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Abstract:

The effect of cysteamine, a specific somatostatin depletor, on biliary secretion was studied in urethane-anesthetized rats. Different

groups of rats received ip cysteamine at 25, 100 or 340 mg/kg just before bile collection commenced. Other groups of rats were

pretreated with cysteamine (340 mg/kg ip) at 4 or 24 h prior to bile duct cannulation and bile collection. Bile secretions were

collected at 30-min intervals for 4 h after bile duct cannulation. Total proteins, cholesterol, total lipids, glucose and several hepatic

enzymes were assessed in bile. Results indicated that basal bile secretion was only slightly reduced and tended to decrease after drug

administration (� 13% decrease after 340 mg/kg). Cysteamine induced dose-dependent decrease in protein secretion, and the

maximum effect was reached at a dose of 340 mg/kg. The effect of cysteamine on protein secretion was prolonged, since it was still

observed 24 h after the treatment with cysteamine. Cholesterol and lipid secretion was inhibited by 52.5 and 42.5%, respectively, by

the drug, with the latter effect being evident 24 h after drug administration. In addition, the drug inhibited biliary glucose and

aspartate aminotransferase concentrations, but increased that of alkaline phosphatase. The results suggest that acute administration

of cysteamine inhibits protein, cholesterol and lipid secretion into bile.
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Introduction

Cysteamine (2-aminoethanethiol) is a natural product

of mammalian cells forming the terminal region of the

acetyl-coenzyme A molecule, where it is linked to the

pantothenic acid moiety by a peptide bond. Cys-

teamine arises by enzymatic degradation of acetyl-

coenzyme A via the action of the enzyme pan-

tetheinase [28]. Cysteamine has many clinical appli-

cations, namely it has been used as a radioprotective

agent [31], in the management of acetaminophen he-

patotoxicity [19] and currently is the only available

treatment for nephropathic cystinosis, a lysosomal

storage disease leading to renal insufficiency in many

cases early in childhood [11].

One important property of cysteamine is that its

systemic or local administration causes a rapid and se-

lective depletion of neuropeptide somatostatin from

the brain, peripheral tissues and endocrine cells [17,

26, 27]. The drug most likely modifies chemically the

disulfide group of the somatostatin molecule in tissue

granules rendering it biologically and immunologi-

cally unreactive [17]. Somatostatin is widely distrib-

uted throughout the central and peripheral nervous

systems, the gastrointestinal tract as well as in various

peripheral organs. The gastrointestinal tract contains

about 70% of the total body somatostatin, which is

found in neurons and fibers of both the submucosal

and the myenteric plexus and the pancreas as well as

in the D cells of the stomach, gut and pancreatic islets

[13]. Somatostatin might act as a putative neurotrans-
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mitter and/or neuromodulator, local or paracrine act-

ing substance, regulating the release of several hor-

mones and neuropeptides [13]. A number of studies

have used cysteamine to study the physiological con-

sequences of removal of the paracrine effect of soma-

tostain on pancreatic secretion [24, 25].

One of the liver’s principal functions is the forma-

tion of bile which is requisite for digestion of fat and

elimination of detoxified drugs and metabolites. Bile

is an aqueous solution of bile acids, cholesterol, phos-

pholipids, bile pigments and inorganic electrolytes. It

is secreted by the hepatocytes into the bile canaliculi

and modified in the bile ductules or ducts [6]. In ex-

perimental animals and in man somatostatin inhibits

biliary secretions and alters its constituents [4, 18].

But it is likely that if somatostatin and its analogues

are given exogenously, their levels are higher than the

physiologically released somatostatin. This is be-

cause, in human subjects, somatostatin infused at the

dose of 0.05 �g/kg/h was shown to produce blood lev-

els similar to those measured after a meal and did not

affect pancreatic secretion in any of the subjects [12].

The present studies were, therefore, conducted to

investigate the effect of somatostatin depletion with

cysteamine on biliary secretion and biliary constitu-

ents in the rat. Systemic injection of the drug at doses

of 50–300 mg/kg has been shown to decrease

somatostatin-like immuoreactivity (SLI) in the central

nervous system and peripheral tissues of the rat by

about 40–80% [17, 26, 27]. The effect is evident as

early as 5 min [26] or 1 h following injection of the

drug and reaches a maximum at 4 h of administration

[26, 27]. Therefore, in the present work, cysteamine

was administered over the dose range 25–340 mg/kg

either immediately before bile collections com-

menced or as a pretreatment 4 h prior to the experi-

ments. The effects of cysteamine was also evaluated

in rats given the drug 24 h prior to the experiments in

order to examine possible long-lasting or delayed ef-

fects.

Materials and Methods

Animals

Fed male Sprague-Dawley rats (220–240 g) were

used in all studies. Animals were housed under stan-

dardized conditions for light and temperature and re-

ceived standard rat chow and tap water ad libitum.

Animals were randomly assigned to different experi-

mental groups, each kept in separate cages (n = 6–7

each). To avoid variations due to circadian rhythms,

all experiments were started at the same time of the

day at 9 a.m. All animal procedures were performed

according to approved protocols and in accordance

with the recommendations for the proper care and use

of laboratory animals.

Surgical procedure

Rats were anesthetized with a single intraperitoneal

(ip) injection of urethane (1.25 g/kg). The bile duct

was surgically exposed by a midline incision and can-

nulated with a polyethylene cannula inserted into the

common bile duct at the sphincter of Oddi. The ab-

dominal wall was covered with saline moist gauze,

and the rectal temperature was maintained at 37°C by

a heating lamp to prevent hypothermic changes in bile

flow.

Study design

Following a 15-min stabilization period, three differ-

ent groups of rats (n = 6 each) received cysteamine at

different doses of 25, 100 or 340 mg/kg just before

bile collection commenced. Other two groups of rats

(n = 6 each) were pretreated with cysteamine

(340 mg/kg ip) at 4 or 24 h prior to bile duct cannula-

tion and bile collections. The control group (n = 7) re-

ceived ip physiological saline. Bile secretions were

collected in 30-min fractions from each rat for 4 h af-

ter bile duct cannulation. Rats received physiological

saline (1 ml/h, sc) to correct for the loss of fluid dur-

ing the experiment. Samples were immediately stored

at –20°C until the time of the assay. The protein con-

centrations were determined in all studied groups in

all bile samples over the 4 h study period. Then bile

collected from each rat was pooled to provide an

amount sufficient for further biochemical analysis.

Analyses

Bile flow was estimated gravimetrically, assuming

a bile density of 1.0. Total protein in bile was meas-

ured spectrophotometrically using the assay method

of Bradford [5]. Colorimetric determination of total

cholesterol was performed, based on enzymatic hy-
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drolysis of cholesterol esters, oxidation of cholesterol

by cholesterol oxidase, and colorimetric measurement

of liberated hydrogen peroxide with 4-amino-

antipyrine, phenol, and peroxidase. Colorimetric de-

termination of total lipids with sulfophosphovanillic

mixture was used for biliary lipid measurement. As-

partate aminotransferease and alanine aminotransfe-

rase activities were measured using Reitman-Frankel

colorimetric transaminase procedure, whereas color-

imetric determination of alkaline phosphatase activity

was done according to the method of Belfield and

Goldberg. Glucose concentrations in bile were meas-

ured enzymatically [3].

Drugs

Cysteamine HCl (2-mercaptoethylamine; 2-amino-

ethanethiol) and urethane were obtained from Sigma

Chemical Co. (USA).

Statistics

The number of rats used in experiments is presented

in the text in parenthesis. Results are expressed as

means ± SD for all data. Data of bile flow are ex-

pressed as �l/g of wet weight of liver. Data were ana-

lyzed by ANOVA and differences among different

group means were compared with post-hoc Duncan’s

multiple range test. Output rates of total proteins, cho-

lesterol and total lipids were determined by multiply-

ing bile flow by corresponding concentrations.

Results

Bile flow

Basal bile secretion in all groups was higher in the

first 30–60 min following bile duct cannulation then

declined to a steady secretion rate that was maintained

for the duration of the experiments (Figs. 1A, B). The

average basal bile flow during 4 h in the control rats

was 36.36 ± 3.7 (n = 7) �l/30 min/g of liver. Bile flow

tended to decrease after cysteamine, but changes were

not significant (Tab. 1).

Biliary proteins

Control rats had a mean biliary protein output of

113.81 ± 9.76 �g/30 min/g of liver (n = 7). Cysteamine

treatment inhibited biliary protein secretion. The

mean secretion of protein was significantly lower than

in the control group for each of the three doses of

cysteamine given just prior to bile collection. Mean

basal protein output was reduced by 17% (96.33 ±

9.6 �g/30 min/g of liver), 16.94% (94.53 ± 12.1 �g/30

min/g of liver), and 27.13% (82.93 ± 10.6 �g/30

min/g of liver) following 25, 100 or 340 mg/kg of

cysteamine, respectively, given immediately before

bile collection compared with the control group

(113.81 ± 9.76 �g/30 min/g of liver) (Tab.1).

The inhibitory effect of cysteamine (340 mg/kg) on

protein secretion was prolonged, since it was still ob-

served in bile examined 4 or 24 h after treatment with

cysteamine. Mean biliary protein output was de-

creased by 27.1% (83.0 ± 11.3 �g/30 min/g of liver)

and 46.43% (60.97 ± 7.3 �g/30 min/g of liver) in

these two groups of rats, respectively, in comparison

with the controls (Tab. 1).
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Biliary lipids

No change in biliary lipids was observed when cys-

teamine was given immediately before bile collection

or as a 4 h pretreatment. Only in bile from rats treated

with the drug 24 h earlier, did total lipids significantly

decrease by 42.5% compared with the control group

(41.29 ± 10 vs. 71.87 ± 16.1 �g/30 min/g of liver, re-

spectively) (Tab. 1).

Biliary cholesterol

Cysteamine inhibited cholesterol secretion into bile.

The effect was evident in rats pretreated with

340 mg/kg of cysteamine 4 h prior to bile studies

(52.5% decrease; 2.5 ± 0.51 vs. 5.26 ± 1.0 �g/30

min/g of liver) (n = 6 each). Cholesterol secretion in-

creased by 42.6% (7.5 ± 1.5 �g/30 min/g of liver)

(n = 6), in the group given the drug 24 h earlier

(Tab.1).

Biliary glucose

Glucose in bile is a sensitive determinant of biliary

epithelium function [17]. In control rats, biliary glu-

cose concentration was very low (196.4 ± 75.9 �g/ml)

and was further reduced significantly by around 50%

following 340 mg/kg of cysteamine administered at

4 h (78.6 ± 26.2 �g/ml) or 24 h (89.7 ± 30.1 �g/ml)

before bile collection commenced (Tab. 2).
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Bile flow Bile proteins Bile cholesterol Bile lipids

Doses mg/kg µl/30 min/g
of liver

mg/ml µg/30 min/g
of liver

mg/ml µg/30 min/g
of liver

mg/ml µg/30 min/g
of liver

Control 36.36 ± 3.7 3.13 ± 0.11 113.81 ± 9.76 144.57 ± 17.5 5.26 ± 1.0 1976.6 ± 274.9 71.87 ± 16.1

Cysteamine 25 35.16 ± 3.4 2.74 ± 0.22* 96.33 ± 9.6* 130.48 ± 26.9 4.85 ± 1.0 2182.13 ± 320.9 76.72 ± 17.9

Cysteamine 100 34.50 ± 3.2 2.74 ± 0.24* 94.53 ± 12.1* 147.87 ± 24.7 5.1 ± 1.1 2320.19 ± 404.2 80.04 ± 16.6

Cysteamine 340 31.53 ± 3.9 2.63 ± 0.34* 82.93 ± 10.6* 155.34 ± 29.4 4.89 ± 0.78 2280.28 ± 304.5 71.90 ± 14.9

Cysteamine 340,
4 h earlier

31.68 ± 3.4 2.82 ± 0.27* 83.00 ± 11.3* 77.64 ± 12.7* 2.5 ± 0.51* 2303.0 ± 360.1 72.96 ± 18.6

Cysteamine 340,
24 h earlier

31.36 ± 2.9 1.94 ± 0.46* 60.97 ± 7.3* 238.75 ± 39.9* 7.49 ± 1.5* 1316.6 ± 141.3* 41.29 ± 10.0*

���/�� ��� ����� 1 ��� ���� #��� ����2�� �� ���3� ��� ����� �	 ��		����� ���/�� #��� �������� #��� �/����4� �/���� ����� �����
�#� ����� ������������ �	 ��� ���� *�*( #��� ���������� �����	������ ���������� ����������� ���#��� ��� ����� ������� ������ ���/� ���
���������� ������� ���/�� ��� ��������� �� ��������� %5 � 6 *�*(&

���� �� �		��� �	 ���������� �� ������ ��������� ����������	����� %���&� ������ ����������	����� %�7�&� ������ ����������� %�7
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Doses mg/kg AST (IU/l) ALT (IU/l) ALP (IU/l) Glucose (µg/ ml)

Control 49.8 ± 7.0 30.0 ± 10.0 29.16 ± 4.2 196.4 ± 75.9

Cysteamine 25 31.4 ± 4.4* 35.5 ± 3.4 35.9 ± 7.8* ND

Cysteamine 100 31.1 ± 1.7* 31.5 ± 6.6 47.9 ± 4.4* ND

Cysteamine 340 52.8 ± 14.9 33 ± 8.9 41.1 ± 5.1* ND

Cysteamine 340, 4 h earlier 50.1 ± 14.7 31 ± 6.4 38 ± 7.8* 78.6 ± 26.2*

Cysteamine 340, 24 h earlier 38.2 ± 7.1* 30 ± 9.3 20.8 ± 2.9 89.7 ± 30.1*

���/�� ��� ����� 1 ��� ���� #��� ����2�� �� ���3� ��� ����� �	 ��		����� ���/�� #��� �������� #��� �/����4� �/���� ����� �����
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Biliary secretion of AST, ALT and ALP

The assessment of biliary alanine aminotransferase

(ALT), aspartate aminotransferease (AST), and alka-

line phosphatase (ALP) aims to evaluate the degree of

hepatic functional disturbances. ALP is a sensitive

marker of cholestasis. Cholestasis is associated with

a marked increase in the release of canalicular mem-

brane enzymes into bile [2]. No changes were ob-

served in biliary secretion of ALT (Tab. 2), while sig-

nificant reduction in biliary AST was observed in rats

treated with cysteamine at 25 or 100 mg/kg just prior

to bile collection and in those treated with cysteamine

24 h before bile collection commencement as com-

pared with the control group (Tab. 2). Significant ele-

vations of biliary ALP were observed in rats treated

with cysteamine just prior to bile collection, while in

those pretreated with 340 mg/kg of cysteamine 24 h

prior to study, ALP level fell below control values, in-

dicating the transient nature of the rise in ALP ob-

served with the other groups (Tab. 2).

Discussion

We used the thiol agent cysteamine, which is known

to cause depletion of tissue somatostatin [17, 26, 27],

to study the effect of removal of paracrine/autocrine

influence of somatostatin on bile secretion. Somato-

statin exerts an inhibitory control on bile and pancre-

atic secretions. Thus, somatostatin infusion decreased

the outputs of bile acids, cholesterol, and phospholip-

ids in surgical patients with biliary fistula [4, 18].

Therefore, depletion of somatostatin is expected to

cause increased secretion of bile. However, the ad-

ministration of cysteamine did not increase bile flow,

which tended to decrease after the drug. In addition,

the secretion of proteins, cholesterol and lipids into

bile was inhibited by cysteamine, which are the ac-

tions that simulate rather than contrast with the known

inhibitory effects of somatostatin analogues on biliary

secretion and bile constituents.

Cysteamine has been widely used as a tool to study

the consequences of depleting tissue somatostatin [1,

17, 22, 24–27]. Within the gastrointestinal tract, most

work focused on pancreatic secretion. Several authors

reported depletion of pancreatic somatostatin content

following administration of cysteamine at 300 mg/kg

sc to rats or mice. Pancreatic glucagon and insulin

were not affected [24, 25]. Ahren et al. [1] observed,

however, in mice that cysteamine injected at 300 mg/kg

sc lowered the plasma glucose levels at 1 h after injec-

tion. Plasma insulin levels were likewise transiently

reduced by cysteamine.

Our results suggest that cysteamine exerts an in-

hibitory effect on biliary protein secretion. Other re-

searchers provided evidence that cysteamine inhibited

protein secretion whilst stimulating phospholipid syn-

thesis in the rat liver [9]. Biliary glucose was also re-

duced by cysteamine, in accordance with the reported

effect of cysteamine on glucose metabolism [1]. In the

present work, cysteamine inhibited cholesterol secre-

tion into bile at 4 h after injection and inhibition of

biliary lipid secretion was oberved after 24 h. The ef-

fect of cysteamine on lipid metabolism was not stud-

ied earlier, but its precursor, pantethine (a conjugate

of the vitamin pantothenic acid and the low-mole-

cular-weight aminothiol cysteamine), reduced plasma

cholesterol levels in children treated with the drug for

cystinosis [29] and has long been known for its lipid

modulating properties [15, 20]. Evidence suggested

that the lipid modulating properties of pantethine

were in fact mediated by its hydrolysis product cys-

teamine [16, 30]. In isolated liver cells, pantethine in-

hibited HMG-CoA, the rate limiting enzyme in cho-

lesterol biosynthesis, whereas cysteamine enhanced

cholesterol 7-� hydroxylase activity [7], the initial

and rate limiting enzyme in bile acid biosynthesis.

In view of the findings in humans that cysteamine

administration can affect serum prolactin levels [10]

and central somatostatin levels [23], it can be sug-

gested that the observed lipid modulating properties

of pantethine or in fact of cysteamine are mediated, at

least in part, through a change in somatostain levels

taking into consideration the fact that pantethine ad-

ministration, like cysteamine, causes of immunoreac-

tive somatostatin (IR-S) in rat neural and gastrointes-

tinal tissues and depletion of immunoreactive prolac-

tin (IR-PRL) in the anterior pituitary. This latter

finding suggested that pantethine administration led

to an accumulation of cysteamine within cells

throughout the body and that the cysteamine so

formed depleted IR-S and IR-PRL [21].

In conclusion, cysteamine administered via sys-

temic route to anesthetized rats exerted inhibitory ef-

fects on the output of biliary protein, cholesterol and

lipids. Bile flow was only slightly reduced following

cysteamine. The effect of cysteamine on bile flow is

unlikely to reflect loss of paracrine influence of soma-
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tostatin, since the peptide is cholestatic and antichol-

eretic [4, 18], unless the observed effects reflect an

initial release of somatostatin evoked by cysteamine

[22] and/or alterations in central somatostatinergic in-

fluence over bile secretion. In isolated perfused rat

pancreas, Schonfeld et al. [22] noted that cysteamine

at 10 mM released somatostatin and inhibited insulin

output. Bile secretion is subject to central modulation

[8] and since cysteamine crosses the blood-brain bar-

rier and depletes brain somatostatin [17, 26, 27], the

effects of cysteamine seen in the present work could

be mediated through depletion of central somatostatin

and/or alterations in central somatostatinergic neuro-

transmission.
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