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1 Studies in vitro suggest that cephalosporin antibiotics release the gut hormone cholecystokinin.
Cholecystokinin is known to inhibit gastric emptying. Here we examine the e�ects of cefaclor on
gastric emptying and intestinal motility.

2 Male Sprague-Dawley rats were ®tted with gastric cannulas. Following a 3-week recovery, the
rate of gastric emptying of saline, peptone (4.5%) or cefaclor was determined after instillation into
the gastric cannula, while intestinal transit was measured by using the propagation of arabic gum +
charcoal mixture given intraduodenally.

3 Gastric emptying of saline was signi®cantly delayed by the addition of cefaclor (3, 10, 30 or
100 mM). The CCK-A antagonist SR-27897B (1 mg kg71, i.p.) reversed the delay induced by 10 mM

cefaclor, whereas the CCK-B antagonist CI-988 (1 mg kg71, i.p.) had no signi®cant e�ect. In
capsaicin-treated rats, 10 mM cefaclor emptied more rapidly than in vehicle-treated animals.

4 Thirty-minute intestinal transit was increased at 30 and 100 mM of cefaclor, while the gastric
acid secretion following cefaclor instillation was no di�erent than the group which received saline.

5 The cephalosporin antibiotic cefaclor appears to be a potent stimulant of CCK release from gut
endocrine cells, resembling the e�ects of peptone. Cefaclor delays gastric emptying via capsaicin-
sensitive a�erent pathways, which involve CCK-A receptor interaction.
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Introduction

Cholecystokinin (CCK) is a gastrointestinal hormone that
plays a key role in the digestion and assimilation of nutrients.
CCK is secreted from speci®c endocrine cells (I cells) in the
proximal small intestine in response to food intake (Walsh,

1994; Yoshida et al., 1999). There is species variation in the
action of di�erent luminal nutrients in releasing CCK
(Douglas et al., 1988). In the rat, dietary proteins are the

major stimulus of CCK release (Liddle et al., 1986). However,
the mechanism by which proteins stimulate CCK release is not
clear. Several CCK-releasing peptides that are secreted

luminally have been isolated, which may be intraluminal
regulators of hormone release in the intestine (Liddle, 1995).

Several studies indicate that among the individual food

components, peptones (i.e. acid or enzyme hydrolysate of
proteins) were the most potent in stimulating CCK release in
man, rat, and pig (Miazza et al., 1985; Cuber et al., 1990a; Li &
Owyang, 1996). Moreover, it has been shown that CCK release

is potently stimulated by peptones in the isolated vascularly
perfused rat duodeno-jejunum preparation (Cuber et al.,
1990b). Peptones also stimulate CCK secretion and gene

transcription in the intestinal CCK-producing enteroendocrine
cell line, STC-1 (Cordier-Bussat et al., 1997), which demon-
strates many features of native intestinal CCK-producing cells

(Rindi et al., 1990; Chang et al., 1994). Recently, a variety of
peptidomimetic cephalosporin antibiotics were shown to be
strong stimulants of CCK release from STC-1 cells (Nemoz-

Gaillard et al., 1998; Murai et al., 2000). The cellular
mechanisms involve pertussis toxin-sensitive G protein(s) and

require Ca2+ availability. It was suggested that peptones might
stimulate CCK release via a direct or an indirect mechanism,
which may involve the participation of a CCK-releasing
factor(s) (Nemoz-Gaillard et al., 1998).

Erythromycin, a macrolide antibiotic, was noted to be a
promotility agent in the gastric antrum and upper gastro-
intestinal tract and has recently been used in the treatment for

diabetic gastroparesis (Richards et al., 1993; Janssens et al.,
1990; Otterson & Sarna, 1990). Because of the prevalence of
signi®cant gastrointestinal side e�ects with erythromycin and

related macrolides, cephalosporins were studied as candidates
for the treatment of diabetic and idiopathic gastroparesis (Kuo
et al., 1998). Several cephalosporins appear to have a

signi®cant acceleration on the gastric emptying rate, while
gastric emptying rate is delayed at very high or maximum
antibiotic doses (Kuo et al., 1998).

Endogenous CCK is widely thought to play a physiological

role in the control of gastric emptying in the rat, and because
cephalosporins release CCK from STC-1 cells, the present
study was designed to determine whether cephalosporins

inhibit gastric emptying, and if so to determine the
mechanisms of action. The results suggest cefaclor inhibits
gastric emptying by releasing CCK which acts via vagal

a�erent neurons.

Methods

Animals

Adult male Sprague-Dawley rats (180 ± 200 g) were housed
individually in a light- and temperature-controlled room on*Author for correspondence; E-mail: tarcin@superonline.com
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a 12 : 12 h light-dark cycle, where the temperature
(22+28C) and relative humidity (65 ± 70%) were kept
constant. The animals were fed a standard pellet lab chow,

and food was withdrawn overnight before preparative
surgery and emptying experiments, but free access to water
was allowed. Experiments were approved by The Marmara
University, School of Medicine, Animal Care and Use

Committee.

Surgery

Rats were anaesthetized by intraperitoneal (i.p.) injection of a
mixture of ketamine (100 mg kg71) and chlorpromazine

(12.5 mg kg71) and aseptically prepared for abdominal
surgery. For gastric emptying experiments, a small stainless
steel Gregory cannula was installed in the corpus of the

stomach as previously described (Debas et al., 1975). Animals
were allowed at least 3 weeks to recover from the operation
before experiments were commenced. In another group of rats,
a pediatric feeding tube (Mallinckrodt Laboratories, Athlone,

Ireland) was placed intraluminally 1 cm distal to pyloric
sphincter using a purse-string suture of 5/0 silk around the
catheter. The catheter was tunnelled subcutaneously to the

midscapular region where it was exteriorized via a cutaneous
puncture wound. Exposed end of the tube was closed with a
blunt ended pin. Before the intestinal transit measurement,

each rat was allowed a recovery period of 5 ± 6 days, during
which a constant amount of saline was perfused daily to ensure
the tubing to remain patent. During this period rats were also

adapted to experimental conditions (e.g. manipulation of their
catheters).

Administration of drugs

Cefaclor (kindly provided by Lilly & Co., I
.
stanbul) was

prepared in saline at varying concentrations. CCK-A receptor

antagonist SR-27897B (1 mg kg71; a generous gift from Sano®
Recherche, Montpellier, France) and CCK-B/gastrin receptor
antagonist CI-988 (1 mg kg71; a generous gift from Parke-

Davis Neuroscience Research Centre, Cambridge, U.K.) were
dissolved in 3.3% dimethyl sulphoxide (DMSO; Sigma
Chemical Co., St. Louis, MO, U.S.A.) and given i.p. 10 min
before performing emptying studies of peptone or cefaclor

solutions. The rationale for selecting the doses of cefaclor
depend upon the in vitro studies (Nemoz-Gaillard et al., 1998),
while the doses of the antagonists are those that were found to

be e�ective in reversing the physiologic e�ects of CCK
(Bozkurt et al., 1999).

Measurement of gastric emptying

Trained rats were fasted overnight and lightly restrained in

Bollman-type cages. The stomach was ¯ushed with warm
(378C) physiological saline until clean and was allowed to
drain freely for 45 min. Test solutions were instilled into the
gastric cannula in a volume of 3 ml containing phenol red (PR;

60 mg l71) as a nonabsorbable dilution marker. The rate of
gastric emptying of saline (0.9% NaCl, 300 mOsm kg71 H2O),
or peptone (4.5% (w v71) meat peptone; Sigma), or cefaclor

(3, 10, 30 and 100 mM) was examined using the method
described previously (Green et al., 1988). Gastric emptying was
determined from the volume and PR concentrations recovered

from the cannula 5 min after instillation of the test solutions,
as reported previously (Green et al., 1988). Systemic e�ects
were determined by intraperitoneal administration of 10 mM

cefaclor.

Capsaicin treatment

In a group of rats capsaicin or vehicle pretreatment was

performed 3 days after the gastric cannula placement. Fresh
solutions of capsaicin (Sigma) in 10% Tween 80 (Sigma), 10%
absolute ethanol and 80% saline, at a concentration of
12.5 mg ml71 were injected subcutaneously over a 36 h period

(125 mg kg71) in rats lightly anaesthetized with ether (Barquist
et al., 1992). The ®rst injection consisted of 25 mg kg71,
followed by two injections of 50 mg kg71, 12 h apart. Rats

also received atropine (1 mg kg71, i.p.) before the ®rst
capsaicin or vehicle injection to decrease the acute e�ects of
capsaicin on the respiratory and cardiovascular systems.

Before the emptying experiments, capsaicin- and vehicle-
pretreated rats were tested for impaired chemosensitivity by
the eye-wiping test. In capsaicin-treated animals, the corneal

a�erents were no longer sensitive to a solution of 1% NH4OH
(Holzer, 1991).

Measurement of gastric acid secretion and intestinal
transit

Gastric acid secretion was monitored in fasted rats ®tted with

gastric cannulas at 10 min following gastric instillation of
saline or cefaclor solution (10 mM). Gastric perfusates were
collected by the ¯ushing technique and titrated to pH 7.0 with

0.01 N NaOH. Gastric acid output was calculated as mmol in
10 min (CË orak et al., 1997).

Intestinal transit studies were performed by giving 1 ml of a

mixture of Arabic gum (gum Arabic from Acacia tree, Sigma
Chemical) and activated charcoal mixture through the
intraduodenal catheter at 10 min following the orogastric
administration of saline or cefaclor solution (10, 30 or

100 mM) by gavage (Udassin et al., 1994). Twenty minutes
later, rats were killed by decapitation, the abdomen was
opened, and ligatures were made around the pylorus and

ileocecal valve. The small intestine was dissected and freed
from its mesentery, with its continuity retained. The intestine
was then measured by laying it longitudinally. To avoid

movement of intraluminal contents, the intestine was not
stretched. The total length of the small bowel and the length of
small bowel ®lled with the black meal were recorded. Intestinal
transit index (%) was expressed by the fraction of the total

length of the small bowel ®lled with the black material.

Statistical analysis

The results are expressed as means+s.e.mean with seven to
nine rats per group. One-way analysis of variance (ANOVA)

with the Tukey-Kramer (post hoc) test was used for multiple
comparisons. The concentration causing 50% of the maximal
response of cefaclor was calculated using a computer-assisted

probit transformation (Pharmacological Calculations) and is
represented as ED50. Di�erences were considered statistically
signi®cant if P50.05.

Results

E�ect of cefaclor on gastric emptying

In control gastric ®stula rats, the emptying of saline was rapid

(2.87+0.05 ml 5 min71; 96%) and similar to that described
previously (Forster et al., 1990). The emptying of cefaclor was
dose-dependently delayed at 3 mM (P50.05) and at 10, 30 and
100 mM (P50.001; Figure 1), however, 1 mM concentration
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was found to be ine�ective on gastric emptying rate. The ED50

of cefaclor was calculated as 2.55 mM.
As previously described, peptone instilled into the stomach

of control rats delayed gastric emptying compared with

physiological saline (Figure 2a). In accordance with the
previous ®ndings, when the rats were pretreated with the
CCK-A antagonist, SR-27897B, the inhibitory e�ect of

peptone on gastric emptying was abolished (2.77+0.10 ml
5 min71), while the CCK-B antagonist CI-988, had no e�ect
on peptone-induced delay in gastric emptying. The delay in

gastric emptying of cefaclor was also abolished by treatment
with the CCK-A antagonist (P50.01), whereas the CCK-B
antagonist had no signi®cant e�ect (Figure 2b). Systemic
administration of cefaclor at a dose of 40 mg kg71 (i.p.) did

not alter the gastric emptying of saline (2.82+0.14 ml
5 min71) when compared with that of vehicle-treated rats
(2.72+0.08 ml 5 min71). The cefaclor-induced delay in gastric

emptying was reversed by capsaicin pretreatment, which was
used to ablate C ®bres (P50.01; Figure 3).

E�ect of cefaclor on acid secretion and intestinal transit

Cefaclor (intragastric, 10 mM) which signi®cantly delayed

gastric emptying had no signi®cant e�ect on the gastric acid
secretion at 10 min following cefaclor administration
(16.0+1.65 mmol), when compared with saline
(19.5+2.4 mmol). Intragastric administration of cefaclor

facilitated the intestinal transit at 30 and 100 mM doses
(P50.05 ± 0.01), while the systemic administration of an
equivalent dose (40 mg kg71, i.p.) had no signi®cant e�ect on

intestinal motility (Figure 4).

Figure 1 The gastric emptying of cefaclor was dose-dependently
delayed at 3, 10, 30 and 100 mM, with an ED50 of 2.55 mM. Results
are expressed as means+s.e.mean. *P50.05, **P50.01 and
***P50.001; compared to gastric emptying of saline.

a

b

Figure 2 E�ect of CCK-A (SR-27897B; 1 mg kg71) and CCK-B
receptor antagonist (CI-988; 1 mg kg71) on gastric emptying rate of
peptone (a) and cefaclor (b). Results are expressed as means+
s.e.mean. **P50.01 and ***P50.001; compared to gastric emptying
of saline. ++P50.01 and +++P50.001; compared to the vehicle-
(DMSO) treated group.
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Discussion

The results of the present study indicate that cefaclor delays
gastric emptying in rats via capsaicin-sensitive a�erent path-

ways, which involve CCK-A receptor interaction. As it was
demonstrated in the intestinal CCK-producing STC-1 cells,
cefaclor is likely to release CCK from gut endocrine cells. The

results are compatible with the idea that cefaclor acts in vivo to
release CCK which in turn inhibits gastric emptying by well
recognized pathways. The facilitatory e�ect of cefaclor on

intestinal transit further supports the idea that cefaclor releases
CCK, which has been shown to stimulate intestinal motor
activity when administered exogenously (Parker & Beneventa-
no, 1976). The results suggest that the inhibition of gastric

emptying by intragastric cefaclor is not due to an alteration in
gastric acid secretion, since the acid secretory capacity does not
change during the corresponding period of cefaclor exposure.

Peptones are potent stimulants of CCK release in rats, both
in vivo and ex vivo in a model of isolated vascularly perfused
duodeno-jejunum preparation and in vitro in the intestinal

CCK-producing cell line STC-1 (Cuber et al., 1989; 1990b;
Cordier-Bussat et al., 1997). Protein hydrolysates from various
origins (meat, casein, soybean, and ovalbumin) dose-depen-

dently increased CCK release (Nemoz-Gaillard et al., 1998).
Intraluminal proteins exert their stimulatory e�ect on CCK
secretion via trypsin inhibition, and this has been postulated to
be the major link in the feedback loop regulating the intestinal

phase of pancreatic exocrine secretion (Green & Lyman, 1972;
Green et al., 1973). It was suggested that molecules sharing a
peptidomimetic structure are capable of triggering peptide

release from CCK-producing cells, either directly or indirectly

by the participation in a CCK-releasing factor pathway. A

variety of peptidomimetic antibiotics, namely cephalosporins,
also stimulated the release of CCK over the concentration
range 1 ± 20 mM in vitro (Nemoz-Gaillard et al., 1998).

Cephalosporin-induced CCK release in the STC-1 cell line
was reduced after pertussis toxin treatment and was abolished
by using intra- and extracellular Ca2+ chelators (Nemoz-

Gaillard et al., 1998). In the present study, the cefaclor-induced
delay in gastric emptying was abolished by the CCK-A
antagonist, but not the CCK-B antagonist, which resembles

peptone-induced inhibition of gastric emptying. These data
suggest that cefaclor delays gastric emptying via CCK-A
receptors, as does intraluminal peptone. The functional e�ect
of cefaclor on gastric emptying and intestinal transit is in

accordance with previous in vitro and ex vivo results, where it
was found to be potent as peptones in stimulating CCK
release.

Endogenous CCK clearly plays a physiological role in the
control of gastric emptying in the rat as the administration of
CCK antagonists results in accelerated emptying (Green et al.,

1988; Forster et al., 1990; Forster & Dockray, 1992). The
involvement of capsaicin-sensitive ®bres has been shown in the
regulation of gastric emptying (Forster et al., 1990; Bozkurt et

al., 1999) and inhibition of gastric motility in response to
injections of CCK (Raybould & Tache, 1988). Autoradio-
graphic studies have provided clear evidence that vagal a�erent
®bres in the rat express CCK binding sites, mainly of the A-

type, as found in the pancreas, pyloric sphincter and in the
brainstem regions of the area postrema and nucleus tractus
solitarius (Moran et al., 1985; 1987; 1990). It is likely to suggest

that cefaclor inhibits gastric emptying in rats by stimulating

Figure 3 Reversal of cefaclor-induced delay in gastric emptying by
systemic capsaicin pretreatment (125 mg kg71 injected subcuta-
neously over a 36 h period). Results are expressed as means+
s.e.mean. **P50.01; compared to gastric emptying of saline in
vehicle-treated group. +P50.05; compared to the vehicle- (10%
Tween 80, 10% ethanol and 80% saline) treated group.

Figure 4 Intragastric administration (i.g.) of cefaclor at 30 and
100 mM doses facilitated the intestinal transit, but intraperitoneal
(i.p.; 40 mg kg71) administration was not di�erent from saline-
treated group. Results are expressed as means+s.e.mean. *P50.05
and **P50.01; compared to intestinal transit following intragastric
saline.
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CCK secretion and gene transcription in the intestinal I cells,
which then interacts with low a�nity CCK receptor sites.
Moreover, cefaclor may be acting on the intraluminal

regulators of the hormone release, which include the luminal
CCK-releasing factor (Miyasaka et al., 1989; Liddle 1995;
Spanngel et al., 1996), CCK monitor peptide (Iwai et al., 1987;
Bouras et al., 1992; Tsuzuki et al., 1992; Liddle 1995), and

diazepam-binding inhibitor (Herzig et al., 1996; Yoshida et al.,
1999). The cellular mechanisms activated by cephalosporins
and peptones were shown to be similar for stimulation of CCK

release (Nemoz-Gaillard et al., 1998; Yoshida et al., 1999), and
these molecules share a peptidomimetic structure capable of
triggering peptide release from CCK-producing cells. Their

mode of action on gastric motility is also alike in acting via
capsaicin-sensitive small diameter a�erents and CCK-A-type
receptors (Forster et al., 1990).

In an attempt to develop new agents for gastroparesis,
erythromycin has been used as a treatment for diabetic
gastroparesis (Janssens et al., 1990; Urbain et al., 1990;
Otterson & Sarna, 1990; Richards et al., 1993). It accelerates

gastric emptying in patients with gastroparesis by binding to
the receptor for the gastrointestinal peptide motilin (Feighner
et al., 1999). Although cephalosporins are not interacting with

the motilin receptors, several cephalosporins were shown to
have a signi®cant acceleration on the gastric emptying rate
over the range 2 ± 200 mg kg71 (i.p.) in mice, while at higher

doses (200 ± 1000 mg kg71) a signi®cant delay in gastric
emptying could be detected (Kuo et al., 1998). The present
results indicate that intragastric cefaclor inhibits gastric

emptying similar to those detected in the higher dose range
of its systemic administration. It seems likely that in order to
reach this intraluminal dose range that would induce endocrine
CCK release, higher systemic doses are required. Moreover,

this ®nding does not rule out the possibility that cephalospor-
ins may be candidates for the treatment of gastroparesis at
lower doses, as it was previously suggested that the

cephalosporins might have a larger therapeutic window with
delay in gastric emptying not seen until the higher doses (Kuo
et al., 1998). Nevertheless, the inhibitory e�ect of cephalospor-
ins on gastric emptying, which involves a physiologic feedback

control of gastric motility through the activation of speci®c
CCK-receptors, suggests that further experimental and clinical
studies may be indicated to evaluate the potential e�cacy of

cephalosporins in the treatment of gastrointestinal disorders.
As it was demonstrated in the intestinal cell lines, the

cephalosporin antibiotic cefaclor appears to be a potent

stimulant of CCK release from gut endocrine cells, resembling
the e�ects of the food component, peptone. Cefaclor delays
gastric emptying via capsaicin-sensitive a�erent pathways,

which involve CCK-A receptor interaction. Therefore, cefaclor
may be a useful experimental tool to study the CCK-dependent
physiological events in vivo, since cellular mechanisms involved
in CCK release are also common for both peptones and

cephalosporins.
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