkman-Kaplan V; Vickers FF Prophylaxis against gallstone
formation with ursodeoxycholic acid in patients participating in a very-lowcalorie diet program.
Ann Intern Med, 1995, 122, 899-905.

106-Kamrath RO; Plummer LJ; Sadur CN; Adler MA; Strader WJ; Young RL; Weinstein RL
Cholelithiasis in patients treated with a very-low-calorie diet. Am J Clin Nutr, 1992, 56, 2555—
2578S.

107-Liddle RA; Goldstein RB; Saxton J Gallstone formation during weight-reduction dieting. Arch
Intern Med, 1989, 149, 1750-1753.

108-Yang H; Petersen GM; Roth MP; Schoenfield LJ; Marks JW Risk factors for gallstone formation
during rapid loss of weight. Dig Dis Sci, 1992, 37, 912-918.

109-Broomfield PH; Chopra R; Sheinbaum RC; Bonorris GG; Silverman A; Schoenfield LJ; Marks
JW Effects of ursodeoxycholic acid and aspirin on the formation of lithogenic bile and gallstones
during loss of weight [see comments]. N.Engl.J.Med, 1988, 319, 1567-1572

110-Scragg RK; McMichael AJ; Baghurst PA Diet, alcohol, and relative weight in gall stone disease:
a case-control study. Br Med J (Clin Res Ed), 1984, 288, 1113-1119.

783
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

111-Ortega RM; Fernandez-Azuela M; Encinas-Sotillos A; Andres P; Lopez-Sobaler AM Differences
in diet and food habits between patients with gallstones and controls. J Am Coll Nutr, 1997, 16,
88-95.

112-Mathur A; Megan M; Al-Azzawi HH; Lu D; Swartz-Basile DA; Nakeeb A; Pitt HA High dietary
carbohydrates decrease gallbladder volume and enhance cholesterol crystal formation. Surgery,
2007, 141, 654-659.

113-Bennion LJ; Grundy SM Risk factors for the development of cholelithiasis in man (second of two
parts). N.Engl.J Med, 1978, 299, 1221-1227.

114-Scragg RK; Calvert GD; Oliver JR Plasma lipids and insulin in gall stone disease: a case-control
study. Br Med J (Clin Res Ed), 1984, 289, 521-525.

115-Thornton JR; Emmett PM; Heaton KW Diet and gall stones: effects of refined and unrefined
carbohydrate diets on bile cholesterol saturation and bile acid metabolism. Gut, 1983, 24, 2—6.

116-Wong AC; Ko CW Carbohydrate intake as a risk factor for biliary sludge and stones during
pregnancy. J Clin Gastroenterol, 2013, 47, 700-705.

117-Heaton KW; Emmett PM; Symes CL; Braddon FEM An explanation for gallstones in normal-
weight woman: slow intestinal transit. Lancet, 1993, 341, 8-10.

118-Marcus SN; Heaton KW Intestinal transit, deoxycholic acid and the cholesterol saturation of bile:
three inter-related factors. Gut, 1986, 27, 550-558.

119-Linos AD; Daras V; Linos DA; Kekis V; Tsoukas MM; Golematis V Dietary and Other Risk
Factors in The Aetiology of Cholelithiasis: A Case Control Study. HPB Surgery, 1989, 1, 221—
227.

120-Caroli-Bosc FX; Deveau C; Peten EP; Delabre B; Zanaldi H; Hebuterne X; Hastier P; Viudes F;
Belanger F; Caroli-Bosc C; Harris A; Hardion M; Rampal P; Delmont JP Cholelithiasis and
dietary risk factors: an epidemiologic investigation in Vidauban, Southeast France. General
Practitioner’s Group of Vidauban. Dig Dis Sci, 1998, 43, 2131-2137.

121-Ginter E Cholesterol: vitamin C controls its transformation to bile acids. Science, 1973, 179,
702—-704.

122-Ginter E Chenodeoxycholic acid, gallstones and vitamin C. N Engl J Med, 1976, 295, 1260-1261.

123-Simon JA; Hudes ES Serum ascorbic acid and gallbladder disease prevalence among US adults:
the Third National Health and Nutrition Examination Survey (NHANES III). Arch.Intern.Med,
2000, 160, 931-936.

124-Rigotti A; Marzolo MP; Ulloa N; Gonzalez O; Nervi F Effect of bean intake on biliary lipid
secretion and on hepatic cholesterol metabolism in the rat. J Lipid Res, 1989, 30, 1041-1048.

125-Nervi F; Covarrubias C; Bravo P; Velasco N; Ulloa N; Cruz F; Fava M; Severin C; Del Pozo R;
Antezana C; et al. Influence of legume intake on biliary lipids and cholesterol saturation in young
Chilean men. Identification of a dietary risk factor for cholesterol gallstone formation in a highly
prevalent area. Gastroenterology, 1989, 96, 825-830.

126-Duane WC Effects of legume consumption on serum cholesterol, biliary lipids, and sterol
metabolism in humans. J Lipid Res, 1997, 38, 1120-1128.

127-Mendez-Sanchez N; Zamora-Valdes D; Chavez-Tapia NC; Uribe M Role of diet in cholesterol
gallstone formation. Clin Chim Acta, 2007, 376, 1-8

784
Eur. Chem. Bull. 2023,12(1), 769-785



New Insight into Genetic and non genetic Pathogenic Mechanisms Underlying Gallstone
Formation Section A-Research paper

785
Eur. Chem. Bull. 2023,12(1), 769-785



