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A B S T R A C T

Cholecystokinin (CCK) is a short acting satiating peptide hormone produced in the proximal small

intestine. Daily CCK injection in rats initially inhibits food intake, but after several days, food intake is no

longer affected, suggesting development of tolerance. Previously, we covalently coupled CCK to a 10 kDa

polyethylene glycol (mPEG-OH) and showed that this conjugate, PEG-CCK9, produced a significantly

longer anorectic effect than unmodified CCK9. The present study examined whether tolerance to the

anorectic effect develops during long-term administration of PEG-CCK9. For 14 consecutive days, male

Wistar rats (n = 12) received a daily i.p injection of 8 mg kg�1 of PEG-CCK9 and a control group received a

daily control injection of mPEG-OH. Body weight and food intake were monitored daily during the

experiment. Effects on the pancreas were investigated. On each day, injection of PEG-CCK9 induced an

anorectic effect lasting 3–6 h, but failed to significantly reduce daily total food intake compared to

controls. The body weight gain of the PEG-CCK9-treated animals was not different from controls. The

PEG-CCK9-treated group had a significantly higher pancreas weight, mainly due to hyperplasia. In

conclusion, PEG-CCK9 continued to have a daily suppressive effect on food intake when administered for

14 consecutive days, showing there was no development of tolerance.

� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Cholecystokinin (CCK), a gut peptide released by the endocrine
cells of the duodenum and jejunum in response to the intraluminal
presence of nutrient digestive products, is known to induce a state
of post-prandial satiety. In a variety of species, including humans,
administration of CCK results in a significant short-lasting
reduction in food intake [2,13,18,32]. Although the physiological
role of endogenous CCK in the control of meal size has been
demonstrated [4], the functions of CCK in the regulation of energy
balance, particularly the overall meal-to-meal regulation, have not
yet been elucidated. Chronic infusion of CCK does not change food
intake after the first day [7] nor does it affect body weight [22]. One
explanation for the inability of chronic CCK administration to
reduce body weight is the rapid development of tolerance to the
actions of CCK on eating behavior [7]. On the contrary, West et al.
[39] demonstrated that meal-dependent CCK administration
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persistently reduced meal size, but then resulted in a compensa-
tory increase in meal frequency such that overall food intake was
no longer affected. The short action time of CCK and the rapid loss
of its effectiveness when chronically administered remain
obstacles to identify its mechanism of action and possible
applications for body weight management. In order to overcome
these difficulties, we successfully prolonged the anorectic effect of
CCK by PEGylating the peptide [20]. PEGylation is a method in
which a flexible strand or strands of polyethylene glycol (PEG) is
covalently attached to a protein or small drug molecule, improving
the pharmacokinetics of the PEGylated molecule [15,16,38]. Our
recent study demonstrated that the optimal PEGylated conjugate,
10 kDa PEG-CCK9, dose-dependently increases the duration of the
anorectic effect compared to the unmodified molecule by
stimulation of CCK1-receptors [36].

Besides inducing satiation, CCK plays a role in a number of other
gastrointestinal functions, including inhibition of gastric empty-
ing, maintenance of mucosal immunity [7] and stimulation of
gallbladder contraction, intestinal motility, pancreatic growth and
its secretory activities. Several studies have shown that continuous
stimulation of CCK1-receptors by infusion of CCK8 resulted in
increased proliferation of pancreatic acinar cells with a persistent
increase in pancreatic weight [27,33,41]. However, the effect of
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long-term administration of the newly synthesized peptide PEG-
CCK9 on food intake, body weights and pancreatic proliferation has
not yet been studied. The aims of this study were therefore (1) to
investigate whether the anorectic effectiveness of PEG-CCK9 was
lost during long-term administration due to tolerance develop-
ment, (2) to monitor its effect on body weight and (3) to study its
effect on the pancreas. Rats were given a daily intraperitoneal (i.p.)
injection of PEGylated CCK9 for 14 consecutive days and the effects
on food intake, body weight and pancreas proliferation were
monitored.

2. Materials and methods

2.1. Drugs, chemical reagents and other materials

The 10 kDa PEG-CCK9 conjugate was prepared as described by
Léon-Tamariz [20] and was quantified by analytical HPLC, calibrated
using pure CCK9 (Bachem, Bubendorf, Switzerland). The amounts of
PEG-CCK9 (mg kg�1) mentioned in the experiments indicate the
amount of peptide present in the conjugate. The 10 kDa non-active
linear methoxy polyethylene glycol [mPEG-OH or CH3-(OCH2CH2)n-
OH], used for control injections, was purchased from Nektar
Therapeutics (Huntsville, AL, USA). The PEG-CCK9 conjugate
consisted of 84.2% PEG and 15.8% CCK9 by weight. The amount of
mPEG-OH given in the control injection was the same as the amount
of PEG injected into the PEG-CCK9-treated animals.

2.2. Animals

The experiments were performed on 7-week-old male Wistar
rats with an initial body weight of 254 � 22 g (Janvier, Le Genest
Saint Isle, France). The animals (n = 24) were housed individually in
iron wire cages under standardized conditions (room temperature of
21 � 0.2 8C, 40–60% relative humidity, reversed 12:12 h light-dark
cycle with lights on at 10.00 p.m. and lights off at 10.00 a.m.),
according to European guidelines on animal care. The rats had free
access to water. Complete powdered rodent food (Sniff, Bioservices,
Schaijk, The Netherlands), presented in special feeders to avoid
spillage, was provided as described in the experimental design. The
animals were adapted to the experimental conditions and to i.p.
injections 2 weeks before the start of the experiment.

2.3. Experimental design

2.3.1. In vivo experiment

After the 2-week adaptation period, the young rats were
divided into two groups of 12. One group received a daily i.p. bolus
injection of 8 mg kg�1 of PEG-CCK9 in 0.5 ml of saline at 15 min
before dark onset for 14 consecutive days. Each time the PEG-
CCK9-treated animals received their daily injection, a control group
received an i.p. injection of 42.6 mg kg�1 of mPEG-OH dissolved in
0.5 ml of saline. Both treatment groups had free access to food,
except for the hour before dark onset during which the mangers
were withdrawn to synchronize the beginning of food intake. The
food intake of the two groups was measured at 3, 6 and 23 h after
dark onset. Body weights were measured daily, half-hours before
drug injection, in order to adjust the amount of injected drug to the
changed body weight.

2.3.2. Pancreatic tissue sampling and analysis

The pancreas was excised, dissected free from fat, connective
tissue and lymph nodes and weighed. Part of the pancreas was
fixed in buffered 4% formaldehyde (Sigma) and sections cut and
stained with hematoxylin-eosin. The other part of the pancreas
was snap frozen in liquid nitrogen and stored at�80 8C for analysis
of water, protein and DNA content. The tissue was homogenized in
RNase/DNAse-free distilled water using a Tissuelyser mixer-mill
disruptor (Qiagen, Venlo, Netherlands). The protein concentration
in the homogenate was measured by the method of Lowry et al.
[21] with bovine plasma albumin as the standard (BCA protein
assay and standard, Pierce, Rockford, IL, USA). Pancreatic DNA was
measured fluorimetrically by the Hoechst DNA assay (Sigma–
Aldrich, Bornem, Belgium) [19], using calf thymus DNA (Pierce
Rockford, IL, USA) as the standard. To measure the pancreatic water
content, tissue from each pancreas was weighed before and after
freeze-drying in a Heto Drywinner system and the water content
calculated as a percentage of the wet weight.

2.3.3. Blood analysis

After drug injection on day 14, the rats were anaesthetized with
ether and blood and serum samples were collected in appropriate
collection tubes (Vacutainer, BD, Belgium). Serum samples were
prepared by centrifugation, then aliquoted and frozen at �80 8C
until analysis. Blood substrates and enzymes (kidney, pancreas and
liver tests) were determined in serum by a clinical assay procedure
using an Integra 400 calibrated with a calibrator for automatic
systems (Roche, Basel, Switzerland).

2.4. Data analysis and statistical procedures

The results are shown as the mean � S.E.M., unless otherwise
specified. The 3, 6 and 23 h daily food intake data was analyzed by
two-way analysis of variance, with one repeated measures factor
(time). To evaluate possible changes of effectiveness of the anorectic
effects of PEG-CCK9 during the experimental period, the difference of
food intake between the control animals and PEG-CCK9-treated
animals at 3, 6 or 23 h was plotted over time (days) and approximated
by linear regression. To analyze the body weight change of the
growing rats, cumulative growth (Y) was plotted vs. time (X) and was
fitted by linear regression. A t-test was used for comparisons between
the two unpaired treatment groups. Because of the presence of
outliers, lipase and amylase serum levels were analyzed by a non-
parametric Mann Whitney test. All statistical analysis were
performed using GraphPad Prism (Version 4, San Diego, CA, USA).
A P-value <0.05 was considered statistically significant.

3. Results

3.1. In vivo feeding experiment: food intake analysis

The cumulative food intake measured at 3, 6 or 23 h after a daily
i.p. bolus injection of 8 mg kg�1 of PEG-CCK9 or control vehicle is
depicted in Fig. 1. Two-way ANOVA revealed a significant
treatment effect on the 3 h (P = 0.0003) and 6 h food intake
(P = 0.0057), but not on the 23 h food intake (P = 0.164). There was
a significant day effect (P < 0.05), but not a significant interaction
for the 3, 6 and 23 h food intake (P > 0.05).

A non-significant 5% difference (P = 0.164) was observed in
overall food intake during the entire experiment, the control group
consuming on average 359.2 � 10.0 g during the experimental
period compared to 341.3 � 7.4 g for the PEG-CCK9 group.

In order to assess whether the effect of PEG-CCK9-treatment was
habituating over the course of the experiment, the amount eaten on
the first and the thirteenth day was compared. The PEG-CCK9-group
showed a significant decrease from the first to the thirteenth day in
both the 3 and 6 h food intake as well as in the 23 h food intake (t-
test; P(3 h) = 0.008; P(6 h) = 0.008; P(23 h) = 0.004), but the
saline groups did not (P > 0.05). In addition, a linear regression
analysis of the food intake inhibition represented as the
differences in food intake between both treatment groups
(Fig. 2), revealed a significant upward trend for the 6 and 23 h
food intake measurements (slope (6 h) = 0.09125 � 0.02649;



Fig. 1. Food intake over the period 0–3 h (A), 0–6 h (B) and 0–23 h (C) of the control

and PEG-CCK9-treated animals plotted vs. time. A significant effect of the PEG-CCK9-

treatment was observed by two-way repeated measures ANOVA for the 0–3 h

(P = 0.0003) and 0–6 h period (P = 0.0057), but not for the 0–23 h period (P = 0.164).

No interaction was observed for all three periods. Means � S.E.M. are depicted.

Fig. 2. Linear regression of the daily food intake reductions over the period 0–3 h

(A), 0–6 h (B) and 0–23 h (C), expressed as the differences between the controls and

the PEG-CCK9-group. A significant upward trend for the 6 and 23 h food intake

measurements was observed (slope (6 h) = 0.09125 � 0.02649; P(6 h) = 0.006; slope

(23 h) = 0.1174 � 0.03351; P(23 h) = 0.005), but not for the 3 h food intake (slope

(3 h) = 0.01598 � 0.03521; P(3 h) = 0.659).

Fig. 3. Effect of daily i.p injection of 8 mg kg�1 of PEG-CCK9 or mPEG-OH on body

weight change. The results are presented as cumulative body weight gain

(g animal�1) over time approximated by linear regression (mean � S.D. are

depicted). A linear relationship between growth and time is present (control:

slope = 5.63 � 0.12; P < 0.0001; PEG-CCK9: slope = 5.40 � 0.12; P < 0.0001). There is

no significant difference in slope between the control and PEG-CCK9-injected animals.
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P(6 h) = 0.006; slope (23 h) = 0.1174� 0.03351; P(23 h) = 0.005). No
upward or downward trend was observed for the 3 h food intake as the
slope was not significant different from zero (slope (3 h)
= 0.01598� 0.03521 P(3 h) = 0.659).

3.2. In vivo feeding experiment: body weight change

Linear regression analysis of the cumulative body weight gain
revealed a linear relationship between growth and time for both
treatment groups (control: slope = 5.63 � 0.12; P < 0.0001; PEG-
CCK9: slope = 5.40 � 0.12; P < 0.0001 (Fig. 3). No significant differ-
ence in slope between the control and PEG-CCK9-injected animals
was observed. This indicates that both treatment groups have an
identical growth rate. The body weights at day 14 and the body
weight gain over 14 days were not different (Table 1).

3.3. Pancreatic tissue analysis

As shown in Table 1, daily i.p injection of 8 mg kg�1 of PEG-CCK9

for 14 consecutive days resulted in a significant increase in



Table 1
Effect of a daily i.p injection of 8 mg kg�1 of PEG-CCK9 or mPEG-OH (control) for 14 consecutive days on body weight, pancreatic wet weight, pancreatic DNA, protein and

water contents measured on day 14a.

Controls PEG-CCK9 Statistical significance P-value

Body weight (g) 335.0 � 9.9 330.8 � 5.6 0.717

Body weight gain over 14 days (g) 72.5 � 2.8 68.3 � 2.3 0.346

Pancreatic wet weight (g) 1.43 � 0.03 2.32 � 0.09 <0.0001

DNA (mg g�1 pancreas) 2.56 � 0.2 6.20 � 0.5 <0.0001

Protein (mg g�1 pancreas) 125.70 � 4.3 149.30 � 7.1 0.007

Protein/DNA ratio 57.43 � 4.6 28.20 � 2.7 <0.0001

Water content (%) 74.98 � 1.1 76.98 � 0.7 0.1463

a Values are expressed as the mean � S.E.M.

Fig. 4. Effect daily i.p injection of 8 mg kg�1 of PEG-CCK9 or mPEG-OH on lipase serum levels (A) and amylase serum levels (B) represented as a vertical scatter plot. The means

are displayed as horizontal lines. A highly significant increase in serum concentrations of both lipase and amylase is observed in the PEG-CCK9 group.
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pancreatic-wet weight. In addition, pancreatic protein and DNA
contents of the PEG-CCK9 group were significantly increased, while
the protein/DNA ratio was significantly decreased. No significant
differences were observed in pancreatic water content. A markedly
significant increase in serum concentrations of both lipase
(P = 0.0036) and amylase (P = 0.0209) activities was observed in
the PEG-CCK9 group (Fig. 4A and B). This was mainly due to the
results for 3 of the 12 PEG-CCK9-treated rats, which had extremely
high values and pathological study of the pancreas revealed
marked inflammation in these three rats. However, a student t-test
after exclusion of the 3 aberrant values revealed that serum
concentrations of lipase were still significantly higher in the other
9 rats than in the control (P = 0.0050). This was not the case for
amylase (P = 0.106).

3.4. Kidney and liver tests

Table 2 shows the effects of a daily i.p. injection of 8 mg kg�1

PEG-CCK9 or mPEG-OH (control) for 14 consecutive days on several
serum parameters, in particular kidney and liver function tests.
Statistical analysis showed there were no differences in terms of
urea, creatinine, uric acid and total protein. There were also no
differences in bilirubin, aspartate aminotransferase (AST) and
alkaline phosphatase (ALP), but alanine aminotransferase (ALT)
Table 2
Effects of a daily i.p. injection of 8 mg kg�1 of PEG-CCK9 or mPEG-OH (control) for 14 c

Controls

Kidney tests

Urea (mg dl�1) 38.85 � 0.89

Creatinine (mg dl�1) 0.24 � 0.01

Uric acid (mg dl�1) 1.59 � 0.18

Total protein (g l�1) 55.39 � 0.60

Liver tests

Bilirubin, indirect (mg dl�1) 0.088 � 0.01

Aspartate aminotransferase (AST) (mg dl�1) 85.58 � 3.13

Alanine aminotransferase (ALT) (mg dl�1) 57.58 � 2.38

Alkaline phosphatase (ALP) (mg dl�1) 203.80 � 10.14

a Values are expressed as the mean � S.E.M.
activity was significantly decreased in the PEG-CCK9-treated
group.

4. Discussion

The present study demonstrated that once-daily i.p. injection of
8 mg kg�1 of PEG-CCK9 induced a significant inhibition of the 3 and
6 h food intake every day for 14 consecutive days. The total food
intake (23 h) was, relative to controls, daily reduced with 5 � 0.6%,
but this reduction was not statistically discernable at the 5% level. An
important goal of this study was to observe whether rats develop a
tolerance to PEG-CCK9-administration when injected on a daily basis.
Tolerance is defined by Goodman and Gilman [14] as ‘‘when, after
repeated administration, a given dose of a drug produces a decreasing
effect, or conversely, when increasingly larger doses must be
administered to obtain the effects observed with the original dose.’’
No evidence for the development of tolerance to the PEG-CCK9-
administration was found in our experimental set-up. On the
contrary, linear regression of the daily food intake reductions
revealed that the anorectic effects of PEG-CCK9 may even increase
during the course of the experiment. The effectiveness of the PEG-
CCK9 injection on the 3 h food intake did not change during the 14
consecutive injection days (Fig. 2A) whereas the inhibitory effects on
the 6 h and 23 h increased as the experimental period proceeded
onsecutive days on several serum parametersa.

PEG-CCK9 Statistical significance P-value

42.61 � 1.80 0.075

0.23 � 0.01 0.871

1.30 � 0.14 0.204

55.28 � 0.38 0.871

0.081 � 0.01 0.489

84.42 � 3.76 0.814

49.92 � 2.19 0.027

194.80 � 10.62 0.543
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(Fig. 2B and C). The observation of the lack of tolerance development
to PEG-CCK9 when daily injected is opposed to reports using the
unmodified peptide. Mineka and Snowdon [23] showed that the
effect of CCK habituated with repeated daily injection, or, in other
words, a tolerance to the drug developed. Crawley and Beinfeld [7]
showed that chronic infusion of CCK via an osmotic minipump did not
affect food intake beyond the first administration day and suggested
that a rapid development of behavioral tolerance to the infused
peptide was responsible for the observed loss of effectiveness. Others
[22] suggested that the low dose used in this experiment
(1 mg kg�1 h�1) was probably insufficient to induce a satiety response
and could therefore not explain the loss of food intake inhibition after
1 day. These authors demonstrated that continuous infusion of high
enough doses of CCK (11.6 mg kg�1 h�1) over a 7-day period affected
food consumption for 4 days, but an increase in the number of meals
resulted in a normalization of daily food intake to control levels by
day 4. West et al. [39] found that meal-dependent CCK administration
persistently reduces meal size, but, after 4 days of administration,
ceased to affect the 24 h food intake due to a compensatory increase
in meal number. Although the meal-contingent injections of CCK in
the experiment of West et al. [39] did persistently reduce meal size,
the average meal size did gradually increase, indicating that the
effectiveness of the peptide in inhibiting food intake did diminish
during the experimental course. This is in contrast with the observed
sustained effectiveness with repeated PEG-CCK9-administration. The
reason for the persistent food intake inhibition with PEG-CCK9-
administration, lasting 3–6 h every day, could be diverse. First of all,
the prolonged and sustained anorectic effectiveness of the conjugate
might be a result of the PEGylation process. PEGylation is known to
increase the circulation time in the body by protecting the active
molecule from proteolytic enzymes and shielding immunoreactive
sites [15,16]. The increased half-life of the PEGylated CCK9, due to the
higher resistance of the peptide to proteolysis, results in a prolonged
anorectic effect of the conjugate in comparison to the unmodified
peptide [20,36]. A dose of 8 mg kg�1 of unmodified CCK9 induces an
anorectic effect lasting less than an hour whereas an identical dose of
PEG-CCK9 results in a 6 h lasting food intake reduction [36].
Moreover, the presence of the PEG-tail, making the protein more
non-immunogenic and non-antigenic [1,15,16,31,38], might also be
responsible for the lack of tolerance development. The PEG-tail might
prevent the development of CCK receptor sub sensitivity, a
mechanism which might be responsible for the observed tolerance
development using the unmodified CCK [7,28,42]. Secondly, we also
need to consider the possibility that part of the persistent anorectic
effects of daily dosing PEG-CCK9 could be the result of malaise due to
the drug instead of satiety. Some authors provided evidence that the
unmodified CCK may induce condition taste aversion and as such
suppresses feeding due to temporary malaise [3,8,9,24]. However the
proof of a CCK-induced condition taste aversion is not that clear-cut
and remains a controversial issue [11,12,30,34,40]. We therefore
previously investigated the ability of PEG-CCK9 to induce a
conditioned taste aversion (CTA). We demonstrated that PEG-CCK9

induces both satiety and CTA and that both effects increase with dose
[37]. A dose of 8 mg kg�1 was the minimal effective dose to produce
CTA. However, even at this dose, the PEGylated conjugate is more
potent in inducing satiety, suggesting that the anorexia cannot be
completely attributed to the aversiveness of the drug [37]. Experi-
ments using smaller doses of PEG-CCK9 and thus inducing a lesser
degree of aversiveness, might be useful to unravel the contribution of
the PEG-CCK9-induced CTA in the observed lack of tolerance.

PEG-CCK9-treatment failed to significantly suppress the 23 h
food intake compared to controls. The absence of a suppressive
effect on total food intake implies a compensatory eating behavior
in the period 6–23 h, probably due to a change in meal pattern. An
increased meal frequency, the compensatory behavior observed
after unmodified CCK administration [39], might, in the period 6–
23 h, be responsible for the catch-up in overall food intake. Future
studies, monitoring the detailed microstructural feeding pattern of
the PEG-CCK9 rats might reveal the compensatory feeding behavior
in the 6–23 h interval.

The body weight change in the PEG-CCK9-treated rats was not
different from that in the control group. This observation is not
surprising, as the daily total food intake of the PEG-CCK9-treated
rats was not significantly suppressed. Earlier studies showed that
chronic administration of unmodified CCK did not have a
significant effect on body weight beyond the first day of infusion
[7,22,39]. This lack of effect on body weight was ascribed to the
rapid normalization of food consumption to control levels.

Daily i.p injection of 8 mg kg�1 of PEGylated CCK9 for 14
consecutive days resulted in increased serum levels of both lipase
and amylase. Furthermore, a significant increase in pancreatic wet
weight was observed, which was mainly due to hyperplasia, as
both the DNA and protein contents were significantly increased
and the protein/DNA ratio was significantly decreased. These
observations are in concordance with studies using the unmodified
peptide, reporting that CCK stimulates pancreatic secretion in
animals and man [10,35] and to be a trophic factor inducing
exocrine pancreatic hypertrophy and hyperplasia [5]. Several
studies have demonstrated that the effect produced in the
pancreas depends on the CCK administration method. Intermittent
injection of CCK did not result in an increased pancreatic wet
weight, as cell proliferation was outweighed by apoptosis and
disruption of CCK receptors, while continuous CCK infusion
induces a transient increase in acinar cell proliferation with an
ensuing persistent increase in pancreatic wet weight [29,33].
Increased down regulation of CCK1-receptors might explain the
transient increase in proliferation [28]. In our study, it seems that
intermittent injection of the PEGylated conjugate of CCK induced a
similar trophic effect on the pancreas to that seen with continuous
infusion of the unmodified peptide. The occurrence of apoptosis
could not be excluded in this study, as no apoptotic parameters
were measured, but, if present, proliferation certainly dominated
both apoptosis and CCK1 receptor down regulation.

Administration of large doses of CCK analogues causes
pancreatitis in rodents [6,25,26]. In the present study, pathological
signs of pancreatitis were observed in 3 of the 12 PEG-CCK9-treated
rats, which displayed marked leukocytic infiltration of the exocrine
part of the gland and abnormally increased serum lipase and
amylase activity. The other 9 rats also displayed a significant
increase in serum lipase but not in amylase activity, although no
pathological signs were observed.

There were no significant differences in urea, creatinine, uric
acid and total protein, suggesting normal kidney functioning after
long-term administration of the PEGylated conjugate.

Furthermore, liver function tests, including bilirubin, ALT, AST
and ALP, indicated that long-term administration of PEG-CCK9 did
not cause any liver damage or malfunction. Significantly lower ALT
levels were observed in the PEG-CCK9-group compared to the
controls. The reason for this lower ALT value remains to be
clarified.

The findings that this long-acting CCK-derivative does not
significantly reduce body weight nor total daily food intake and may
cause pancreatitis cast doubt about the usefulness of the this
conjugate as a therapeutic agent in obesity. Nevertheless, this
PEGylated peptide may be a useful investigative tool for studies such
as researching pancreatic function and disease or neuropeptide
interactions in the regulation of the energy balance. Moreover, PEG-
CCK9 might contribute to the further investigation of CCK’s role in
regulation of the gut-associated lymphoid tissue (GALT) [17].

In conclusion, 8 mg kg�1 of PEG-CCK9 continued to have a daily
3–6 h suppressive effect on food intake when administered for 14
consecutive days, suggesting there was no development of
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tolerance. PEG-CCK9-treatment at this dose had no significant effect
on body weight. Long-term administration of PEG-CCK9 at the dose
used had no pathological effects on the liver and kidney, but induced
pancreatic hyperplasia and, in some cases, pancreatitis.
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