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Background/Purpose. It has been reported that ceftri-
axone may induce the formation of gallstones. Changes
of gallbladder motility may play a role in this phenome-
non. The present study was designed to analyze the gall-
bladder contractility of ceftriaxone sodium-treated
guinea pigs in response to different agonists.

Materials and methods. Twenty adult guinea pigs
were randomly divided into two groups. Ten guinea
pigs were treated with ceftriaxone sodium (100 mg/kg/
day) for 10 days, whereas the remaining 10 served as
the control group, receiving 1 ml of distilled water
during 10 days as placebo. By the end of the experi-
mental period the animals were sacrificed and the
gallbladders were removed. The responses to KCl, pa-
paverine, sodium nitroprusside, carbachol, and hista-
mine on gallbladder strips from control and experi-
mental groups were recorded and analyzed.

Results. There was no significant difference between
the responsiveness to KCl, papaverine, and sodium ni-
troprusside on tissues isolated from experimental and
control groups. Comparison of the two groups revealed
that the maximum responses (Emax) to carbachol and
histamine were significantly reduced in the experimen-
tal group, without any change in the pD2 values.

Conclusion. These data indicate that, after ceftriax-
one sodium therapy, the decreased maximum contrac-
tile response to carbachol and histamine may contrib-
ute to the formation of gallstones. © 2004 Elsevier Inc. All

rights reserved.
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INTRODUCTION

Ceftriaxone (CTX), a potent semisynthetic third-
generation cephalosporin, has excellent antimicrobial ac-
tivity against gram-positive and gram-negative bacteria
[1]. It is widely used in serious bacterial infections. It has
been reported that CTX can induce reversible gallbladder
sludge, which can mimic true cholelithiasis in some cases
[2, 3]. Clinical and experimental studies were conducted
to determine the incidence and mechanism of this phe-
nomenon. It was proposed that situations affecting gall-
bladder contraction, such as fasting, might be related to
this phenomenon [4].

During treatment with CTX sodium, reduced gall-
bladder motility to various agonists may play a role in
the formation of gallstones. The aim of this study was
to determine the changes in gallbladder contractile
responses to different agonists after CTX sodium ad-
ministration in guinea pigs.

MATERIALS AND METHODS

Twenty male guinea pigs each weighing approximately 500 g were
maintained in accordance with the recommendations of the Guide for
the Care and Use of Laboratory Animals. The study was approved by
the Ethical Committee of Animal Research of Cumhuriyet Univer-
sity. Guinea pigs were divided randomly into two groups. All animals
were fed with same standard chow in two groups. The experimental
group was treated with CTX sodium (100 mg/kg/day) administered
via the intramuscular route for ten days, whereas the control group
received 1 ml of distilled water as placebo (n � 10 for each group).
Guinea pigs in control and CTX groups were fed with standard diet.
Tissue samples were taken on 10th days.

Tissue Preparation

The subjects were sacrificed by cervical dislocation, followed by a
midline abdominal incision to remove the gallbladder. Gallbladder
specimens were immersed in a previously aerated (95% O and 5%
2

CO2) Krebs’ bicarbonate solution (composition in mM: NaCl, 120;
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KCl, 4.6; CaCl2, 2.5; MgCl2, 1.2; NaHCO3, 22; NaH2PO4 and glucose
11.5). With a longitudinal incision, two full-thickness muscle strips
(2 � 10 mm) containing mucosa, smooth muscle, and serosa were
obtained from each gallbladder specimen. The muscle strips were
placed longitudinally in a muscle bath filled with preaerated 10 ml
Krebs’ bicarbonate solution at 37°C. The upper end of the prepara-
tion was tied to an isometric transducer (Grass FT 03, Quincy, MA)
and preloaded with 1–1.5 g. Tissue was allowed to equilibrate for 30
min until a stable baseline was attained.

Isometric Measurements

At the beginning of each experiment, 80 mM KCl was added to the
tissue bath and the contraction was considered as the reference re-
sponse. At the end of each experiment, the contractile response to 80
mM KCl was remeasured to verify that the contractile mechanisms are
intact. After the first KCl response, tissues were washed twice and after
a period of 30 min the concentration–response curves to papaverine
(10�8 to 10�4 mol/l), sodium nitroprusside (10�8 to 10�4 mol/l), carbachol
(10�8 to 10�4 mol/l) and histamine (10�8 to 10�4 mol/l) were obtained
cumulatively. Isometric tension was recorded on a Grass model 79 E
polygraph.

The relaxant effect of papaverine, and the contractile effects of so-
dium nitroprusside, carbachol, and histamine were evaluated. The re-
laxation responses to papaverine and contraction responses to sodium
nitroprusside, carbachol, and histamine were calculated as percentage
in relation to the contraction caused by KCl (80 mM). To evaluate the
effects of agonists, the maximum responses (Emax) and pD2 values (i.e.,
the negative logarithm of the concentration for the half-maximal re-
sponse, ED50) were calculated. The pD2 values were used instead of
ED50, since the results could be more clearly expressed mathematically
with pD2 values. The concentration response data obtained in each
experiment were plotted as the response/concentration against the re-
sponse, producing a sigmoid curve in each experiment, as predicted
from the Scatchard equation for drug-receptor interaction. pD2 values
(apparent agonist affinity constants) were calculated from each agonist
concentration-response curve by linear regression of the linear median
part of the sigmoid curve and taken as a measure of the sensitivity of
the tissues to each agonist.

Drugs

The chemicals used in the current experiments, papaverine, so-
dium nitroprusside, carbachol, and histamine, were from Sigma (St.
Louis, MO). All chemicals were dissolved in distilled water. The
volume that added to the tissue bath never exceeded 5% of its total
volume. All solutions were prepared just prior to its use.

Statistical Analysis

All data were expressed as mean � SEM. Data were analyzed by
repeated measured analysis of variance and groups were compared
statistically using general linear models of analysis of variance fol-
lowed by Newman Keuls test. Differences were considered to be
significant when P � 0.05.

RESULTS

Macroscopically all animals developed biliary sludge
in the CTX group, whereas bile samples were normal in
the control group (Fig. 1). The contractions elicited by
80 mM KCl (reference response) were not significantly
different in both groups (3.12 � 0.16 g and 2.96 �
0.18 g, respectively; P � 0.05; Fig. 2). In the control and
CTX groups, induction of papaverine (10�8 to 10�4

M)

produced concentration-dependent relaxation in gall-
bladder strips. The relaxation response elicited by pa-
paverine was similar in both groups and there was no
significant difference between the Emax and pD2 values
(P � 0.05; Fig. 3, Table 1).

The cumulative addition of sodium nitroprusside
(10�8 to 10�4

M) produced concentration-dependent con-
tractions in both groups. The concentration–response
curves for sodium nitroprusside was similar in control
and CTX groups and there were no significant changes
in the Emax and pD2 values (P � 0.05; Fig. 4, Table 1).

Carbachol (10�8 to 10�4
M) and histamine (10�8 to

10�4
M) elicited concentration-dependent contraction in

gallbladder strips in control and CTX groups (Figs. 5
and 6). The concentration–response curves for carba-
chol and histamine were shifted to the right, with
significantly lower Emax values in CTX group in com-

FIG. 1. Appearance of the gallbladder in control group (A) and
CTX group (B). The gallbladder seems normal in the (A) and biliary
lithiasis is clearly demonstrated in the (B) macroscopically.
parison to the control group (P � 0.05). However, there
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was no significance among the corresponding pD2 val-
ues (Figs. 5 and 6; Table 1).

DISCUSSION

Postmortem studies performed in dogs and baboons
treated with CTX have shown precipitations of the
calcium salt of CTX in the gallbladder after high dose
and prolonged administration [5]. Shaad et al. [6] de-
scribed a case which had sonographically demon-
strated precipitations in the gallbladder during CTX
therapy. They also reported that 17 of 37 children
treated with CTX for serious infections developed tran-
sient biliary concrements and ultrasonographic abnor-
malities, whereas these symptoms resolved gradually
within 2 to 63 days after cessation of the CTX treat-

FIG. 3. Concentration–response curves of papaverine in isolated
guinea pig gallbladder strips precontracted with 80 mM KCl. Each
point is expressed as a percentage of the contraction induced by KCl.

FIG. 2. Mean values obtained when 80 mM KCl was added on
gallbladder strips isolated from control group and CTX group. Data
are expressed as the means � SEM of 10 experiments.
Data are expressed as the means � SEM of 10 experiments.
ment [6]. They were unable to find any obvious patho-
genic factor related to this condition [2].

Analysis of gallbladder sediments of two adult pa-
tients who underwent cholecystectomy for symptom-
atic CTX associated biliary pseudolithiasis revealed
only small amounts of cholesterol and bilirubinate and
a trace amount of CTX but a high content of other
calcium salts [7].

There are some reports addressing to the pathogen-
esis of CTX-related pseudolithiasis. The effect of CTX
on bile flow and biliary electrolyte secretion was eval-
uated and it has been shown that, even at high doses,
CTX had no effects on the bile flow and the biliary
electrolyte secretion in guinea pigs [8].

Shiffman et al. [4] performed an in vitro study and
evaluated possible interactions between calcium, bile

FIG. 4. Concentration–response curves of sodium nitroprusside
in isolated guinea pig gallbladder strips. Each point is expressed as
a percentage of the contraction induced by 80 mM KCl. Data are

TABLE 1

The Maximum Contractile Response (Emax, % of
KCl) and pD2 Values on Exposure to Papaverine,
Sodium Nitroprusside, Carbachol, and Histamine in
Gallbladder Strips Isolated from Control and CTX
Groups

Control group CTX group

Papaverine
Emax 38.52 � 15.30 42.67 � 13.17
pD2 5.26 � 0.10 5.18 � 0.05

Sodium nitroprusside
Emax 77.63 � 15.20 72.35 � 13.71
pD2 6.20 � 0.18 6.08 � 0.14

Carbachol
Emax 155.01 � 27.13 120.63 � 23.55*
pD2 5.98 � 0.12 5.94 � 0.16

Histamine
Emax 149.44 � 20.12 117.15 � 23.62*
pD2 5.52 � 0.08 5.48 � 0.03

* P � 0.05, significantly different compared with the control group.
expressed as the means � SEM of 10 experiments.
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salts, and CTX. They speculated that the development
of CTX induced biliary sludge is a result of a solubility
problem occurring in the patients receiving high-dose
treatment (�2 g). They also predicted that CTX-
induced biliary sludge would not develop at low doses
in patients with normal gallbladder motility. However,
severely ill patients who are not eating and/or receiv-
ing total parenteral nutrition, therefore having little
stimulus for gallbladder contraction, bear a great risk
of developing pseudolithiasis [4].

Kong et al. [9] reported that fasting and age (older
than 24 months) were probably the significant risk
factors associated with pseudolithiasis and these find-
ings were compatible with a previous study [4]. In
contrast, in a previous study, we have observed that
the incidence of pseudolithiasis in pediatric surgical
patients, who were fasted, was not different from the
patients of other age groups [10]. We presumed that,
rather than fasting, CTX itself may induce pseudoli-
thiasis by altering the gallbladder contractility. Re-
sults of the present study clearly demonstrate that the
receptor-mediated contractile responses of gallbladder
smooth muscle to different agonists change after CTX
sodium therapy in guinea pigs.

In our experiments, we compared the relaxant effect
of papaverine and the contractile effects of sodium
nitroprusside, carbachol and histamine on the guinea
pig’s gallbladder strips of CTX-treated and control
groups. Comparison of the pD2 (-log10 EC50) values of
the control and CTX-treated groups obtained in re-
sponse to the above agents did not show any significant
difference (P � 0.05). This indicates that the actual
EC50 values (i.e., concentration resulting in 50% of
maximal effect) for used drugs are not significantly
different in the CTX group compared with controls.
However, Emax values elicited by carbachol and hista-

FIG. 5. Concentration–response curves of carbachol in isolated
guinea pig gallbladder strips. Each point is expressed as a percent-
age of the contraction induced by 80 mM KCl. Data are expressed as
the means � SEM of 10 experiments. * P � 0.05 denotes significant
difference between groups.
mine were significantly diminished in CTX-treated
group, whereas these values did not show any signifi-
cance with KCl, papaverine, and sodium nitroprusside.
The lower Emax values obtained with carbachol and
histamine in CTX-treated group may be related to an
alteration in the regulation of receptor/postreceptor
excitation-contraction coupling.

It is well known that the KCl-induced contraction in
smooth muscle is caused by an increase in Ca2� influx
through voltage operated Ca2� channels [11]. Contrac-
tions of gallbladder strips elicited by SNP depend on
extracellular calcium entry through voltage-operated
calcium channels [12]. Papaverine reduces the intra-
cellular Ca2� concentration by decreasing the calcium
gradient across the cell membrane, inhibiting the
cAMP phosphodiesterase enzyme, decreasing the up-
take of adenosine, and produces smooth muscle relax-
ation [13]. We used KCl, papaverine and sodium nitro-
prusside responses to find out the differences due to
nonreceptor-mediated mechanisms. The pD2 and Emax

values for KCl, papaverine, and sodium nitroprusside
in gallbladder smooth muscle in both groups did not
show any significant difference, suggesting that CTX
sodium does not affect nonreceptor-dependent mecha-
nisms. This finding also rules out the possibility of
functional and morphological damage to gallbladder
smooth muscle by CTX sodium administration.

Acetylcholine and histamine are the classic excita-
tory neurotransmitters in the gallbladder of the guinea
pig. Carbachol is a muscarinic agonist that mimics the
neurotransmitter acetylcholine in the gallbladder
smooth muscle [14]. Histamine causes depolarization-
associated contraction of gallbladder smooth muscle
via the activation of both H1 (excitatory) and H2 (in-
hibitory) receptors [15]. In our study, we used carba-
chol and histamine responses to classify whether ob-
served differences are due to receptor-mediated
mechanism.

FIG. 6. Concentration–response curves of histamine in isolated
guinea pig gallbladder strips. Each point is expressed as a percent-
age of the contraction induced by 80 mM KCl. Data are expressed as
the means � SEM of ten experiments. * P � 0.05 denotes significant

difference between groups.
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We presumed that if receptor-meditated mecha-
nisms are responsible in the formation of gallstones
after the administration of CTX sodium that contrac-
tile responses to carbachol and histamine would
change. Our results demonstrated that Emax values for
carbachol and histamine were significantly decreased
in the CTX-treated group in comparison with the con-
trol group, with no significant difference of pD2 values.
This decrement indicates a post-receptor defect rather
than decreasing affinity of receptors. Results of this
study suggests that decreased maximum contractile
response to different agonists after ceftriaxone sodium
therapy may contribute to the formation of gallstones.
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