
003 1-3998/89/2505-0478$02.00/0 
PEDIATRIC RESEARCH 
Copyright 0 1989 International Pediatric Research Foundation, Inc. 

Vol. 25, No. 5, 1989 
Printed in U. S.A. 

Alterations of Pancreatic Growth and of GP-2 
Content in the Reserpinized Rat Model of Cystic 

Fibrosis1 

FRANCOIS A. LEBLOND, JEAN MORISSET AND DENIS LEBEL 

Centre de Recherche sur les M~canisrnes de Skcrktion, Faculty of Science, University ofSherbroolce 
Sherbrooke, QC, Canada, J IK2Rl  

ABSTRACT. The chronically reserpinized rat is an exper- 
imental model for cystic fibrosis. In this study, we report 
the effects of two doses of reserpine (0.5 and 1.0 m g  kg-'. 
d-') on the growth of the pancreas and on its content of 
the glycoprotein GP-2, a characteristic protein of the zy- 
mogen granule. An assessment of the effects of secondary 
malnutrition induced by the drug was also performed by 
adding a group of pair-fed animals. During the 7 d of 
treatment, body wt and food intake were monitored. These 
two parameters were significantly affected from the 4th d 
on. Pancreatic wt, DNA, protein, and activity of amylase 
and chymotrypsinogen were measured after 4 and 7 d of 
treatment; lipase activity and GP-2 content, after 7 d. 
Although the DNA content never did change, total protein 
diminished by 27% at the higher dose of reserpine. Pan- 
creatic wt, amylase activity and GP-2 content were reduced 
by the treatment, while chymotrypsinogen and lipase activ- 
ities were increased. Effects on pancreatic wt, amylase, 
chymotrypsinogen, and GP-2 were dose-dependent. Mal- 
nutrition had effects similar to reserpine on body wt, pro- 
tein, amylase, and chymotrypsinogen. Pancreatic wt, lip- 
ase, and GP-2, however, were specifically altered by the 
chronic reserpine treatment. It is concluded from these 
results that reserpine induces, in the pancreas, specific 
alterations that are distinguishable from the accompanying 
malnutrition. These findings support the use of pancreatic 
wt, lipase, and GP-2 as specific markers of the effects of 
the drug on the pancreatic tissue in the chronically reser- 
pinized rat model for cystic fibrosis. This is the first report 
of a modulation of GP-2 content induced by any treatment. 
It suggests that GP-2 is directly affected in the pancreas 
of the chronically reserpinized rat. (Pediafr Res 25:478- 
481,1989) 

Abbreviations 
CF, cystic fibrosis 
GP-2, the major pancreatic granule membrane glycoprotein 
R group, rats injected at 0.5 mg . kg-'. d-' with reserpine 
2R group, rats injected at 1.0 mg . kg-'. d-' with reserpine 

CF is the most common genetic disease in the Caucasian 
population, occurring once in every 2000 live births. It is char- 
acterized by a generalized disorder of the exocrine glands. The 
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primary defect of the CF cell is not yet known. Studies of the 
alterations of the pancreatic functions in CF have been made 
particularly difficult by the unavailability of pathologic human 
tissue. As the disease does not exist in animals, a model has been 
developed. Chronically reserpinized animals (1, 2) have been 
adopted as such a model because of histologic, physiologic, and 
biochemical similarities of treated animals with CF patients. To 
investigate pancreatic disorders induced by the treatment, the 
chronically reserpinized rat has been studied in detail (3-8). In 
addition to impaired exocrine secretion (3, 6) and decreased 
amylase content (8), the pancreas of treated animals also shows 
morphologic alterations. Ultrastructural observations on purified 
zymogen granule preparations show damaged membranes and a 
much lower density of their content (6, 9). 

The integral protein constituting more than 25% of the pro- 
teins in the membrane of the pancreatic secretion granule is 
called GP-2 (10). An equivalent amount of this glycoprotein is 
also found as a component of the soluble zymogens in the granule 
content (1 1). No biochemical or physiologic role has yet been 
ascribed to GP-2, but as it is so abundant in the granule, the 
total amount of GP-2 could be related to the capacity of the 
pancreas to assemble zymogen granules efficiently. As reserpine 
significantly hampers the pancreatic secretory response and the 
assembly of granules (6, 9), chronic reserpine injections could 
possibly act through the modulation of the total amount of GP-2 
in the pancreas. 

This study was undertaken to determine the specific effects of 
reserpine treatment on parameters of pancreatic growth and on 
the amount of GP-2 in the gland. To do this, groups of pair-fed 
rats were used to discriminate between the direct effect of the 
drug and the effect of the diminution in food intake that the 
treatment induces. 

MATERIALS AND METHODS 

Treatments. Male Sprague-Dawley rats, weighing between 200 
and 275 g, were injected daily, intrapentoneally, with reserpine 
(0.5 or 1.0 mg. kg-') in a solution of benzyl alcohol, polyethylene 
glycol 300, and acetic acid (Martinez JR, personal communica- 
tion). Each group was made up of 12 individually housed rats. 
Two control groups were injected either with saline or with the 
vehicle used to dissolve the drug. No differences were observed 
on all the parameters measured for these two control groups. 
Therefore the group of animals, sham injected with the drug's 
vehicle, was adopted as the control. During treatment, animals 
received water and food (rat food) ad libitum. The control 
injected group of pair-fed animals received an amount of food 
equal to the one ingested the day before by the group treated 
with reserpine at 0.5 mg.kg-I. Each animal was weighed daily 
before injection, and again just before being killed. 

Biochemical determinations. After 4 or 7 d of treatment, 
animals were fasted overnight before they were killed by decap- 



PANCREATIC GROWTH AND GP-2 CONTENT 479 

itation. Pancreases were immediately excised, dissected to re- 
move the fat, weighed, and split in three parts for determination 
of different parameters. DNA was extracted and determined from 
=lo0 mg of tissue (one-tenth of the gland) homogenized in 0.6- 
N perchloric acid (12, 13). The rest of the gland was divided into 
two identical pieces. The first piece was homogenized in ice-cold 
Na2HP04 for protein and enzyme activity determinations. Pro- 
tein, amylase, and chymotrypsinogen were assayed according to 
previously published procedures (1 4-1 6). Lipase was assayed by 
titration of the fatty acids released from a substrate of olive oil 
in the presence of arabic gum as an emulsifier ( 1  7). The second 
fragment was used for the quantitation of GP-2. 

Immunochemical quantitation of GP-2 in zymogen granules. 
Tissue was homogenized in 0.65-M sucrose containing 8-mM 
sodium cacodylate buffer, pH 6.0, and 0.5-mM phenylmethyl- 
sulfonyl fluoride. In summary, the preparation of the granule 
fraction was done by successive differential centrifugations in 
buffered sucrose according to previously published procedures 
(18). The granule fraction was then completely solubilized in 
SDS-Triton X-100 in order to solubilize quantitatively all the 
GP-2 (19). This sample was used to determine the amount of 
GP-2 by immunoelectrophoresis (1 1). Amylase and protein de- 
terminations were carried out on a fraction that was kept free of 
detergent. As GP-2 was measured in a granule fraction because 
the homogenate of the gland contained an insufficient proportion 
of antigen ( I  I), the total pancreatic content of GP-2 was esti- 
mated by dividing the amount of GP-2 measured in this granule 
fraction by the yield of amylase recovered in the fraction. This 
estimation takes into account the variation in the yield of purified 
granules obtained from each rat. - 

All data were analyzed using a nonparametric (Kruskal-Wallis) 
1 -way ANOVA coupled to a multiple comparison test (Conover's 
test) on rank (20). 

Materials. Reserpine, polyethylene glycol 300, and Triton X- 
100 were from Sigma Chemical Co. (St. Louis, MO). SDS was 
from Bio Rad Laboratories (Richmond CA). All other chemicals 
were at least of ACS reagent grade quality. 

RESULTS 

Induction of the pathology was monitored throughout the 
course of the 7-d reserpine treatment by weighing the animals 
(Fig. 1) and by measuring the amount of food ingested (Fig. 2). 
The effect of reserpine on body wt was not significant before the 
4th d of treatment for the group injected with 0.5 mg.kg-' of 
reserpine (R group). For the 2R group, however, effect of the 
treatment was already significant after 2 d of treatment (Fig. I). 
The effect on food intake for the R group (Fig. 2) was significant 
after 4 d, as was the effect on body wt. The effect of treatment 
on pancreatic wt was evaluated after 4 and 7 d (Fig. 3). No 
significant differences were observed at d 4, but pancreases of all 
treated animals were significantly smaller after the 7th d of 
injection for both the 0.5 and 1.0 mg.kg-' groups (Fig. 3). 
Pancreatic wt of the R group decreased by 15%, the 2R group 
by 26%. By contrast, while body wt of the group of pair-fed rats 
decreased (from 220 + 2.9 at d 0 to 202 5 3.0 g at d 7) in parallel 
with the group with which it was paired (R) (from 213 + 2.5 at 
d 1 to 194 5 4.6 g at d 7), no significant decreases of pancreatic 
wt of these pair-fed animals were detected (Fig. 3). This latter 
observation shows that daily chronic reserpine injections induced 
a direct and dose-dependent effect on the wt of the pancreatic 
tissue. 

Trophic effects. The effects of chronic reserpine injection on 
the pancreatic growth have never been measured. Consequently, 
we have determined the effects on total DNA in addition to the 
determination of total protein and content of three zymogens, 
for instance amylase, chymotrypsinogen and lipase. These pa- 
rameters were determined after 4 and 7 d of treatment. 

Protein and DNA contents were estimated in order to deter- 
mine if the decreases observed in pancreatic wt may be due to 
atrophy or aplasia of the gland. Results in Table 1 reveal that 

Day of treatment 
Fig. 1. Effect of chronic reserpine injection on growth of rats. Rats 

were weighed daily before injection. One group of 12 rats, R, was injected 
with reserpine at 0.5 mg. kg-' .d-' (filled circles), another group, 2R, 
with 1.0 mg.kg-'.d-' (open triangles). The control group, C (open 
circles), was injected with a similar vol of vehicle used to solubilizc 
reserpine. At the end of d 6, rats were fasted overnight before being 
killed. Individual rats are plotted. Differences between the control group 
and the treated ones were significant ( p  < 0.05) after d 4 and d 2 for 
groups R and 2R, respectively. Body wt of rats in the two groups fed in 
pairs evolved in an identical manner. 

Day of treatment 

Fig. 2. Effect of chronic reserpine injection on food intake. Rats were 
fed with powdered rat food, and the food intake was recorded daily. Data 
for individual rats are plotted. The treated group of animals (12 rats), K 
filled circles), was injected with 0.5 mg.kg-' .d-' of reserpine. Food 
intake became significantly different ( p  < 0.05) with the group of control 
animals, C (open circles), at d 4. 

total DNA contents remained similar in all groups and at all 
times. As for the protein content, the only significant decrease 
(-27%) was observed on the 2R group after 7 d. Judging by the 
protein/DNA ratio, only a slight cellular atrophy was induced at 
the end of the treatment. As the pair-fed group of rats also 
showed a similar atrophy, it is concluded that cellular atrophy 
could also be caused by fasting and that it could not solely be 
attributed to the reserpine treatment. 

The drug had two opposite effects on individual pancreatic 
zymogens. Although amylase activity decreased, chymotrypsin- 
ogen and lipase activities increased. The effect on the amylase 
content were progressive with time, and the amplitude of the 
decrease was a function of the dose of reserpine used. By contrast, 
increase in chymotrypsinogen content was not as dose-dependent 
as the variations were for amylase. Lipase content increased by 
239% after 7 d of injection with 0.5 mg of reserpinelkg. When 
compared to the group of pair-fed animals, effects on amylase 
and chymotrypsinogen were not significantly different from 
those of treated animals. By contrast, lipase content was dramat- 
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ically increased by a factor of 2.4 in the R group but was not 
affected in the pair-fed group. It can be concluded that fluctua- 
tions in amylase and chymotrypsinogen contents of the pan- 
creatic tissue that were also observed in pair-fed animals could 
partly be imputed to the malnutrition endured by the animals 
during the treatment. Lipase activity, however, was drastically 
increased (239% of controls) in treated animals, establishing in 
this case a specific effect of the drug. 

GP-2 content of zymogen granules. Finally, variations in the 
amount of GP-2, the protein characteristic of the zymogen 
granule membrane (10, 2 l), were evaluated after treatment with 
reserpine. After 7 d at 0.5 mg.kg-', the content of GP-2 was 
decreased by 30% (Table 1). In the treated group injected with 
twice the dose, its content decreased by 43%. By contrast, the 
pair-fed group of rats responded in a totally opposite manner by 
a remarkable increase of 370% over the control level. It thus 
appears that reserpine specifically depleted the pancreas of GP-2 
in a dose-dependent manner, while malnutrition induced an 
increase in GP-2 contents. As, in the pair-fed rats, amylase 
contents were diminished (Table 1) and the total number of 
secretory granules not increased (22), the augmentation of GP-2 
observed in these animals could not be attributed to an accu- 
mulation of granules in the cell. 

DISCUSSION 

Chronic reserpine injection of rats is presently the most ac- 
cepted of the few models available to study the pathology of CF 
in animals. In this report, we have measured the effects of such 
a treatment on pancreatic growth and on the contents of zymo- 
gens as well as on the amount of a specific secretory granule 
protein, GP-2. These parameters were analyzed I)  to determine 
which one of these effects was specific to the drug and not 
secondary to malnutrition, 2)  to assess the dose dependence of 
these effects, and 3) to see how the zymogen granule GP-2 
protein concentration was altered during this treatment. 

Our results show that daily reserpine injections for 7 d had a 
direct effect, which cannot be attributed to malnutrition, on 
three of the measured parameters: the lipase content, the GP-2 
content, and the wt of the pancreas. This conclusion is justified 
by two observations: I )  the dose-dependence of these effects and 
2) by the fact that reserpine on one side and malnutrition on the 
other (pair-fed animals), clearly produced different effects on 

C R 2R C R 2R PF 

DAY 4 DAY 7 
Fig. 3. Effect of chronic reserpine injection on pancreatic growth. 

Groups of 12 rats were injected with reserpine at 0.5 mg.kgl .d- '  (R) or 
1.0 m g  kg-' .d-' (2R), or with the vehicle used to solubilize the drug (C). 
One group of rats was sham injected and pair fed (PF) with the R group. 
Pancreases were excised and weighed at d 4 and d 7 of treatment. 
Pancreatic wt is expressed as percentage of the sham-injected group (C) 
at the appropriate day. No differences were observed at d 4 between.any 
of the groups. Significant differences were measured at d 7 between both 
treated groups (R and 2R), indicated by *. Significant differences were 
also observed at d 7 between treated group R and group 2R, indicated 
by **. PF animals did not show any differences of pancreatic wt with 
control group C. 

these three parameters. In contrast, the decreased content of 
amylase, the increased content of chymotrypsinogen, and the 
diminution in body wt cannot specifically be attributed solely to 
reserpine because malnutrition alone could also induce similar 
effects in the group of pair-fed animals. The latter conclusions 
are similar to those of Hazlett et al. (23) and Webster et al. (24), 
who also observed that decreased levels of amylase and total 
proteins could be secondary to malnutrition. The increase ob- 
served in lipase content, however, was not observed by Hazlett 
et al. (23). They found no differences with pair-fed animals. 
Except for their use of subcutaneous rather than the conventional 
intraperitoneal injections, no major differences of protocol could 
easily explain these discrepancies between their observations and 
ours. Nevertheless, the increased lipase activities that we observed 
were very high (2.4-fold) and agrees with previous observations 
by Christophe et al. (25) that malnutrition alters differently the 
pancreatic contents of amylase and lipase. 

Another insight into the effect of the treatment on the pan- 
creatic tissue has been evaluated by measuring the total DNA 
content of the gland. As DNA contents were never affected, it 
can be concluded that reserpine even at a high dose (1 mg. kg-') 
did not alter the total number of cells in the gland, therefore the 
growth of the tissue. Instead, the drug affects the cellular metab- 
olism of the pancreas, resulting in increased lipase content and 
decreased GP-2 content. 

Pancreatic wt in the R and 2R groups diminished by 15% and 
26%, respectively. We know that this effect of reserpine on 
pancreatic wt was specifically produced by the drug in the R 
group. These effects could not be attributed to a decrease in total 
pancreatic proteins as proteins constitute no more than 15% of 
the pancreatic wt (23, 24). This atrophy is probably due to a 
decreased water content of the tissue, as it has already been 
observed after fasting (24). 

The behavior of GP-2 upon daily injections of reserpine and 
under malnutrition is the first report of a variation in the content 
of this glycoprotein in an experimental condition. Therefore, 
chronic reserpine injection is a means by which one can alter the 
pancreatic content of GP-2, the specific glycoprotein of the 
pancreatic zymogen granules. As we do not know the exact role 
of GP-2 in the secretory process of the pancreas, it is difficult to 
rationalize the possible significance of these effects. As the GP-2 
protein is in continuous interaction with zymogens due to its 
location all along the secretory pathway (21), we raised the 
hypothesis that GP-2 would be in a unique position to interact 
with the zymogens (1 1). Precipitation of secretory proteins is first 
observed in the trans Golgi as a signal for routing zymogens to 
secretory granules (26). It is subsequently required for the con- 
densation (27) as well as osmotic inactivation of the proteins in 
the mature granule. In this report, two major variations in the 
content of GP-2 were observed. The first one is a dose-dependent 
decrease of GP-2 after treatment with reserpine. The second one 
is a drastic 3.7-fold increase of GP-2 in the pair-fed group of 
animals. The correlation between the decreased GP-2 content 
and the altered secretory responsiveness of the gland, which 
according to ultrastructural observations (6, 9) would be caused 
by a serious impairment in the formation of secretory granules, 
leads us to conclude that there may be a possible role for GP-2 
in one of these aggregations of zymogens that lead to zymogen 
granule formation. 

In this report, we showed that changes in pancreatic wt, lipase, 
and GP-2 were directly attributable to the effects of the drug on 
the pancreatic tissue. We also confirmed the observations of 
Hazlett et al. (23), that alterations in some of the commonly 
measured parameters (amylase, proteins, body wt, and chymo- 
trypsinogen) could be secondary to the malnutrition induced by 
chronic reserpine injections and should therefore be viewed with 
caution before any conclusions may be drawn. Biochemical 
variations induced by reserpine injections were accompanied by 
characteristic ultrastructural alterations of the pancreatic tissue. 
These observations are reported in a companion paper (22). 

In conclusion, taking into account the possible effects of 
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Table 1. Pancreatic content of zymogens, DNA, and GP-2 after 4 and 7 d of injection with reserpine at 0.5 mglkgld (R) 
and 1.0 mg/kg/d (2R)* 

No.  P ro t /DNA 
G r o u p  rats DNA % Protein % % Amylase % Chymotg  % Lipase % GP-2 % 

R (d 4) 12 103 + 3.49 118 + 2.861 115 + 2.73 79.3 ? 3.1 11 177 + 13.731- ND ND 

R (d  7) 27 99.2 + 4.60 96.8 + 5.55 99 ? 6.26 62.8 + 2.671 128 + 13.71 239 + 38.61$ 70.9 + 6.761$ 
2R (d  4) 15 110 f 4.97 108 a 2.45 100 + 6.69 84.3 + 2.76t 134 + 8.711 ND ND 
2R (d 7) 15 91.8 + 3.21 72.8 ? 6.151 78.1 ? 4.861 43.6 + 2.941- 143 + 12.61 N D  57.2 + 5.04t 
Pair-fed sham (d 7) 12 110 ? 3.01 85.9 + 3.40 77.6 -t 2.671- 71.7 + 5.181 115 -t 24.31 97 -t 20.3 372 f 12.871- 

* Results a r e  expressed a s  percentage o f  m e a n  value o f  t h e  control  a t  t h e  appropr ia te  d o f  t rea tment  2 SEM;  N D ,  no t  determined.  
t Significantly different f rom control  g roup  ( p  < 0.01). 
$ Significantly different f rom pair-fed g roup  (paired with R rats) a t  d 7 ( p  < 0.01). 

malnutrition by including appropriate pair-fed animals and 
measuring parameters that are specifically modified by reserpine 
(pancreatic wt, lipase, and GP-2), the chronically reserpinized 
rat can be viewed as a reliable model for CF. The significant 
decrease in the amount of the zymogen granule GP-2 protein is 
the first report of such an alteration in the content of this 
particular pancreatic glycoprotein. It suggests that the function 
of GP-2 could be directly or indirectly linked to some of the 
manifestations of the pathology in the exocrine pancreas. 
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