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Abstract:

The basic role of the gallbladder in a human is a protective. The gallbladder decreases the
formation of the secondary hydrophobic toxic bile acids (deoxycholic and lithocholic acids) by ac-
cumulating the primary bile acids (cholic and chenodeoxycholic acids) in the gallbladder, thus re-
ducing their concentration in gallbladder-independent enterohepatic circulation and protecting the
liver, the mucosa of the stomach, the gallbladder, and the colon from their effect. In mammals the
presence or absence of the gallbladder is determined by the synthesis of hydrophobic or hydro-
philic bile acids, respectively. Since the gallbladder is contracted in 5-20 minutes after food is
available in a stomach, and “the gastric chyme” moves from the stomach into the duodenum only
1-3 hours later, the role of the gallbladder bile in digestion may be insignificant.
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Abbreviations: ACAT = acyl-coenzyme A:cholesterol-O-acyltransferase; BA = bile acids; CDCA
chenodeoxycholic acid; Ch = cholesterol; ChA = cholesterol anhydrous; ChE = cholesterol esters; CGD
cholesterol gallstone disease; ChM = cholesterol monohydrate; CSI = cholesterol saturation index; CA =
cholic acid; CMR = chylomicrons remnants; DCA = deoxycholic acid; HA = hepatic artery; HV = hepatic vein;
HDL = high density lipoprotein; HDL-Ch = high density lipoprotein cholesterol; HMG-CoA = 3-hydroxy-3-
methylglutaryl coenzyme A reductase; HCA = hyocholic acid; HDCA = hyodeoxycholic acid; LCA = litho-
cholic acid; LD = lymphatic duct; LDL = low density lipoprotein; LDL-Ch = low density lipoprotein cholesterol;
MCA = muricholic acid; MDCA = murideoxycholic acid; PV = portal vein; TCh = total cholesterol; VLDL =
very low density lipoprotein; VLDL-Ch = very low density lipoprotein cholesterol; UDCA = ursodeoxycholic
acid.

1. The influence of the functions of the gallbladder on the process of gallbladder bile formation

and enterohepatic circulation

Functions of the gallbladder

The prevalent point of view is that gallbladder is not essential for life [1]. The gallbladder has
the absorption, concentration, secretion, and evacuation functions [2, 3]. The absorption and con-
centration functions are interdependent. The absorption function of the gallbladder includes the
absorption of water, Na*, cholesterol, phospholipids, hydrophilic proteins, etc [4-14]. Since the ab-
sorption of the bile acids by the gallbladder mucosa is 2-6% of the total concentration in the gall-
bladder bile, the concentration function of the gallbladder consists in the accumulation of bile acids
of hepatic bile in the gallbladder [10-12, 15, 16]. The secretion function of the gallbladder includes
the secretion of glycoprotein mucin by the gallbladder mucosa, H* ions, CI~ and probably immu-
noglobulins and Ca** [5, 17-23].

Conceptual model of gallbladder bile formation

Considering the fact that the detailed structuring of the process of hepatic bile entering the
gallbladder has not been worked out, we have introduced two new terms into practice: the “active”
and “passive” passages of the hepatic bile. The “active” passage depends on the ejection volume
of the gallbladder after meal or during the interdigestive period. The “passive” passage is con-
nected with the rate of water absorption in the gallbladder. Hence the rate of the hepatic bile enter-
ing the gallbladder contains both the “active” and the “passive” passages. During the “active” pas-
sage only one volume (out of 6-9) of the hepatic bile enters versus 5-8 volumes during the “pas-
sive” passage. The rate of hepatic bile entering the gallbladder depends on the absorption rate of
water by the gallbladder mucosa (r=+0.99, p<0.001) [24]. The absorption rate of water by the gall-
bladder mucosa is up to 100-250 pl/min; sometimes it may increases up to 500 pl/min [4]. The rate
of hepatic bile entering the gallbladder is 75% of the basal secretion of hepatic bile [24]. It is indi-
rectly confirmed by the fact that 78+10% of bile acids from their total pool is accumulated in the
gallbladder [25]. The concentration of total bile acids in the gallbladder bile depends on the rate of
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bile acids of hepatic bile entering the gallbladder (r=+0.87, p<0.001) [24]. Detailed structuring of the
process of hepatic bile entering the gallbladder suggests that 83-89% of the bile acids, contained in
gallbladder bile, enters during the “passive” passage, and only 11-17% of bile acids — during the
“active” passage. Hence, the “passive” passage of hepatic bile into the gallbladder plays an impor-
tant role in the mechanism of gallbladder bile formation (fig. 1.a).
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Fig. 1. Process of gallbladder bile formation in healthy humans on the data of dynamic intravenous
cholecystography. (a) in 15-20 minutes after intravenous instillation of contrast; (b) in 30-40 minutes
after intravenous instillation of contrast; (c) in 1.5-2.0 hours after intravenous instillation of contrast;
(d) in 2.5-3.0 hours after intravenous instillation of contrast. 1 = Contrasting unconcentrated hepatic
bile; 2 = uncontrasting concentrated gallbladder bile; 3 = contrasting concentrated gallbladder bile.

Normally the process of the gallbladder filling after the intravenous introduction of X-ray con-
trast is characterized by some regular features [26]. During the first 15-20 minutes the gallbladder
bile has two layers: the upper contrasting and the low uncontrasting (fig. 1.a). The legible border
between them is situated horizontally. During the 30-40th minute the upper layer contrasting bile
near the wall thickens, its density grows because of the presence of iodine heavy atoms and ex-
ceeds the density of the uncontrasting concentrated bile. Besides, the “heavy” layers of the con-
trasting bile begins to trickle down along the walls, as if flowing round the uncontrasting concen-
trated bile, and accumulate at the fundus (fig. 1.b). The gallbladder shadow becomes three-
layered: the contrasting, but unconcentrated bile above, the concentrated, but uncontrasting bile
underneath and the contrasting and concentrated bile after the lower part of gallbladder. The
boundary between them is legible and it does not change if a patient moves. The quantity of the
concentrated contrasting bile at the fundus of the gallbladder increases gradually, and the upper
boundary of the lower layer rises (fig. 1.c). The gallbladder shadow gains homogeneity 2.5-3.0
hours after the moment of the contrast introduction (fig. 1.d) [26].
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Therefore, in a fasting state at night period or an interdigestive state the absorption of water
by the infundibulum mucosa of the gallbladder plays the leading role in gallbladder bile formation
(unpublished data).

Mechanism of gallbladder bile formation

Two points in the process of gallbladder bile formation should be distinguished: 1) in a fasting
stomach; 2) after postprandial gallbladder emptying [24]. The absorbing and concentrating func-
tions determine the mechanism of the gallbladder bile formation.

The rate of biliary cholesterol absorption by the gallbladder mucosa depends on the concen-
tration of the cholesterol in the gallbladder bile (r= +0.60, p<0.001) [7-9]. Taking into account the
fact that the mixed (bile acids-phospholipid-cholesterol) micelles are not absorbed by the gallblad-
der mucosa, cholesterol can be absorbed as monomers or with phospholipid vesicles [7-12, 24,
27-29]. The solubility of anhydrous cholesterol monomers in water is 0.013 nmol/ml, in the intermi-
cellar phase — 0.260 nmol/ml, while in phospholipid vesicles — 5.5 umol/ml [30-37]. Therefore, ac-
cording to the solubility of anhydrous cholesterol, it will be absorbed with the phospholipid vesicles
to a greater degree (99.9%). The phospholipid vesicles can be absorbed by the gallbladder mu-
cosa in different ways [7-12, 24, 27-29]. Therefore, the greater is the absorption of vesicular cho-
lesterol by the gallbladder mucosa; the lower is the concentration of the cholesterol in the phos-
pholipid vesicles of the gallbladder bile.

The concentration function of the gallbladder consists in the accumulation of the bile acids of
the hepatic bile in the gallbladder; it depends on the rate of bile acids of the hepatic bile entering
the gallbladder and the rate of water absorption by the gallbladder mucosa, and it also determines
the concentration of the total bile acids and the formation of mixed biliary micelles in the gallblad-
der bile. In hepatic bile 40-80% of biliary cholesterol is in phospholipid vesicles and 20-60% of it is
in mixed biliary micelles [35-37]. The gallbladder, concentrating the bile acids, forms mixed biliary
micelles and raises the level of biliary cholesterol in them up to 80-100% [35-37]. Therefore, the
greater is the absorption of water by the gallbladder mucosa, the grater is the passage of bile acids
of hepatic bile to the gallbladder and the higher is the concentration of total bile acids in the gall-
bladder bile.

Thus, the high concentration of the total bile acids and the low concentration of cholesterol in
phospholipid vesicles result in the low cholesterol saturation index in the gallbladder bile (less than
1.0), which determines the stability of micellar carriers of biliary cholesterol and prevents the cho-
lesterol monohydrate crystals from precipitating.

Fate of the absorbed vesicular biliary cholesterol

Part of the absorbed cholesterol may be esterified in the epithelial cells of gallbladder mu-
cosa by means of ACAT. Normally the activity of ACAT makes up 92+23 pmol/min per mg protein
and is 8-9 times as high as that of microsomes of the liver (11+2 pmol/min per mg protein) [38].
There is a positive correlation between the concentration of the cholesterol in the gallbladder bile
and ACAT in microsomes of gallbladder mucosa (r= +0.42, p<0.05). The cholesterol is also syn-
thesized in the microsomes of gallbladder mucosa, and the activity of HMG-CoA reductase in them
makes up 28+6 pmol/min per mg protein. But it is 4 times lower, than that in the microsomes of
hepatocytes (120+40 pmol/min per mg protein). The concentration of free cholesterol in the micro-
somes of gallbladder mucosa (206+9 nmol/min per mg protein) is 4 times higher than that in micro-
somes of hepatocytes (55+3 nmol/min per mg protein), while the concentration of esterified choles-
terol (34£5 nmol/min per mg protein) is 3.5 times higher (9£1 nmol/min per mg protein) [38]. Taking
into account the low activity of HMG-CoA reductase and the high activity of ACAT in the micro-
somes of gallbladder mucosa, as well as the positive correlation between the level of cholesterol in
the gallbladder bile and the microsomes of gallbladder mucosa (r= +0.75, p<0.01), the higher con-
centration of free cholesterol in the microsomes of epithelial cells of gallbladder mucosa may result
only from the excessive absorption of the biliary vesicular cholesterol. It testifies that the rate of the
biliary vesicular cholesterol entering the epithelial cells of gallbladder mucosa 4 times exceeds that
of hepatocytes.

By analogy with ileum, the removal of the absorbed vesicular cholesterol and phospholipids
from the gallbladder wall may be realized by means of HDL and/or VLDL [39-43]. It was shown in
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vitro that HDL are able to extract the excess of cholesterol out of cholesterol-saturated phosphol-
ipid vesicles and to dissolve the cholesterol crystals [44, 45]. It is possibly that the mechanism of
the removal of the absorbed vesicular cholesterol and phospholipids by means of HDL may be
prevalent and it may be determined by the concentration of HDL in serum and by the rate of the
arterial bloodstream in the gallbladder wall [46, 47]. In the gallbladder wall HDL, interrelating with
phospholipid vesicles, will extract biliary vesicular cholesterol and phospholipids and, with blood-
stream, will first enter the gallbladder vein and then, through the portal vein, the liver. This supposi-
tion is indirectly corroborated by the negative correlative connection between CSI and the level of
the total cholesterol (TCh) (r= —0.65, p<0.05) and Ch-HDL (r= -0.62, p<0.05) in the serum in prac-
tically healthy women [48]. In the gallbladder mucosa, small quantities of VLDL synthesize [49].
The number of apoproteins B, C-Il and C-Ill absorbed by the gallbladder mucosa can make up 84-
91% of total quantity of apoproteins B, C-Il and C-lll, entering the gallbladder with the hepatic bile
[50]. Also, taking into account that the mucosa of the gallbladder absorbs phospholipid vesicles,
apoproteins B, C-ll and C-lllI, they can interrelate with serum HDL, LDL, and VLDL in the gallblad-
der wall below epithelium.

The absorbed vesicular cholesterol of gallbladder mucosa, interrelating with blood lipopro-
teins, can enter the liver or the peripheral blood stream through the portal vein (fig. 2.a).
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Fig. 2. Exchange of cholesterol in healthy humans (a) and patients after cholecystectomy (b).

1 = Gallbladder-dependent output of biliary cholesterol; 2 = gallbladder-independent output of biliary
cholesterol; 3 = gallbladder-hepatic circulation of biliary cholesterol; 4 = hydrolysis of cholesterol esters
entered the hepatocytes with HDL and LDL; 5 = synthesis of cholesterol; 6 = synthesis of cholesterol
esters for VLDL; 7 = hydrolysis of cholesterol esters entered the hepatocytes with CMR.

HMG-CoA = 3-hydroxy-3-methylglutaryl coenzyme A reductase; HDL = high density lipoprotein; LDL
= low density lipoprotein; VLDL = very low density lipoprotein; CMR = chylomicrons remnants; Ch =
cholesterol; ChA = cholesterol anhydrous; ChM = cholesterol monohydrate; HA = hepatic artery; HV =
hepatic vein; PV = portal vein; LD = lymphatic duct.

The way of biliary cholesterol [blood (lipoproteins) — liver (hepatic bile — phospholipid vesi-
cles) — gallbladder (absorption of vesicular cholesterol) — portal vein (lipoproteins) — liver or
blood] — was called by us “gallbladder-hepatic circulation of biliary cholesterol” (fig. 2.a).

The detailed structuring of these processes provides an opportunity to connect the excretory
function of the liver and the absorption and evacuation functions of the gallbladder with the level of
cholesterol in serum.

Outflow of biliary cholesterol into duodenum
For understanding the processes of the biliary cholesterol outflow into the duodenum, we
have introduced two new terms, namely: the gallbladder-dependent and gallbladder-independent
output of biliary cholesterol. The former depends on the ejection volume of the gallbladder and the
concentration of biliary cholesterol in the gallbladder bile; the latter depends on the concentration
of biliary cholesterol in the hepatic bile entering directly the duodenum (fig. 2.a). After cholecystec-
tomy only gallbladder-independent output of biliary cholesterol to the duodenum is observed (fig.
2.b).
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Interdependence between the absorption of biliary cholesterol in the gallbladder and that of
the ileum

In the gallbladder, vesicular cholesterol absorbs effectively, but micellar cholesterol does not
[7-12, 24, 27 28]. The absorption of micelles in the ileum is 100 times more effective than that of
vesicles [51]. Hence, the greater is the absorption of vesicular cholesterol in the gallbladder, the
higher is the concentration of micellar cholesterol in the gallbladder bile (CSI < 1.0) and the absorp-
tion of cholesterol in the ileum. Vice versa, the decrease of the vesicular cholesterol absorption in
the gallbladder raises the vesicular cholesterol concentration in the gallbladder bile (CSI more than
1.0) and reduces the cholesterol absorption in the ileum. The ratio bile acids/cholesterol in the gall-
bladder bile may determine the ability of intestinal mixed micelles to solubilize dietary cholesterol.
The rise of this ratio by more than 10-12:1 (CSI < 1.0) results in the increase of the solubilization,
and its decrease by less than 7-10:1 (CSI > 1.0) results in the reduction of the solubilization.

Effect of gallbladder functions on enterohepatic circulation

Part of the bile acids of the hepatic bile enters the gallbladder and is accumulated in it; the
other part enters the duodenum and participates in the enterohepatic circulation. To understand
these processes, we have introduced two new terms: gallbladder-dependent and gallbladder-
independent enterohepatic circulation of bile acids (fig. 3.a).
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Fig. 3. Enterohepatic circulation of bile acids in healthy humans (a) and patients after cholecystectomy
(b). 1 = Gallbladder-dependent enterohepatic circulation of bile acids; 2 = gallbladder-independent
enterohepatic circulation of bile acids; 3 = bile acids entering the liver through the hepatic artery; 4 =
synthesis of cholic acid: cholesterol-7a-hydroxylase; 5 = synthesis of chenodeoxycholic acid: choleste-
rol-27-hydroxylase; 6 = bile acids entering the liver through the portal vein. BA = bile acids; HA = he-
patic artery; HV = hepatic vein; PV = portal vein.

The gallbladder-dependent enterohepatic circulation of bile acids depends on the ejection
volume of the gallbladder and determines the concentration of bile acids of the gallbladder bile that
participate in the enterohepatic circulation. The gallbladder-independent enterohepatic circulation
includes the part of bile acids of the hepatic bile that enter directly the duodenum, but not the gall-
bladder. In healthy people 75-80% of bile acids participate in the gallbladder-dependent entero-
hepatic circulation, and only 20-25% of bile acids take part in the gallbladder-independent circula-
tion (fig. 3a). Therefore, the concentration function of the gallbladder consists in the accumulation
of bile acids of the hepatic bile and their exclusion from the enterohepatic circulation. The part of
bile acids participating in the gallbladder-independent enterohepatic circulation after cholecystec-
tomy increases up to 100% (fig. 3.b). Detailed structuring of these processes enables to connect
the absorption, concentration and evacuation functions of the gallbladder with the enterohepatic
circulation of bile acids. The rate of water absorption by the gallbladder mucosa determines the
passive passage of the hepatic bile from the liver into the gallbladder and the gallbladder-
independent enterohepatic circulation of the bile acids.
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2. Characteristics of bile acids
According to the hydrophilic-hydrophobic index, the bile acids are divided into hydrophilic and

hydrophobic ones (table 1) [3, 52, 53].

Table 1. Hydrophilic-hydrophobic index (HHI) of bile acids in mammals [52].

Bile acids HHI of BA Mammals

B-Hyocholic acid (3-HCA) —0.60 rats
a-Muricholic acid (a-MCA) —0.51 rats

B- Muricholic acid (B-MCA) -0.40 rats
Murideoxycholic acid (MDCA) -0.33 rats
Ursodeoxycholic acid (UDCA) -0.17 bears
a-Hyocholic acid (a-HCA) —0.03 pigs
Hyodeoxycholic acid (HDCA) +0.09 pigs
Cholic acid (CA) +0.23 human
Chenodeoxycholic acid (CDCA) +0.83 human
Deoxycholic acid (DCA) +0.98 human, primates, rabbits
Lithocholic acid (LCA) +1.23 human

If the hydrophobic index is less than that of cholic acid (CA), the bile acids are hydrophilic, if
it is more than the hydrophobic index, they are hydrophobic [3, 52, 53]. The primary bile acids are
more hydrophilic than the secondary ones, but the taurine conjugates of the bile acids are more
hydrophilic than the glycine ones [3, 52, 53]. The hydrophilic bile acids have hepatoprotective
properties [muricholic (MCA) > ursodeoxycholic (UDCA) > cholic (CA)] [54, 55]. The hydrophobic
bile acids are hepatotoxic [lithocholic (LCA) > deoxycholic (DCA) > chenodeoxycholic (CDCA) >
CA] [3, 52-57]. Depending on the concentration, the hydrophobic bile acids cause cholestasis (LCA
> DCA), necrosis (LCA > DCA) or apoptosis of hepatocytes (LCA > DCA > CDCA) [52-57]. Fur-
thermore, DCA is cancerogenic [58]. Experiments on animals showed that it causes cancer of the
colon [59]. The hydrophilic bile acids prevent the development of cholestasis or necrosis/apoptosis
of hepatocytes (UDCA, MCA), as well as cancer of the colon (UDCA) [54-57, 59].

In serum up to 40% of bile acids are transported with HDL, up to 15% — with LDL [2]. The
mechanism of binding of bile acids with lipoproteins depends on their hydrophobic index (CDCA >
DCA > UDCA > CA > 7-epicholic acid) [2]. In the liver, 60-80% of bile acids are uptake during one
passage of portal blood [60]. In earlier experiments on hamsters, it was demonstrated that the he-
patic LDL uptake could influence the bile flow rate, the biliary secretion of bile acids and cholesterol
[61, 62]. The composition and concentration of bile acids participating in the enterohepatic circula-
tion can modulate the LDL receptor activity and the receptor-dependent LDL uptake in the liver.
More hydrophilic UDCA stimulates the receptor-dependent LDL uptake in the liver, but more hy-
drophobic CDCA decreases the LDL receptor activity [61, 62]. It was also shown that the addition
of hydrophobic CDCA to the hypercholesterolemic diet reduces the decrease of HDL concentration
in serum, but the addition of hydrophilic UDCA causes the opposite effect [63, 64]. In hepatocytes,
the bile acids may inhibit the activity of HMG-CoA reductase and cholesterol-7a-hydroxylase, de-
pending on their concentration and hydrophobic index (DCA > CDCA > CA > UDCA) [52, 65-67].

The hydrophilic bile acids stimulate the secretion of the hepatic bile (UDCA > CA), the hydro-
phobic ones lower it (LCA > DCA > CDCA) [68-70]. UDCA and CDCA reduce the secretion of bil-
iary cholesterol in the hepatic bile, but CA and DCA raise it [3, 68-70]. In the gallbladder bile, the
hydrophobic bile acids form mixed and simple micelles (DCA > CDCA > CA), but the hydrophilic
bile acids form liquid crystalline lamellas (MCA > UDCA); that is, the lower the hydrophobic index
of bile acids, the lower the ability to form micelles [71-73]. In the ileum, CA and CDCA raise the ab-
sorption of cholesterol, but UDCA and DCA reduce it [74-77].

During the process of enterohepatic circulation, in the ileum and the colon, anaerobic bacte-
ria promote 7o-dehydroxylation of the primary bile acids (hyocholic (HCA), MCA, CA, CDCA) and
the formation of the secondary bile acids (hyodeoxycholic (HDCA), murideoxycholic (MDCA), DCA,
LCA) [3, 52, 78, 79]. The secondary bile acids are more hydrophobic than the primary ones (HDCA
> HCA, MDCA > MCA, DCA > CA, LCA > CDCA) [3, 52, 53]. The secondary bile acids are usually
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poorly absorbed in the ileum and the colon and are excreted with feces [3, 52, 53].

3. Protective role of the gallbladder

Mammals

In mammals (rats) that do not have the gallbladder, only the hydrophilic hepatoprotective bile
acids are only synthesized; as for the secondary hydrophobic hepatotoxic bile acids, they are
formed in small quantities or are poorly absorbed in the ileum and the colon (table 2).

Table 2. Presence of gallbladder and type of bile acids.

Mammals | Presence of gallbladder | Type of bile acids or bile alcohols
Rats No Hydrophilic bile acids
Camels No ?

Deers No ?

Elephants No Hydrophilic bile alcohols
Rhinoceros No Hydrophilic bile alcohols
Whales No Hydrophilic bile alcohols

Bears Yes Hydrophilic bile acids
Rabbits Yes Hydrophobic bile acids
Primates Yes Hydrophilic and hydrophobic bile acids
Human Yes Hydrophilic and hydrophobic bile acids

Since a long stagnation in the gallbladder may promote the formation of gallstones, the gall-
bladder may be absent in mammals which can manage without food and water for a long period of
time (camels, deer) [4]. Since the size of the gallbladder must be proportional to the size of the
liver, the gallbladder may be absent in big mammals (elephants, rhinoceros, whales) because of
their anatomical peculiarities [4]. In these mammals there is a considerable synthesis of bile alco-
hols, which are poorly solubilize cholesterol [2]. In mammals that have the gallbladder (humans,
monkeys, rabbits) both the hydrophilic and hydrophobic bile acids may be synthesized. The sec-
ondary hydrophobic hepatotoxic bile acids can be formed in large quantities, but they are poorly
absorbed in the ileum and the colon [2-4]. Since a long stagnation in the gallbladder may promote
the formation of gallstones, only the hydrophilic bile acids are synthesized in mammals that fall into
long hibernation (bears), but the secondary bile acids are also hydrophilic [2-4].

Therefore, the basic role of the gallbladder in mammals in which hydrophobic hepatotoxic
bile acids are synthesized or formed, is the protection of the liver from their effect by means of bile
acids accumulation in the gallbladder and lowering the number of the cycles of enterohepatic circu-
lation. The mammals in which the hydrophobic hepatotoxic bile acids are synthesized or formed
must have the gallbladder. Those mammals in which the hydrophilic hepatoprotective bile acids
are synthesized and the hydrophobic hepatotoxic bile acids are formed in small quantities, may
manage without it. The mammals, in which bile alcohols are synthesized in large amounts, do not
have the gallbladder.

Human

In a human, the formation of cholesterol gallstones is promoted by the decrease of absorp-
tion (the decrease of the water and phospholipid vesicles absorption), concentration (the decrease
of total bile acids concentration in gallbladder bile) and evacuation (the decrease of the gallblad-
der-dependent output of biliary cholesterol) functions and by the increase of secretion (hypersecre-
tion of glycoprotein mucin by the gallbladder mucosa) function of the gallbladder (fig. 4) [80]. The
decrease of the water absorption rate of in the gallbladder wall limits the “passive” passage of the
hepatic bile into the gallbladder and increases the hepatic bile passage into the duodenum (fig. 5)
[6, 24, 80]. The decrease of the evacuation function of the gallbladder reduces the “active” pas-
sage of the hepatic bile into the gallbladder [81, 82]. This process is accompanied by the decrease
of the total bile acids concentration and the increase of the biliary cholesterol concentration in
phospholipid vesicles and it also promotes the increase of time for precipitation of cholesterol
monohydrate crystals and the formation of cholesterol gallstones (fig. 6) [83-87]. The excessive
hepatic bile passage from the liver into the duodenum increases the frequency of the gallbladder
independent enterohepatic circulation of bile acids.
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Fig. 4. Exchange of cholesterol in patients with
chronic acalculous cholecystitis and chronic cal-
culous cholecystitis. 1 = gallbladder-dependent
output of biliary cholesterol; 2 = gallbladder-
independent output of biliary cholesterol; 3 =
gallbladder-hepatic circulation of biliary choles-
terol; 4 = hydrolysis of cholesterol esters entered
the hepatocytes with HDL and LDL; 5 = synthe-
sis of cholesterol; 6 = synthesis of cholesterol
esters for VLDL; 7 = hydrolysis of cholesterol
esters entered the hepatocytes with CMR. ChA
= cholesterol anhydrous; ChM = cholesterol
monohydrate; HA = hepatic artery; HV = hepatic
vein; PV = portal vein; LD = lymphatic duct.

Fig. 5. “Active” and “passive” passage of hepatic
bile into the gallbladder and into the duodenum
in patients with chronic calculous cholecystitis.

1 = unconcentrated hepatic bile;

2 = low concentrated gallbladder bile with gall-
stones.

Fig. 6. Exchange of cholesterol and bile acids in
patients with chronic acalculous cholecystitis and
chronic calculous cholecystitis.

1 = synthesis of cholesterol; 2 = synthesis of
cholesterol esters for VLDL; 3 = hydrolysis of
cholesterol esters entered the hepatocytes with
HDL and LDL, and hydrolysis of cholesterol es-
ters entered the hepatocytes with CMR; 4 = syn-
thesis of bile acids. ChE = cholesterol esters;
ChA = cholesterol anhydrous; ChM = cholesterol
monohydrate; BA = bile acids; HA = hepatic ar-
tery; HV = hepatic vein; PV = portal vein; LD =
lymphatic duct.

Fig. 7. Enterohepatic circulation of bile acids in
patients with chronic acalculous cholecystitis and
chronic calculous cholecystitis.

1 = gallbladder-dependent enterohepatic circula-
tion of bile acids; 2 = gallbladder-independent
enterohepatic circulation of bile acids; 3 = bile
acids entering the liver through the hepatic ar-
tery; 4 = synthesis of cholic acid: cholesterol-7a-
hydroxylase; 5 = synthesis of chenodeoxycholic
acid: cholesterol-27-hydroxylase; 6 = bile acids
entering the liver through the portal vein. BA =
bile acids; HA = hepatic artery; HV = hepatic
vein; PV = portal vein.
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The gallbladder-independent enterohepatic circulation of bile acids in patients with the cho-
lesterol gallstone disease (CGD) or after cholecystectomy is raised (fig. 7, fig. 3.b). It results in: 1)
the increase of the hydrophobic hepatotoxic DCA formation and its accumulation in hepatocytes, 2)
the formation of morphological changes in the liver (nonspecific reactive hepatitis) and 3) the ap-
pearance of cholestasis (table 3) [26, 88, 89].

Table 3. Percentage of hydrophobic DCA in bile of rabbits, primates and human.

Mammals % of DCA
Rabbits up to 90%
Primates up to 50%
Human (healthy) up to 10-20%
Human (patient with gallstone disease) up to 30-40%
Human (after cholecystectomy) up to 30-60%

The risk of cancer of the liver, the pancreas, the small intestine, and the colon increases as
well [58, 90-97]. The increases of DCA, participating in the enterohepatic circulation, and of other
toxic agents in the hepatic bile can result in chronic pancreatitis and duodeno-gastral reflux [98-
101].

Hence, the basic role of the gallbladder in a human is a protective. The gallbladder decrease
the formation of the secondary hydrophobic hepatotoxic bile acids (DCA and LCA) by accumulating
the primary bile acids (CA and CDCA) in the gallbladder and by reducing their concentration in the
gallbladder-independent enterohepatic circulation, thereby protecting the liver, the mucosa of the
stomach, the gallbladder, and the colon from their effect. Besides, the increase of the cycles of en-
terohepatic circulation in a human can determine the raised enterohepatic circulation of estrogens,
progesterons and the formation of their active metabolites: 1. a) 16a-hydroxy-estrone (it activates
proliferation and induces breast cancer); b) 4-hydroxy-estrone (proliferation, cancer); c) 2-hydroxy-
estrone (it stimulates fat accumulation in the body of a human); 2. a) pregnanolone (inflammation,
cholestasis); b) pregnandiol (inflammation, cholestasis) [102-105].

Probably, the excessive formation of these “active” metabolites and DCA determine the in-
creased risk of cancer of various sites [96, 97]. 9.4% of the patients with gallstones and cholecys-
tectomized patients have cancer of various sites (cancer of the liver, the pancreas, the colon and
the small intestine, breast cancer in women) [96, 97]. For women, who underwent cholecystectomy
before the age of 50 (i.e. before menopause), the risk of colon cancer is higher than for women
who underwent cholecystectomy at the age over 50 [90]. Estrogens intensify the cancer effect of
the hydrophobic DCA [106]. The concentration of total bile acids in blood serum is 3 times higher
and the risk of intrahepatic cholestasis is 2.5 times higher in cholecystectomized pregnant women
(19%) than in non-cholecystectomized pregnant women [107]. Children with inborn absence of the
gallbladder have infringements of the function of the liver and lag behind in physical development
[26]. Probably, the evolution of a human lacking the gallbladder would have been extremely diffi-
culty.

4, The role of the gallbladder and gallbladder bile in digestion

The evacuation volume of the gallbladder depends on the quality and quantity of accepted
food. The gallbladder is emptied to a greater extent when the fat food is accepted [4]. Since the
gallbladder is contracted in 5-20 minutes after food is available in a stomach, and “the gastric
chyme” moves from the stomach into the duodenum only 1-3 hours later, the role of the gallbladder
bile in digestion may be insignificant. The gallbladder bile, coming into the duodenum, stimulates
the peristalsis of the intestine and promotes the cleaning of the intestine for “a new gastric chyme”.

The hepatic and gallbladder bile volumes and the bile acids concentration, participating in the
first circle of gallbladder-dependent and gallbladder-independent enterohepatic circulation, deter-
mine the bile acids-stimulated secretion of the hepatic bile that in a greater extent participates in
digestion.

Conclusion

Thus, the basic role of the gallbladder in a human is the protection of the liver, the mucosa of
the stomach, the gallbladder and the colon from the effect of hepatotoxic hydrophobic bile acids
and the regulation of serum lipids level (fig. 8).
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HA 1 T Y Fig. 8. Exchange of cholesterol and bile acids in
Jo  HMG-CoA ChE_VLTDL healthy _humans. 1 = synthesis of cholesterol; 2 =
HDL O §O) synthesis of cholesterol esters for VLDL; 3 = hy-
HA .
Cholesterol — CMR drolysis of cholesterol esters entered the hepato-
— cytes with HDL and LDL, and hydrolysis of cho-
ov gacies lesterol esters entered the hepatocytes with
Liver Bilé CMR; 4 = synthesis of bile acids.
ChE = cholesterol esters;
( \ PV [ |LP ChA = cholesterol anhydrous;
A ChM = cholesterol monohydrate;
BA = bile acids; HA = hepatic artery;
Gallbladd BA
chA( e ra HV = hepatic vein; PV = portal vein;
N\ J LD = lymphatic duct.
Stomach Duodenum lleum ChM

If the genetics of the biosynthesis of bile acids in a human had evolved in a different way (by
analogy with bears [presence of cholesterol-7p3-hydroxylase instead of cholesterol-7a-hydroxylase]
or rats [presence of cholesterol-63-hydroxylase instead of cholesterol-12a-hydroxylase]), a human
being would have probably never suffered from gallstone disease, some hepatic and colon dis-
eases (liver cirrhosis, colorectal cancer) [1-3, 52-56, 59, 108, 109].

This model of the gallbladder bile formation that we have worked out provides a better un-
derstanding of the causes of the diseases of the hepatobiliary zone. It also allows to foresee vari-
ous trends in their treatment and prevention and to make prognosis of the appearance of various
disorders in hepato-biliary-pancreato-duodeno-gastral region after cholecystectomy.

Acknowledgments

The authors thank Ms. Leya M. Kovalyova for revising the English text, Falk Foundation e.V. for kindly presented
scientific information.

Some parts of this work were presented at the Falk Symposium No. 84 “Bile Acids-Cholestasis-Gallstones — Ad-
vances in Basic and Clinical Bile Acid Research” (June 9-10, 1995, Berlin, Germany), the Falk Symposium No. 93 “Bile
Acids in Hepatobiliary Diseases — Basic Research and Clinical Application” (October 22-24, 1996, Freiburg, Germany),
the XIX Congress of the Latin American Federation of the International College of Surgeons (November 9-12, 1997, La
Paz, Bolivia), the 11th World Congress of Gastroenterology (September 6-11, 1998, Vienna, Austria), the 3rd World
Congress of the International Hepato-Pancreato-Biliary Association (May 24-28, 1998, Madrid, Spain) and published as
abstracts.

References:

1. Hofmann AF. Biliary secretion and excretion. The hepatobiliary component of the enterohepatic circu-
lation of bile acids. In: Johnson LR, editor. Physiology of the Gastrointestinal Tract. 3rd ed. New York:
Raven Press, 1994: 1555-1576.

2. Carey MC, Duane WC. Enterohepatic circulation. In: Arias IM, Boyer JL, Fausto N, Jakoby WB,
Schachter DA, Shafritz DA, editors. The Liver, Biology and Pathobiology. 3rd ed. New York: Raven
Press, 1994: 719-767.

3. Hofmann AF. Bile secretion and the enterohepatic circulation of bile acids. In: Feldman M, Schar-
schmidt BF, Sleisenger MH, editors. Gastrointestinal and Liver Disease: Pathophysiology, Diagnosis,
Management. 6th ed. Philadelphia: Saunders, 1998: 937-948.

4. Gorshkowa SM, Kurtsin IT. Mechanisms of the Bile Excreting. Leningrad: Science, 1967: 34-137.

5. Heuman DM, Moore EW, Vlahcevic ZR. Pathogenesis and dissolution of gallstones. In: Zakim D,
Boyer ND, editors. Hepatology, a Textbook of Liver Disease. 2nd ed. Philadelphia: Saunders, 1990:
1480-1516.

6. Jacyna MR, Ross PE, Hopwood D, Bouchier IAD. Studies on the mechanism of non-visualization of

diseased human gallbladders during oral cholecystography. Postgrad Med J 1988; 64: 931-935.

7. Jacyna MR, Ross PE, Bakar MA, Hopwood D, Bouchier IAD. Characteristics of cholesterol absorption
by human gallbladder: relevance to cholesterolosis. J Clin Pathol 1987; 40: 524-529.

8. Jacyna MR. Interactions between gallbladder bile and mucosa: relevance to gallstone formation. Gut
1990; 31: 586-570.

9. Ross PE, Butt AN, Gallacher C. Cholesterol absorption by the gallbladder. J Clin Pathol 1990; 43:
572-575.

10. Ginanni Corradini S, Ripani C, Della Guardia P, Giovannelli L, Elisei W, Cantafora A, Pisanelli MC,
Tebala GD, Nuzzo G, Corsi A, Attili AF, Capocaccia L, Ziparo V. The human gallbladder increases
cholesterol solubility in bile by differential lipid absorption: a study using a new in vitro model of iso-

Web-site: http://www.drturumin.com
e-mail: drjacobturumin@yahoo.com




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

36.

11 Dr. J.L. Turumin, MD, PhD, DMSci.

lated intra-arterially perfused gallbladder. Hepatology 1998; 28: 314-322.

Ginanni Corradini S, Yamashita G, Nuutinen H, Chernosky A, Wiliams C, Hays L, Shiffman ML,
Walsh RM, Svanvik J, Della Guardia P, Capocaccia L, Holzbach RT. Human gallbladder mucosal
function: effects on intraluminal fluid and lipid composition in health and disease. Dig Dis Sci 1998; 43:
335-343.

Ginanni Corradini S, Elisei W, Giovannelli L, Ripani C, Della Guardia P, Corsi A, Cantafora A, Capo-
caccia L, Ziparo V, Stipa V, Chirletti P, Caronna R, Lomanto D, Attili AF. Impaired human gallbladder
lipid absorption in cholesterol gallstone disease and its effect on cholesterol solubility in bile. Gastro-
enterology 2000; 118: 912-920.

Neiderhiser DH, Morningstar WA, Roth HP. Absorption of lecithin and lysolecithin by the gallbladder.
J Lab Clin Med 1973; 82: 891-897.

Toth JL, Harvey PRC, Upadyha GA, Strasberg SM. Albumin absorption and protein secretion by the
gallbladder in man and the pig. Hepatology 1990; 12: 729-737.

Ostrow JD. Absorption by the gallbladder of bile salts, sulfobromphtalein and iodipamide. J Lab Clin
Med 1969; 74: 482-492.

Sahlin S, Thyberg P, Ahlberg J, Angelin B, Einarsson K. Distribution of cholesterol between vesicles
and micelles in human gallbladder of treatment with chenodeoxycholic acid and ursodeoxycholic acid.
Hepatology 1991; 13: 104-110.

Pemsingh RS, MacPherson BR, Scott GW. Mucus hypersecretion in the gallbladder epithelium of
Ground Squirrels fed a lithogenic diet for the induction of cholesterol gallstones. Hepatology 1987; 7:
1267-1271.

Sahlin S, Ahlberg J, Einarsson K, Henriksson R, Daniielsson A. Quantitative ultrastructural studies of
gallbladder epithelium in gallstone free subjects and patients with gallstones. Gut 1990; 31: 100-105.
Kuver R, Ramesh N, Lau S, Savard C, Lee SP, Osborne WR. Constitutive mucin secretion linked to
CFTR expression. Biochem Biophys Res Commun 1994; 203: 1457-1462.

Nilsson B, Friman S, Thune A, Jivegord L, Svanvik J. Inflammation reduces mucosal secretion of hy-
drogen ions and impairs concentrating function and luminal acidification in feline gallbladder. Scand J
Gastroenterol 1995; 30: 1021-1026.

Moser AJ, Abedin MZ, Morgenstern KE, Abedin ZR, Roslyn JJ. Endogenous prostaglandins modulate
chloride secretion by prairie dog gallbladder. J Lab Clin Med 2000; 135: 82-88.

Johnston S, Nakeeb A, Barnes SA, Lillemoe KD, Pitt HA, Lipsett PA. Immunoglobulins in gallstone
pathogenesis: a systemic or a local phenomenon (abstract)? Gastroenterology 1995; 108: 1092.
Moser AJ, Giurgiu DI, Morgenstern KE, Abedin ZR, Roslyn JJ Abedin MZ. Octreotide stimulates Ca™
secretion by the gallbladder: a risk factor for gallstones. Surgery 1999; 125: 509-513.

Turumin JL, Shanturov VA. The disturbance of the gallbladder bile formation in-patients with choles-
terol gallstone disease (abstract). XIV International Bile Acid Meeting (Falk Symposium 93), 1996:
105.

Nilsell K. Bile acid pool size and gallbladder storage capacity in gallstone disease. Scand J Gastroen-
terology 1990; 25: 389-39%4.

Zubovski GA. Radio and Ultrasonic Diagnosis of Biliary Tract Diseases. Moscow: Medicine, 1987: 36-
174.

Koga A. Fine structure of the human gallbladder with cholesterolosis with special reference to the
mechanism of lipid accumulation. Brit J Exp Pathol 1985; 66: 605-611.

Secknus R, Darby GH, Chernosky A, Juvonen T, Moore EW, Holzbach RT. Apolipoprotein A-l in bile
inhibits cholesterol crystallization and modifies transcellular lipid transfer through cultured human gall-
bladder epithelial cells. J Gastroenterol Hepatol 1999; 14: 446-456.

Hopwood D, Ross PE. Biochemical and morphological correlations in human gallbladder with refer-
ence to membrane permeability. Microsc Res Tech 1997; 38: 631-642.

Loomis CR, Shipley GG, Small DM. The phase behavior of hydrated cholesterol. J Lipid Res 1979;
20: 525-535.

Chijiiwa K, Kiyosawa R, Nakayama F. Cholesterol monomer activity correlates with nucleation time in
model bile. Clin Chim Acta 1988; 178: 181-192.

Chijiiwa K, Nagai M. Interaction of bile salt monomer and cholesterol in the aqueous phase. Biochim
Biophys Acta 1989; 1001: 111-114.

Chijiiwa K, Nagai M. Bile salt micelle can sustain more cholesterol in the intermicellar aqueous phase
than the maximal aqueous solubility. Arch Bichem Biophys 1989; 270: 472-477.

Chijiiwa K, Hirota |, Noshiro H. High vesicular cholesterol and protein in bile are associated with for-
mation of cholesterol but not pigment gallstones. Dig Dis Sci 1993; 38: 161-166.

Lee SP, Park HZ, Madani H, Kaler EW. Partial characterization of a nonmicellar system of cholesterol
solubilization in bile. Amer J Physiol 1987; 252: G374-G384.

Del Pozo R, He C, Meyer G, Muller |, Frimberger E, Jungst D. Correlation of cholesterol in vesicles to

Web-site: http://www.drturumin.com
e-mail: drjacobturumin@yahoo.com




37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

12 Dr. J.L. Turumin, MD, PhD, DMSci.

total protein and the relevance of protein-lipid interaction in gallbladder bile of patients with gallstones
(abstract). Gastroenterology 1997; 112: 502.

Eckhardt ER, van de Heijning BJ, van Erpecum KJ, Renooij W, Van Berge Henegouwen GP. Quanti-
tation of cholesterol-carrying particles in human gallbladder bile. J Lipid Res 1998; 39: 594-603.
Sahlin S, Ahlberg J, Reihnir E, Stahlberg D, Einarsson K. Cholesterol metabolism in human gallblad-
der mucosa: relationship to cholesterol gallstone disease and effects of chenodeoxycholic acid and
ursodeoxycholic acid treatment. Hepatology 1992; 16: 320-326.

Klimov AN, Nikulcheva NG. Lipid and Lipoprotein Metabolism and its Disorders. St. Petersburg: Piter
Publishing, 1998: 222-237.

Miettinen TA, Kesaniemi YA. Cholesterol absorption: regulation of cholesterol synthesis and elimina-
tion and within-population variations of serum cholesterol levels. Amer J Clin Nutr 1989; 49: 629-635.
Wilson MD, Rude LL. Review of cholesterol absorption with emphasis on dietary and biliary choles-
terol. J Lipid Res 1994; 35: 943-955.

Glickman RM, Sabesin SM. Lipoprotein metabolism. In: Arias IM, Boyer JL, Fausto N, Jakoby WB,
Schachter DA, Shafritz DA, editors. The Liver, Biology and Pathobiology. 3rd ed. New York: Raven
Press, 1994: 391-414.

Cooper AD. Plasma lipoprotein metabolism. In: Fromm H, Leuschner U, editors. Bile Acids-
Cholestasis-Gallstones. Advances in Basic and Clinical Bile Acid Research. Dordrecht: Kluwer, 1996:
97-126.

Jonas A, Hesterberg LK, Drengler SM. Incorporation of excess cholesterol by high-density serum lipo-
proteins. Biochim Biophys Acta 1978; 528: 47-57.

Adams CWM, Abdula YH. The action of human HDL on cholesterol crystals. Atherosclerosis 1978;
31: 464-471.

Turumin JL, Shanturov VA, Chikotejev SP, Tarabrin AL. The low level of Ch-HDL as a risk factor for
cholesterol gallstone disease (abstract). XIV International Bile Acid Meeting (Falk Symposium 93),
1996: 106.

Della Guardia P, Grossi A, Elisei W, Eramo A, de Santis A.D, Attili AF, Genco A, Basso N, Ginanni
Corradini S. Plasma lipoproteins affect rate of cholesterol absorbed from bile by gallbladder: prelimi-
nary data. Ital J Gastroenterol Hepatol 1999; 31: 587-592.

Cavallini A, Messa C, Mangini V, Argese V, Misciagna G, Giorgio |. Serum and bile lipids in young
women with radiolucent gallstones. Am J Gastroenterology 1987; 82: 1279-1282.

Tilvis RS, Aro J, Strandberg TE, Lempinen M, Miettinen TA. In vitro synthesis of triglycerides and cho-
lesterol in human gallbladder mucosa. Scand J Gastroenterology 1982; 17: 335-340.

Sewell RB, Mao SJT, Kawamoto T, LaRusso NF. Apolipoproteins of high, low, and very low density
lipoproteins in human bile. J Lipid Res 1983; 24: 391-401.

Carey MC, Hernell O. Digestion and absorption of fat. Semin Gastrointestinal Dis 1992; 3: 189-208.
Heuman DM, Hylemon PB, Vlahcevic ZR. Regulation of bile acid synthesis. lll. Correlation between
biliary bile acid hydrophobicity index and the activities of enzymes regulating cholesterol and bile acid
synthesis in the rat. J Lipid Res 1989; 30: 1161-1171.

Hofmann AF. Bile acids. In: Arias IM, Boyer JL, Fausto N, Jakoby WB, Schachter DA, Shafritz DA,
editors. The Liver, Biology and Pathobiology. 3rd ed. New York: Raven Press, 1994: 677-718.

Roda A, Piazza F, Baraldini M, Speconi E, Guerra MC, Cerre C, Forti GC: Taurohyodeoxycholic acid
protects against taurochenodeoxycholic acid-induced cholestasis in the rat. Hepatology 1998; 27: 520-
525.

Scholmerich J, Baumgartner U, Miyai K, Gerok W. Tauroursodeoxycholate prevents taurolithocho-
late-induced cholestasis and toxicity in rat liver. J Hepatol 1990; 10: 280-283.

Lim AG, Ahmed HA, Jazrawi RP, Levy JH, Northfield TC. Effects of bile acids on human hepatic mito-
chondria. Eur J Gastroenterol Hepatol 1994; 6: 1157-1163.

Paumgartner G, Beuers U. Bile acids and the liver. In: Surrenti C, Casini A, Milani S, Pinzani M, edi-
tors. Fat-storing Cells and Liver Fibrosis. Dordrecht: Kluwer Academic Publishers, 1994: 330-339.
Ochsenkuhn T, Bayerderffer E, Meining A, Schinkel M, Thiede C, Nussler V, Sackmann M, Hatz R,
Neubauer A, Paumgartner G. Colonic mucosal proliferation is related to serum deoxycholic acid levels.
Cancer 1999; 85: 1664-1669.

Shekels LL, Beste JE, Ho SB. Tauroursodeoxycholic acid protects in vitro models of human colonic
cancer cells from cytotoxic effects of hydrophobic bile acids. Lab Clin Med 1996; 127: 57-66.

Ewerth S, Angelin B, Einarsson K, Nilsell K, Bjorkhem |. Serum concentrations of ursodeoxycholic
acid in portal venous and systemic venous blood of fasting humans as determined by isotope dilution-
mass spectrometry. Gastroenterology 1985; 88: 126-133.

Malavolti M, Ceryak S, Fromm H. Modulation of bile secretion by hepatic low-density lipoprotein up-
take and by chenodeoxycholic acid and ursodeoxycholic acid treatment in the hamster. Gastroenterol-
ogy 1987; 93: 1104-1115.

Web-site: http://www.drturumin.com
e-mail: drjacobturumin@yahoo.com




62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

87.

88.

13 Dr. J.L. Turumin, MD, PhD, DMSci.

Malavolti M, Fromm H, Ceryak S, Roberts IM. Modulation of low-density lipoprotein receptor activity
by bile acids: differential effects of chenodeoxycholic and ursodeoxycholic acids in hamster. J Lipid
Res 1987; 28: 1281-1295.

Ceryak S, Bouscarel B, Malavolti M, Robins SJ, Fromm H: Effect of ursodeoxycholic bile acid on he-
patic LDL metabolism in dietary hypercholesterolemic hamsters (abstract). Gastroenterology 1996;
110: 1165.

Fromm H, Bouscarel B, Ceryak S, Malavolti M. Direct effects of bile acids on low-density lipoprotein
metabolism. In: Fromm H, Leuschner U, editors. Bile Acids-Cholestasis-Gallstones. Advances in Basic
and Clinical Bile Acid Research. Dordrecht: Kluwer, 1996: 141-144.

Maton PN, Ellis HJ, Higgins JP, Dowling RH. Hepatic HMG-CoA reductase in human cholelithiasis:
effect of chenodeoxycholic and ursodeoxycholic acids. Europ J Clin Invest 1980; 10: 325-332.
Vlahcevic ZR, Heuman DH, Hylemon PB. Regulation of bile acid synthesis. Hepatology 1991; 13:
590-600.

Vlahcevic ZR. Regulation of cholesterol 7a-hydroxylase by different effectors. Ital J Gastroenterol
1996; 28: 337-339.

Lindbland L, Lundholm K, Schersten T. Influence of cholic and chenodeoxycholic acid on biliary cho-
lesterol secretion in man. Europ J Clin Invest 1977; 7: 383-388.

Sama C, LaRusso NF, Loper del Pino V, Thistle JL. Effects of acute bile acid administration on biliary
lipid secretion in healthy volunteers. Gastroenterology 1982; 82: 515-525.

Carulli N, Loria P, Bertolotti M. Effects of acute change of bile acid pool composition on biliary lipid
secretion. J Clin Invest 1984; 74: 614-624.

Nishioka T, Tazuma S, Yamashita G, Kajiyama G. Partial replacement of bile salts causes marked
changes of cholesterol crystallization in supersaturated model bile systems. Biochem J 1999; 340:
445-451.

Tsuchimoto D, Tazuma S, Yamashita G, Kajiyama G. Role of bile salt hydrophobicity in distribution of
phospholipid species to carriers in supersaturated model bile solutions. J Gastroenterol Hepatol 1999;
14: 388-393.

Van de Heijning BJM, Stolk MFJ, van Erpecum KJ, Renooij W, van Berge Henegouwen GP. The ef-
fects of bile salt hydrophobicity on model bile vesicles morphology. Biochim Biophys Acta 1994; 1212:
203-210.

Einarsson K, Grundy SM. Effects of feeding cholic and chenodeoxycholic acid on cholesterol absorp-
tion and hepatic secretion of biliary lipids in man. J Lipid Res 1980; 21: 23-34.

Ponz de Leon M, Carulli N: The influence of bile acid pool composition on the regulation of cholesterol
absorption. In: Paumgartner G, Stiehl A, Gerok W, editors. Bile Acids and Lipids. London: MTP Press,
1981: 133-140.

Sama C, LaRusso NF. Effect of deoxycholic, chenodeoxycholic, and cholic acids on intestinal absorp-
tion in humans. Mayo Clin Proc 1982; 57: 44-50.

Lanzini A, Northfield TC. Effect of ursodeoxycholic acid on biliary lipid coupling and on cholesterol
absorption during fasting and eating in subjects with cholesterol gallstones. Gastroenterology 1988;
95: 408-416.

Christl SU, Bartram HP, Paul A, Kelber E, Scheppach W, Kasper H. Bile acid metabolism by colonic
bacteria in continous culture: effects of strach and pH. Ann. Nutrition metabolism 1997; 41: 45-51.
Farkkila MA, Turunen VM, Miettinen TA. The role of intestinal bacteria in regulation of cholesterol me-
tabolism (abstract). Gastroenterology 1994; 106: 891.

Turumin JL, Shanturov VA. Pathogenesis and treatment of cholesterol gallstone disease (abstract).
XIV International Bile Acid Meeting (Falk Symposium 93), 1996: 104.

Jazrawi PP, Pazzi P, Petroni ML, Northfield TC. Postprandial refilling and turnover of bile: a novel ap-
proach to assessing gallbladder stasis in cholelithiasis. Gastroenterology 1995; 109: 582-591.

Carey MC. Formation and growth of cholesterol gallstones: the new synthesis; in Fromm H,
Leuschner U, editors. Bile Acids-Cholestasis-Gallstones. Advances in Basic and Clinical Bile Acid Re-
search. Dordrecht: Kluwer, 1996: 147-175.

Carey MC, Cahalane MJ. Whither biliary sludge? Gastroenterology 1988; 95: 508-523.

Ko CW, Sekijima JH, Lee SP. Biliary sludge. Ann Intern Med 1999; 130: 301-311.

Ko CW, Lee SP. Gallstone formation — Local factors. Gastroenterol Clin North Am 1999; 28: 99-115.
Portincasa P, van de Meeberg P, van Erpecum KJ, Palasciano G, Van Berge Henegouwen GP. An
update on the pathogenesis and treatment of cholesterol gallstones. Scand J Gastroenterol 1997; 223
Suppl: 60-69.

Donovan JM. Physical and metabolic factors in gallstone pathogenesis. Gastroenterol Clin North Am
1999; 28: 75-97.

Honda A, Yoshida T, Tanaka N, Matsuzaki Y, He B, Shoda J, Osuga T. Increased bile acid concentra-
tion in liver tissue with cholesterol gallstone disease. J Gastroenterol 1995; 30: 61-66.

Web-site: http://www.drturumin.com
e-mail: drjacobturumin@yahoo.com




89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

14 Dr. J.L. Turumin, MD, PhD, DMSci.

Geraghty JM, Goldin RD. Liver changes associated with cholecystitis. J Clin Pathol 1994; 47: 457-60.
Ekbom A, Yuen J, Adami HO, McLaughlin JK, Chow WH, Persson |, Fraumeni JF. Cholecystectomy
and colorectal cancer. Gastroenterology 1993; 105: 142-147.

Goldbohm RA, van den Brandt PA, van Veer P, Dorant E, Sturmans F, Hermus RJ. Cholecystectomy
and colorectal cancer: evidence from a cohort study on diet and cancer. Int J Cancer 1993; 53: 735-
739.

Bayerderffer E, Mannes GA, Richter WO, Ochsenkuhn T, Wiebecke B, Kepcke W, Paumgartner G.
Increased serum deoxycholic acid levels in men with colorectal adenomas. Gastroenterology 1993;
104: 145-151.

Bayerderffer E, Mannes GA, Ochsenkuhn T, Dirschedl P, Paumgartner G. Variation of serum bile
acids in patients with colorectal adenomas during a one-year follow-up. Digestion 1994; 55: 121-129.
Bayerderffer E, Mannes GA, Ochsenkuhn T, Dirschedl P, Wiebecke B, Paumgartner G. Unconju-
gated secondary bile acids in the serum of patients with colorectal adenomas. Gut 1995; 36: 268-273.
Kamano T, Mikami Y, Kurasawa T, Tsurumaru M, Matsumoto M, Kano M, Motegi K. Ratio of primary
and secondary bile acids in feces. Possible marker for colorectal cancer? Dis Colon Rectum 1999; 42:
668-672.

Johansen C, Chow WH, Jorgensen T, Mellemkjaer L, Engholm G, Olsen JH. Risk of colorectal cancer
and other cancers in patients with gallstones. Gut 1996; 39: 439-443.

Chow WH, Johansen C, Gridley G, Mellemkjair L, Olsen JH, Fraumeni JF. Gallstones, cholecystec-
tomy and risk of cancers of the liver, biliary tract and pancreas. Br J Cancer 1999; 79: 640-644.
Barthet M, Affriat C, Bernard JP, Berthezene P, Dagorn JC, Sahel J. Is biliary lithiasis associated with
pancreatographic changes? Gut 1995; 36: 761-765.

Portincasa P, Di Ciaula A, Palmieri V, Velardi A, VanBerge Henegouwen G.P, Palasciano G. Im-
paired gallbladder and gastric motility and pathological gastro-oesophageal reflux in gallstone patients.
Eur J Clin Invest 1997; 27: 653-661.

Stein HJ, Kauer WKH, Feussner H, Siewert JR. Bile acids as components of the duodenogastric re-
fluate: detection, relationship to bilirubin, mechanism of injury, and clinical relevance. Hepatogastroen-
terology 1999; 46: 66-73.

Fukumoto Y, Murakami F, Andoh M, Mizumachi S, Okita K. Effects of the elevation of serum bile ac-
ids on gastric mucosal damage. Hepatol Res 1999; 14: 195-203.

Setchell KDR. Synthesis of sex hormones. In: Reyes HB, Leuschner U, Arias IM, editors. Pregnancy,
Sex Hormones and the Liver. Dordrecht: Kluwer Academic Publishers, 1996: 3-15.

Simon FR. The role of sex hormones and hepatic plasma membranes in the pathogenesis of choles-
tasis. In: Reyes HB, Leuschner U, Arias IM, editors. Pregnancy, Sex Hormones and the Liver.
Dordrecht: Kluwer Academic Publishers, 1996: 51-59.

Tiribelli C, Bellentani S. Sex-hormone-induced cholestasis. In: Reyes HB, Leuschner U, Arias .M,
editors. Pregnancy, Sex Hormones and the Liver. Dordrecht: Kluwer Academic Publishers, 1996: 60-
66.

Meng LJ, Reyes H, Palma J, Hernandez |, Ribalta J, Sjovall J. Progesterone metabolism in normal
human pregnancy and in patients with intrahepatic cholestasis of pregnancy. In: Reyes HB, Leuschner
U, Arias IM, editors. Pregnancy, Sex Hormones and the Liver. Dordrecht: Kluwer Academic Publish-
ers, 1996: 91-100.

Jung B, Vogt T, Mathieudaude F, Welsh J, McCelland M, Trenkle T, Weitzel C, Kullmann F. Estrogen-
responsive RING finger mRNA induction in gastrointestinal carcinoma cells following bile acid treat-
ment. Carcinogenesis 1998; 19: 1901-1906.

Glasinovic JC, Valdivieso V, Covarrubias C, Marinovic |, Miquel JF, Nervi F. Pregnancy and gall-
stones. In: Reyes HB, Leuschner U, Arias IM, editors. Pregnancy, Sex Hormones and the Liver.
Dordrecht: Kluwer Academic Publishers, 1996: 267-281.

Cooper AD. Role of the enterohepatic circulation of bile salts in lipoprotein metabolism. Gastroenterol
Clin North Amer 1999; 28: 211-229.

Tung BY, Emond MJ, Haggitt RC, Bronner MP, Kimmey MB, Kowdley KV, Brentnall TA. Ursodiol use
is associated with lower prevalence of colonic neoplasia in patients with ulcerative colitis and primary
sclerosing cholangitis. Ann Intern Med 2001; 134: 89-95.

Web-site: http://www.drturumin.com
e-mail: drjacobturumin@yahoo.com




