
OVINE MODEL FOR CLEAR-CUT STUDY ON THE ROLE OF
CHOLECYSTOKININ IN ANTRAL, SMALL INTESTINAL AND
GALLBLADDER MOTILITY

Krzysztof W. Romañski�

���������� �	 
����� 
���������� ������ �	 ���������� ��������� ������� 
����������� ����������� ������� � �

! "#$�%" �������� 
�����

Ovine model for clear-cut study on the role of cholecystokinin in antral,
small intestinal and gallbladder motility. K.W. ROMAÑSKI. Pol. J. Pharma-
col., 2004, 56, 247–256.

Cholecystokinin (CCK) is one of the major gastrointestinal hormones in-
volved in the control of digestive tract and gallbladder motility. Its action in-
volves several mechanisms. The ovine model was developed in order to fur-
ther explore the role of CCK in gastric, small intestinal and gallbladder mo-
tility under various experimental conditions. Five Merino sheep were used
with bipolar electrodes implanted to their antrum, entire small intestine and
gallbladder as well as strain gauge force transducers were attached to the
duodenum and gallbladder fundus, near the electrodes. In the course of
chronic experiments, the myoelectric and motor activity were recorded by
means of the adapted electroencephalograph. Among the variety of CCK-
octapeptide or cerulein doses, three doses of each CCK peptide were se-
lected and then applied for various time periods. Finally, the effects of the
hormones administered within 30 s during phase 2 of the same or different
migrating myoelectric complexes (MMCs) on gastrointestinal and gallblad-
der myoelectric and motor activity were studied in fasted and non-fasted ani-
mals. Injection of the highest dose inhibited rumination in four of the five
sheep and inhibited phase 3 MMC in the antroduodenal region. Hormone ad-
ministration inhibited dose-dependently antral myoelectric activity. The ef-
fects of moderate dose of both CCK peptides on myoelectric activity of the
duodeno-jejunum was usually opposite (i.e. stimulatory) than that of the il-
eum. Gallbladder response to CCK peptides exhibited mostly the tonic char-
acter, and in some experiments, the slow wave frequency and amplitude
were altered. It is concluded that CCK acts on several targets and different
mechanisms underlie its multiple actions on gastrointestinal and gallbladder
motility in sheep.

Key words: antrum, small bowel, gallbladder, myoelectric and motor ac-
tivity, cholecystokinin octapeptide, cerulein
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Abbreviations: CCK – cholecystokinin, MAI –
myoelectric activity index, MI – motility index,
MMC – migrating motor (myoelectric) complex,
OP-CCK – cholecystokinin octapeptide

INTRODUCTION

Cholecystokinin (CCK) is one of the most im-
portant gastrointestinal hormones profoundly in-
volved in the control of several functions in the
body, including gastric, intestinal and gallbladder
motility [11]. It inhibits gastric myoelectric and
motor activity and gastric emptying [4, 9], and
stimulates intestinal motility and gallbladder con-
tractions [7, 12, 13]. The hormone is active in the
ruminant and non-ruminant animals and its action
on gastrointestinal and gallbladder motility does
not seem to vary considerably between both these
groups of animal species; however, in ruminants,
its action have not been precisely described in vari-
ous physiological conditions. In sheep, the CCK
peptides like CCK- octapeptide (OP-CCK) or ce-
rulein (ceruletide) can reduce abomasal myoelec-
tric and motor activity, affect interdigestive duode-
nal motility, and stimulate gallbladder motor func-
tion [15, 18, 22]. These actions appear to be similar
to those in non-ruminant species. However, no inte-
grative and systematic studies regarding actions of
CCK peptides on gastrointestinal and gallbladder
myoelectric and motor activity have been per-
formed under various precise experimental condi-
tions, which was the basic scope of this work. Ini-
tially, the clear-cut model to study this complex
problem was developed and tested in detail in order
to outline the range of CCK action on antral,
small-intestinal and gallbladder myoelectric and
motor activity in sheep.

MATERIALS and METHODS

Five adult rams (Polish Merino Breed) weigh-
ing 38–43 kg each were used in the study. After a
24 h fasting period, the right lateral laparotomy was
performed under general and local anesthesia and
ten bipolar platinum electrodes embedded in Teflon
coat and two strain gauge force transducers (RB
Products, Madison) were attached from the serosal
side to the antrum (1 electrode), duodenal bulb
(1 electrode), duodenum (1 electrode and 1 strain
gauge force transducer), jejunum (2 electrodes),
ileum (2 electrodes) and gallbladder (3 electrodes

and 1 strain gauge force transducer), as described
previously [17]. The wires were exteriorized, sol-
dered to the plug and fixed. After the surgery, the
animals were allowed at least 10 days of recovery.
Drinking water was given ad libitum and the ra-
tions of fodder were gradually increased during the
post-surgical period. At least three days before the
first experiment, rams were fed with the complete
amount of standard fodder including good quality
hay (1 kg per animal per day), supplemented with
standard grain mixture (3–5 g/kg). During chronic
experiments, the myoelectric and motor activity
were continuously recorded using 10-channel elec-
troencephalograph (Reega Duplex TR XVI, Alvar
Montreuil, Paris), also adapted for mechanical re-
cording. The time constant was adjusted to 0.01 s
and the paper speed was 2.5 mm/s. The strain
gauge force transducers were individually cali-
brated before the implantation. Two series of all
types of experiments were performed. In the first
series, 10-channel electromyographical recordings
were performed. In the second series, the electrical
activity was registered in 8 channels (without
proximal jejunal and proximal ileal electrodes), and
in 2 remaining channels, the mechanical activity
from both strain gauge force transducers was moni-
tored. Four phases of the migrating myoelectric
complex (MMC) were identified in the small bowel
(according to the criteria described in detail else-
where [16]) and the gallbladder, while the duodenal
MMC served as the reference point. A total of 360
experiments were performed, 72 experiments on
every ram, lasting 4–6 h each, except 20 control ex-
periments (10 with fasted and 10 with non-fasted
rams) each lasting 3–4.5 h. Sixty five experiments
were performed on animals fasted for 48 h and 285
experiments were performed on non-fasted ani-
mals. Before each experiment, a thin polyethylene
tube was inserted to the jugular vein for slow injec-
tion of saline or hormone. During control experi-
ments, after the recording of one full MMC cycle,
5.0 ml of 0.15 M NaCl was injected intravenously
(iv) during phase 2 MMC within 30 s and the re-
cording was continued until the arrival of two con-
secutive phases 3 MMC. In the course of experi-
ments with hormone injections, two consecutive
phases 3 MMC were recorded during the control
period. Then, the OP-CCK (Sincalide, Squibb Inst.,
Princeton) or cerulein (Takus, Farmitalia Carlo
Erba, Milan) were infused iv at various doses, and
the next two phases 3 MMC were recorded. Each
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dose was tested during separate experiments, ex-
cept the series when three doses of the peptide hor-
mones were injected during the same MMC cycle.
Of a variety of doses (OP-CCK 5, 20, 100, 200,
500, 1000 and 2000 ng/kg or cerulein 0.2, 1, 5, 10,
20, 50 and 100 ng/kg) which were initially tested,
only three doses of each peptide (OP-CCK 20, 200
and 2000 ng/kg or cerulein 1, 10 and 100 ng/kg)
were used in further experiments. During other ex-
periments, the selected moderate doses (OP-CCK
200 ng/kg or cerulein 10 ng/kg) were given iv at
different time periods. In the next series of experi-
ments, the effects of all three doses of both peptides
were compared in fasted and non-fasted rams. Dur-
ing the next series of the experiments, the effects of
hormonal peptide administration in the same or in
the different MMC cycles were compared. Addi-
tionally, a moderate dose of CCK peptides was re-
peated during the same MMC cycle at 3–4 minute
time intervals. The effect of the peptide hormones
on rumination and on MMC cycle duration were
also determined. The experiments were performed
in random order. At least two days were allowed
between two consecutive experiments, except the
experiments in which peptide hormones were ad-
ministered during the same MMC cycle. After ter-
mination of experiments in the given animal, the
position of the electrodes and strain gauge force
transducers was confirmed at autopsy. No inflam-
matory reactions or perforation of the gastrointesti-
nal or gallbladder wall was observed. Only the ex-
periments with normal phase(s) 3 MMC arriving
during the control period were included in the
analysis.

The myoelectric activity was assessed to meas-
ure the slow wave amplitude and slow wave fre-
quency in the antrum, small bowel and, when pos-
sible, also in the gallbladder. The myoelectric ac-
tivity index (MAI) for the antrum, small bowel and
gallbladder was calculated as follows: the average
of spikes amplitude in one spike burst measured
exact to 0.5 mm (expressed in �V) was calculated
and multiplied by the duration (expressed in s) of
this spike burst. These values from all spike bursts
during a two-minute recording period prior to (con-
trol) or just after the injection (treatment) were
added. The result was then divided by two, thus, it
was finally expressed in (�V × s)/min. For me-
chanical recordings, the motility index (MI) was
calculated as follows: the area of each contraction
was calculated (mean width of the contraction ex-

pressed in s was multiplied by its amplitude from
the baseline to the top and expressed in g × 1000),
expressed in s × 1000 g and the values of all con-
tractions during the 2 min before (control) or 2 min
just after the injection (treatment) were added. This
value was divided by two, thus, the results were ex-
pressed in (s × 1000 g)/min. The MMC cycle dura-
tion was expressed in minutes. The slow wave fre-
quency was expressed in cycles per minute (cpm)
and slow wave amplitude was measured in �V.

The statistical significance between respective
“control” and “treatment” values was calculated
where appropriate using Student’s t-test for paired
values followed by analysis of variance [21].

RESULTS

The highest dose of OP-CCK or cerulein inhib-
ited the rumination in four of five sheep. Inhibition
began 11 s before the end of the peptide hormone
administration and lasted 17 s after hormone injec-
tion. No inhibition of rumination was observed in
response to the moderate and smallest doses of
CCK peptides. OP-CCK and cerulein altered the
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Fig. 1. The effect of various doses of OP-CCK (OP) and
cerulein (Cer) on ovine antral myoelectrical activity. The data
are expressed in (mV × s) per 1 min of the spike bursts (the
myoelectric activity index, MAI) calculated during 2-minute
periods before (control) and after CCK peptide administration
(treatment) in non-fasted rams. CCK peptides were given iv

during 30 s in phase 2 MMC identified in the duodenum. Doses
are given in ng/kg. Means ± SD, n = 5. Statistical significances:
** p < 0.01, *** p < 0.001 as compared with the respective
control value. For other explanations see the Materials and
Methods section



myoelectric and motor activity of the gastrointesti-
nal tract and gallbladder. The clearest, reproducible
and dose-dependent changes were observed in the
antral spike burst activity, which served as the ref-
erence for the selection of representative doses of
both hormones and for comparison of the effects of
OP-CCK with these of cerulein (Fig. 1). As it can
be read from these results, antral motility (inhibi-
tory) effects of OP-CCK at the dose of 20 ng/kg
were at the border of statistical significance and
these effects were roughly similar to those after ce-
rulein at the dose of 1 ng/kg. The effects of the
smallest selected dose of the hormones on the an-
tral, small intestinal and gallbladder motility are
shown in Figure 2. The second selected (moderate)
dose of OP-CCK was 200 ng/kg and its effect was
similar to cerulein dose of 10 ng/kg (Fig. 1 and 3).
The highest dose of OP-CCK (2000 ng/kg) was
clearly more effective, thus, this dose was selected
as the maximal dose in this study. The effect ex-
erted by this dose of OP-CCK was similar to the ef-

250 ���� �� ����������� ����� ��� �������

K.W. Romañski

Fig. 2. The effect of iv administration of cerulein at the dose of
1 ng/kg during the duodenal phase 2 MMC on antral, small
intestinal and gallbladder motility in non-fasted rams. Note the
minimal effect on gastrointestinal motility and the effect on
gallbladder tonus. Abbreviations: T – time in seconds, cl –
calibration 100 �V (electrical recordings) or 5 g (mechanical
recordings) – vertical bars. Electrodes: A – pyloric antrum, B –
duodenal bulb, D – duodenum, J – jejunum, I – ileum, N –
gallbladder neck, C – gallbladder corpus, F – gallbladder fundus.
Strain gauge force transducers: t� – duodenum, near electrode D,
t� – gallbladder, near electrode F. Horizontal bar: cerulein
administration
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Fig. 3. The myoelectrical activity of antrum before and after the
selected moderate (antrum) dose of OP-CCK and cerulein given
during the various time periods of phase 2 MMC in non-fasted
rams. Abbreviations: SWA– slow wave amplitude (data expressed
in �V and calculated during two-minute recording period), SWF –
slow wave frequency (data calculated during two-minute
recording period and expressed in cycles per minute), MAI –
myoelectrical activity index (calculated during 2 min period and
expressed in �V × s/min. Statistical significances: * p < 0.05,
** p < 0.01. For other explanations see Figure 1



fect obtained after the highest dose of cerulein (100
ng/kg, Fig. 1 and 4). All these doses were adminis-
tered during 30-second periods, which were found
to be most effective and simultaneously long
enough to avoid any inconsistent results (Fig. 3 and
4). Antral slow wave frequency and amplitude, an-
tral spike bursts and duodenal contractions were
analyzed for this purpose. Three selected doses of
OP-CCK and cerulein were applied during the
same MMC cycle and during the other MMC cycle
in a separate experiment in order to compare the
strength of these effects (Fig. 5). The jejunal myoe-
lectric response was attenuated when all three

doses of both hormones were given during the
same MMC cycle a few minutes apart in succes-
sion. When the hormones were administered during
the separate MMC cycles, their action was more ef-
fective than administered during the same MMC
cycle (Fig. 5). The smallest dose of cerulein, unlike
OP-CCK, triggered significant response. Addition-
ally, the effect of a moderate dose of cerulein, given
twice at the 3–4 minute intervals, on gastrointestinal
myoelectric activity, was assessed. The results (MAI)
for antrum were as follows: 7.0 ± 0.8, 5.2 ± 0.5
(p < 0.05) and 6.4 ± 0.8 (N.S.) for control, and after
two consecutive doses of cerulein, respectively. In the
duodenum the results were: 6.2 ± 2.4, 2.3 ± (p < 0.05)
and 3.1 ± 0.8 (p < 0.05) for control, and two moder-
ate doses of cerulein, respectively. Thus, in the next
series of experiments, each dose of the hormones
was given during 30 s, in separate experiments. In
the second part of the study, some effects of OP-
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Fig. 5. The effect of three selected doses of CCK peptides
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Statistical significances: * p < 0.05, ** p < 0.01, *** p < 0.001



CCK and cerulein on gastrointestinal and gallblad-
der motility were demonstrated. Initially, the ef-
fects of three doses of both hormones on the arrival
of phase 3 MMC in the duodenum and gallbladder
were studied and are presented in Table 1. It can be

seen that CCK exerted inhibitory effect on phase 3
of the MMC. The inhibitory effect of both hor-
mones was more evident in the duodenum since
phase 3 MMC often originated from the jejunum
after hormone administration or its arrival in the
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Fig. 6. The effects of iv administration of cerulein at the dose of
1 ng/kg on the ileal and gallbladder myoelectrical activity in
fasted sheep. Single slow waves in the gallbladder are indicated
with arrows. Abbreviations: T – time in seconds, cl – calibration
100 �V (vertical bars). Electrodes: I� – first (proximal) ileum,
I� – second (distal) ileum, N – gallbladder neck, C – gallbladder
corpus, F – gallbladder fundus. Horizontal bar: cerulein admini-
stration
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duodenum was delayed. Phase 3 MMC in the gall-
bladder arrived usually at the beginning of the duo-
denal phase 1 MMC and was also inhibited by
higher doses of the hormones. Both substances ex-
erted dose-dependent stimulatory effect on the gall-
bladder motor activity exhibiting rather tonic char-
acter (Fig. 2), and in a part of experiments it in-
creased the gallbladder slow wave frequency and
amplitude (Fig. 6). However, these changes were
not reproducible. The effect of three doses of both
peptides on duodenal myoelectric and motor activ-
ity was also studied in fasted and non-fasted rams
(Tab. 2). The effects on motor activity seemed to be
more evident in fasted animals, but generally, the
results in fasted and non-fasted rams were similar.
Finally, the effects of both higher doses of the pep-
tides on the myoelectric activity of duodenum, jeju-
num and ileum were compared (Tab. 3). While the
effects on duodeno-jejunum were rather inhibitory,
the response of the ileum was mostly stimulatory.
After the smallest dose of CCK peptides, this effect
was occasionally delayed and of inhibitory charac-
ter (Fig. 6). Therefore, the smallest dose of the hor-
mone was able to exert the noticeable effects not
only in the gallbladder but also in the small bowel.

DISCUSSION

The results showed that the applied doses of
OP-CCK (20, 200 and 2000 ng/kg) clearly induced
different responses and that usually very similar ef-
fects were obtained when cerulein was given at the
doses of 1, 10 and 100 ng/kg. The biggest differ-
ence between OP-CCK and cerulein’s action upon
the MAI was observed in the jejunum when the
peptide hormones were administered during sepa-
rate MMC cycles suggesting the existence of de-

sensitization. Cerulein was up to 20 times more ef-
fective than OP-CCK. When their effects were ana-
lyzed, the most evident antral inhibition was
obtained following the highest dose, therefore, the
OP-CCK dose up to 2000 ng/kg could be consid-
ered as physiological dose for this region. It also
seemed likely that the lowest dose was physiologi-
cal, at least for the gallbladder, while the moderate
dose could be physiological mainly for the small
intestine. The used range of doses was similar as in
other studies in sheep, only 10-fold higher doses of
OP-CCK than of cerulein were earlier used [10,
18]. The proposed physiological doses are in con-
cert with the reported doses exerting evident re-
sponses. Ruckebusch and Soldani [18] observed
that cerulein dose of 2 ng/kg was sufficient to
stimulate gallbladder contraction, but antroduode-
nal motility remained unaffected. In another report
[3], OP-CCK at the dose of 100 ng/kg did not
evoke any response in the ovine antroduodenal re-
gion, while again, the stimulatory changes in the
gallbladder were observed. Further confirmation
regarding the relatively small antral sensitivity to
CCK can be derived from the report of Cottrell and
Reynolds [5]. To activate the antral tension receptors
in sheep for 2 min, these authors used the intraarte-
rial bolus dose of OP-CCK as high as 4000 ng. As it
was found in the dog [13], cerulein at the dose of
10 ng/kg elevated plasma CCK immunoreactivity
to postprandial values. Therefore, in the present
study, the effect of the selected moderate dose of
the hormone can be physiological and the question
arises whether the plasma CCK level can exceed
the postprandial values following the application of
the highest dose of hormone used in the study.
However, the smallest dose of both CCK peptides
exerted short-term effects on the small intestine in
most cases. The meal is considered as the strongest

&���  '�#$(##' 253

��� !�"#$�%&'&' (') )&*!#$&+! ,�$& &$" &' #�!!�

Table 3� $�� �--��.
 �- ��/���.� �	/ ��2� /�
�
 �- ��% ���.�/�
 �	 .���3�����.��� ��.�=�.3 ;,(&< �- .�� 
���� �	.�
.�	� �	 
����

���0���	 �� � ��%

/0�/�	0� C�C0	0� ���0� /0�/�	0� C�C0	0� ���0�

� . � . � . � . � . � .

, : ��7 7��>> ��1 ���>> ��8 7���> ��7 ��9> ��1 ���> ��9 77��>

? #) 7�� ��� ��� 7�� 7�1 ��� ��1 7�7 1�7 7�� 7�8 ��9

� : ��9 ��8>> 7��� ��1>>> ��� ����>>> ��� ��1>>> 7��� ��1>>> ��� ����>>>

? #) ��� 7�� 1�� ��� 7�8 ��7 1�� ��� ��� ��� ��� ���

(55��=��.��	
� � � ��	.���� . � .���.��	.�, ���/���.� /�
�� ���0���	 7� 	26�2� �����% ��� 	26�2� � � ��2� /�
�� ���0���	 7�� 	26�2�
�����% ���� 	26�2� 4�� �.��� �:���	�.��	
 
�� $�5��
 7 �	/ �� #.�.�
.���� 
�2	�-���	��� > � B ����� >> � B ���7� >>> � B ����7



physiological stimulus. Thus, after the highest dose
of CCK peptide, plasma CCK level exceeds the
postprandial value, which may mean that this dose
is pharmacological. If the effect of moderate dose
of CCK on gallbladder, and even on small intesti-
nal motility is physiological, it should be concluded
that the effect of this dose on antral motility is
partly physiological since the antral inhibition in
response to the moderate dose of OP-CCK or of ce-
rulein was incomplete. It is possible that under the
physiological conditions, the inhibitory effects on
antral motility is exerted not by CCK alone but
may be the result of hormonal interaction. This
view was supported by Schmidt et al. [20] who
concluded that meal-induced gallbladder contrac-
tion and fasting tone were primarily controlled by
CCK while the gastrointestinal motility was only
partially controlled by this hormone.

The inhibition of rumination indicates that
mostly the highest doses of CCK peptides appar-
ently exhibited central action [6]. This effect was
parallel to known inhibitory effects of CCK on
food intake (satiety-inducing effect) in various ani-
mal species including sheep [1]. The inhibition of
rumination, not observed following pentagastrin
[2] could be linked with the suppression of reticular
motility [1]. The involvement of CCK-A receptors
in observed inhibitory effect of CCK on the MMC is
possible since the CCK-A receptor antagonist,
L364,718 given iv induced premature phase 3 MMC
in duodenal electromyogram in conscious sheep
[15].

The duration of CCK peptide administration
seems to be important to assess its effect on the tar-
get organ because of the constant elimination of the
hormone from the bloodstream. Several authors did
not precisely record the time of hormone admini-
stration given either as the bolus dose or as the in-
fusion [3, 4, 13]. Thus, because of the great vari-
ability of the models applied in the studies, it is of-
ten difficult to compare the effects of the same or
similar dose of the hormone between two different
protocols. To further examine the action of CCK on
gastrointestinal and gallbladder motility, the effects
of the same doses given in different time periods
were studied. Then, to compare the different doses
of the hormone used, the same time of their admini-
stration was always designed. The results showed
that the shortest tested period was optimal for the
determination of specificity of action of CCK pep-
tides, especially when plasma CCK level was not

monitored. This way of hormone administration
seems to be more useful than the often reported
prolonged hormone infusion. During hormone in-
fusion protocol, only the results obtained during
this infusion are usually considered. Thus, to obtain
evident results, the infusion is sometimes pro-
longed and the total dose of the hormone is fairy
large. At the end of infusion, the effect can be dif-
ferent than at the beginning of this period, what can
lead to the misinterpretation of the data. Thus,
pharmacological, rather than physiological effects,
can be observed what did not take place in the pres-
ent study. In this model, both the time of hormone
administration and the overall dose were strictly
controlled and reduced to the minimum, and the
long-term effects induced by the given dose can be
observed without the constant increase in the blood
hormone concentration.

CCK is the ligand of membrane metabotropic
receptors acting principally through two CCK-1
and CCK-2 receptors. The desensitization process
of these receptors is quite well known [14] and the
next problem tested in this model was to assess the
extent of desensitization of CCK receptors, espe-
cially CCK-1 receptors when three increasing doses
of the hormone were given in few 3–4 minute inter-
vals. The slightly diminished response to two
higher doses of OP-CCK and cerulein given during
the same MMC cycle compared with the effect of
the hormones administered during different MMC
cycles suggests the existence of desensitization
within CCK receptors and/or down-regulation of
neural, probably cholinergic, transmission evoked
by CCK peptide injection [19, 20]. The administra-
tion of two equal doses of the hormone within 3–4
min further confirmed these observations, at least
partially, although the response to the second dose
was significant as it was seen after the first dose.
Thus, it can be concluded that desensitization of the
response to CCK occurs in sheep, but its intensity
is not marked.

CCK release is mainly induced by dietary fat
and amino acids [11], i.e. its plasma level is en-
hanced after a meal [20]. Therefore, it can be ex-
pected that CCK action can be stronger when the
hormone is administered in non-fasted animals
rather than in fasted animals. However, the results
did not confirm this opinion. Some possible rea-
sons can be considered. There is a practical lack of
digestive and interdigestive states in ruminant ani-
mals, thus, the differences between fasted and
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non-fasted rams could be attenuated. It is also pos-
sible that there is an interaction between endoge-
nous and exogenous hormone resulting in dimin-
ished or reversed response to the drug. Such an ef-
fect was observed in humans in response to
loxiglumide, the CCK receptor antagonist [20].
Therefore, it can be stated that there is no meaning-
ful difference in CCK action on intestinal and gall-
bladder motility between fasted and non-fasted
sheep.

The action of CCK on gastrointestinal motility
is complex and dependent on many physiological
factors. The distance from pylorus seems also to be
important. This view was confirmed here by the
marked differences in the action of OP-CCK and of
cerulein on two jejunal segments. In other experi-
ments, an important difference in hormone action
on duodenum, jejunum and ileum was observed. In
the same experiment, the effect on ileum was oppo-
site to the effect on duodeno-jejunum. The inhibi-
tory effect was stronger in the duodenum than in je-
junum, while in the ileum the effect was always
stimulatory, especially when the higher doses of
hormones were used. This difference can be caused
by the variability in the smooth muscle CCK-
receptor density along the small intestine, the spec-
trum of CCK action as neuropeptide [19], different
hormonal interactions and up- and down-regulatory
processes [8, 14].

The observed effects of CCK peptides on antral,
small-intestinal and gallbladder motility in sheep
did not vary considerably from the effects reported
in other animal species, including man [11, 23].
These regions of the digestive system are not much
different between ruminant and non-ruminant spe-
cies and the proposed model of study of the CCK
effects on motor function can be suitable in both
groups of animal species. There are no reports con-
cerning the existence of the slow waves in the gall-
bladder, at least in vivo. During control experi-
ments of the present study, the slow waves were not
always observed and were of variable frequency
and amplitude. Thus, it was difficult to prove how
these parameters are affected by CCK peptides.
This study also showed that the effects of CCK
peptides on gastrointestinal motility were complex,
so they warrant further extensive investigations.

REFERENCES

1. Buéno L, Duranton A, Ruckebusch Y: Antagonistic
effects of naloxone on CCK- octapeptide induced sati-

ety and rumino-reticular hypomotility in sheep. Life
Sci, 1983, 32, 855–863.

2. Buéno L, Hondé C, Fioramonti J: Proglumide: selec-
tive antagonism of the rumination but not gastric mo-
tor effects induced by pentagastrin in sheep. Life Sci,
1984, 34, 475–481.

3. Buéno L, Praddaude F: Electrical activity of the gall-
bladder and biliary tract in sheep and its relationships
with antral and duodenal motility. Ann Biol Anim
Biochem Biophys, 1979, 19, 1109–1121.

4. Chen JDZ, Lin ZY, Parolisi S, McCallum RW: Inhibi-
tory effects of cholecystokinin on postprandial gastric my-
oelectrical activity. Dig Dis Sci, 1995, 40, 2614–2622.

5. Cottrell DF, Reynolds GW: Electrophysiological char-
acteristics of tension receptors in the abomasal antrum
of sheep. Vet Res Commun, 1994, 18, 225–238.

6. Kania BF, Brikas P, Buéno L, Fioramonti J, Zaremba-
Rutkowska M: The evaluation of the role of CCK in
the opioid modulation of the motility of the gastroin-
testinal tract in sheep. J Vet Pharmacol Ther, 1999, 22,
153–160.

7. Krishnamurthy S, Cerulli-Switzer J, Chapman N,
Krishnamurthy GT: Comparison of gallbladder func-
tion obtained with regular CCK-8 and pharmacy-
compounded CCK-8. J Nucl Med, 2003, 44, 499–504.

8. Mawe GM: Nerves and hormones interact to control
gallbladder function. News Physiol Sci, 1998, 13,
84–90.

9. McLaughlin J, Lucá MG, Jones MN, D’Amato M,
Dockray GJ, Thompson DG: Fatty acid chain length de-
termines cholecystokinin secretion and effect on human
gastric motility. Gastroenterology, 1999, 116, 46–53.

10. Mineo H, Iwaki N, Onaga T, Kato S: Effects of intra-
venous infusions of cholecystokinin-8 and pentagas-
trin on plasma concentrations of insulin and glucagon
in sheep. Res Vet Sci, 1994, 56, 298–302.

11. Miyasaka K, Funakoshi A: Cholecytostokinin and cho-
lecystokinin receptors. J Gastroenterol, 2003, 38, 1–13.

12. Morton MF, Welsh NJ, Tavares IA, Shankley NP:
Pharmacological characterization of cholecystokinin
receptors mediating contraction of human gallbladder
and ascending colon. Regul Pept, 2002, 105, 59–64.

13. Niederau C, Karaus M: Effects of CCK receptor
blockade on intestinal motor activity in conscious
dogs. Am J Physiol, 1991, 260, G315–G324.

14. Noble F, Wank SA, Crawley JN, Bradwejn J, Seroogy
KB, Hamon M, Roques BP: International Union of
Pharmacology. XXI. Structure, distribution, and func-
tions of cholecystokinin receptors. Pharmacol Rev,
1999, 51, 745–781.

15. Onaga T, Mineo H, Kato S: Effect of L364718 on in-
terdigestive pancreatic exocrine secretion and gastro-
duodenal motility in conscious sheep. Regul Pept,
1997, 68, 139–146.

16. Romañski KW: Characteristics and cholinergic control
of the ‘minute rhythm’ in ovine antrum, small bowel
and gallbladder. J Vet Med A, 2002, 49, 313–320.

17. Romañski KW: The rebound excitation triggered by
anticholinergic drugs in ovine pyloric antrum, small

&���  '�#$(##' 255

��� !�"#$�%&'&' (') )&*!#$&+! ,�$& &$" &' #�!!�



bowel and gallbladder. J Physiol Pharmacol, 2003, 54,
121–133.

18. Ruckebusch Y, Soldani G: Gallbladder motility in
sheep: effects of cholecystokinin and related peptides.
J Vet Pharmacol Ther, 1985, 8, 263–269.

19. Sayegh AI, Ritter RC: Cholecystokinin activates spe-
cific enteric neurons in the rat intestine. Peptides,
2003, 24, 237–244.

20. Schmidt WE, Creutzfeld W, Schleser A, Choudhury
AR, Nustede R, Höcker M, Nitsche R et al: Role of
CCK in regulation of pancreatobiliary functions and
GI motility in humans: effects of loxiglumide. Am
J Physiol, 1991, 260, G197–G206.

21. Snedecor GW, Cochran WG: Statistical Methods. The
Iowa State University Press, Ames, IO, 1971.

22. Titchen DA: Gastrointestinal peptide hormone distri-
bution, release and action in ruminants. In: Control of
Digestion and Metabolism in Ruminants. Ed. Milligan
LP, Grovum WL, Dobson AA, Reston Book, Prentice
Hall, Englewood Cliffs, 1986, 227–248.

23. Walsh JH: Gastrointestinal hormones. In: Physiology
of the Gastrointestinal Tract. Ed. Johnson LR, Raven
Press, New York, 1994, 1–128.

Received: December 23, 2003; in revised form: February
23, 2004.

256 ���� �� ����������� ����� ��� �������

K.W. Romañski


	CONTENTS
	Review Œ Pharmacological utility of melatonin in reducing oxidative cellular and molecular damage. 
	Synergistic effect of imipramine and amantadine in the forced swimming test in rats.
Behavioral and pharmacokinetic studies.
	Zofia Rogó¿, Gra¿yna Skuza, Maciej Kuœmider, Jacek Wójcikowski, Marta Kot, W³adys³awa A. Daniel	179


	Riluzole enhances the antiseizure action of conventional antiepileptic drugs against pentetrazole-induced convulsions in mice.
	Kinga K. Borowicz, Andrzej Sêkowski, Edyta
Drelewska, Stanis³aw J. Czuczwar	187

	A multicenter, placebo-controlled, double-blind study of efficacy of a new form of carbamazepine (CarbatrolR) in refractory epileptic patients.
	Wojciech Sobaniec, Wojciech Ku³ak, Joanna „migielska-Kuzia, Leszek Boækowski, Jerzy Majkowski, Joanna Jêdrzejczak	195

	Receptors for vasoactive intestinal peptide and pituitary adenylate cyclase-activating polypeptide in the goose cerebral cortex.
	Jolanta B. Zawilska, Pawe³ Niewiadomski, Jerzy Z. Nowak	203


	Up-regulation of renal Na+, K+-ATPase: the possible novel mechanism of leptin-induced hypertension.
	Jerzy Be³towski, Anna Jamroz-Wiœniewska, Ewelina Borkowska, Gra¿yna Wójcicka	213

	Central role of cAMP in the inhibition of glycogen breakdown and gluconeogenesis promoted  by leptin and insulin in perfused rat liver.
	Glaucia R. Borba-Murad, Márcia Vardanega-Peicher,
Sharize B. Galende, Rui Curi, Helenir M. Souza, Erica G. Mario, Bruna K. Bassoli, Roberto B. Bazotte	223

	role of an aminothiazole derivative on ethanol- and thermally oxidized sunflower oil-induced toxicity.
	Kode Aruna, Rajagopalan Rukkumani, Penumathsa Sureshvarma, Venugopal P. Menon	233

	Protective effect of S-allylcysteine and lycopene in combination against N-methyl-N™-nitro-N-nitrosoguanidine-induced genotoxicity.
	Balaiya Velmurugan, Sathiyavedu T. Santhiya, Siddavaram Nagini	241

	Ovine model for clear-cut study on the role of cholecystokinin in antral, small intestinal and gallbladder motility.
	Krzysztof W. Romañski 	247

	Penetration of cotrimoxazole components into skin after a single oral dose. Theoretical versus experimental approach.
	Andrzej Królicki, Adam Klimowicz, Stanis³awa Bielecka-Grzela,
Adam Nowak, Romuald Maleszka	257

	SHORT COMMUNICATIONS
	Influence of selected cardiological drugs on oxidative status.
	Maria Kopff, Edward Kowalczyk,
Anna Kopff	265


	Losartan may prevent the elevation of plasma glucose levels induced by chronic stress.
	
Yaðýz Üresýn, Bahar Erbaº, Mehmet Özek	271
	Note to contributors	279



