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Stimulation of capsaicin sensitive nerves or administration of calcitonin gene-related
peptide (CGRP) before induction of acute pancreatitis (AP) attenuates pancreatic
damage, whercas CGRP administration after development of AP aggravales Iesion
of pancreatic tissue, The aim of this study was to determine the effect of prolonged
aclvity of sensory nerves or CGRP administration on the pancreatic repair after
repeated episodes of AP. Five episodes of acute cacrulein-induced pancreatitis
{10 pg/ke/h for 5 h s.c) were performed at weekly intervals in rats receiving either
vehicle or capsaicin at the sensory nerve stimulatory dose (0.5 mgikg, 3 times daily),
or CGRP (10 pgikg, 3 times daily). Two weeks after the last induction of AP
morphelogical signs of pancreatic damage, pancreatic blood Mlow (PBF), serum and
pancrealic amylase activity, fecal chymotrypsin activity, pancreatic weight,
pancreatic RNA and DNA content, as well as, serum interleukin-1f (T1-1B) were
assessed. Pancreata of animals receiving vehicle alone showed almost full recovery
within two weeks after last episode of pancreatitis induction. In capsaicin-treated
group of rats, we observed the increase in PBF by 44% and in serum 1l-1p
concentration by 91%. The pancreatic amylase activily, fecal activity of
chymotrypsin, pancreatic nucleic acids content and DNA synthesis were decreased.
In rats treated with CGRP the alterations in PBF, serum 1l-1p concentration, as well
as, in panercatic and fecal activity of enzymes were similar to capsaicin treated group
but less pronounced. We conclude that prolonged activity of capsaicin-sensitive
sensory nerves and the presence of their main mediator-CGRP during pancreatic
regeneration after AP leads to pancreatic functional insufficiency typical for chronic
pancreatitis.
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INTRODUCTION

The function of primary unmyelinated sensory neurons is to receive and
transmit information from the external and internal environment and thereby
contribute to maintenance of homeostasis. The excitation of these neurons is
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followed not only by conduction of nerve activity to the central nervous system
but also activation of peripheral endings of these nerves causes the release of
neuromediators, and this process is a basic for local “axon reflex” (1). Thin,
unmyelinated sensory fibers have a special sensitivity to capsaicin (1), Low doses
of capsaicin result in the stimulation of sensory nerves accompanied with the
release of calcitonin gene-related peptide (CGRP) and other neuromediators
(2—4), whereas high doses of capsaicin lead to ablation of sensory nerves with the
decrease in plasma and tissue levels of CGRP (5—6). The stimulation of sensory
fibers or administration of exogenous CGRP was found to exert a protective
effect in different experimental models of gastric ulcers (7—9), whereas the
ablation of sensory nerves aggravates gastric mucosal lesions induced by various
ulcerogenic factors (10-—11), as well as, prolongs the gastric ulcer healing (12).
The similar influence of capsaicin and CGRP on tissue damage was found in the
pancreas. Activation of sensory nerves (13) or treatment with CGRP (14) prior to
induction of acute pancreatitis by caerulein attenuates the pancreatic damage,
whereas deactivation of sensory nerves contributed to the enhancement of acute
pancreatitis severity (13, 15). On the second hand, administration of CGRP after
induction of gastric mucosal injury (16), as well as, after development of acute
pancreatitis (17) was found to aggravate tissuc damage.

Chronic pancreatitis is characterized by recurrent or persistent abdominal
pain with destruction and permanent loss of exocrine pancreatic parenchyma
(18). Histological examination reveals regressive changes in acinar tissue,
pancreatic fibrosis and foci of chronic inflammatory cells (19). Some of these
foci are closely associated with nerves causing damage of perineurium and
removing the barrier that separates inner compartment of the nerve from
surrounding tissue (19). Moreover, in chronic pancreatitis, the remarkable
increase in the density and staining intensity of CGRP, VIP and NPY
immunoreactive fibers is observed in the clinical (20), as well as, in experimental
(21) studies. These observations suggests that sensory nerves may be involved
in the pathophysiology of chronic pancreatitis.

The aim of this study was to determine the effect of prolonged activity of
sensory nerves or CGRP administration on the pancreatic repair after repeated
episodes of acute pancreatitis.

MATERIALS AND METHODS

Animals and treatment

Studies were performed on male Wistar rats weighing 120140 g at the start of experiments.
The animals were housed in cages with wire mesh bottoms at room temperature with a 12 hour
light, dark cycle. Water and food were available ad libitum.

The following groups of animals were used: [1] rats infused with saline s.c. 10 serve as the
control group; [2] rats with repeated induction of acute pancreatitis and treated with saline s.c.
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after cach induction of acute pancreatitis; [3] rats with repeated induction of acute pancreatitis and
stimulation of sensory nerves by capsaicin after each induction of pancreatitis; [4] rats with
repeated induction of acutc pancreatitis and trcated with CGRP after each induction of
pancreatitis.

Five episodes of acute pancreatitis were performed at weekly intervals. Each episode of acute
pancreatitis was induced by sc. infusion of caerulein (Takus, Pharmacia & Upjohn GmbH,
Erlangen, Germany). Caerulein was diluted in saline and infused in conscious rats for 5 h at the
dose 10 pg/kg/h and at a rate 1 ml/h. After each induction of acute pancreatitis the saling, capsaicin
or CGRP (CGRP-], rat, synthetic, Sigma Chemical CO., St. Louis, MO, USA) were administrated
s.c. three times daily starting 1 h after termination of cacrulein infusion. Capsaicin was used at the
sensory nerve stimulatory dose: 0.5 mg/kg/dose. CGRP was administrated at the dose
10 pgikg/injection. Two wecks after last induction of acute pancreatilis rats were sacrificed.

Determination of pancreatic blood flow

Two weeks alter last infusion of cacrulein, the animals were anesthetized with ether, weighed
and the abdominal cavity was opened. The pancreas was exposed for the measurement of the blood
flow in the pancrcatic tissue by laser Doppler flowmeter vsing PeriFlux 4001 Master monitor
(Perimed AB, Jirfilla, Sweden). Blood flow was measured in five different portions of the pancreas.
The pancreatic blood flow was presented as percent change (rom control value obtained in rats
infused with saline.

Determination of serum amylase activity and interlevkin 1-f concentration

Immediately after measurement of pancreatic blood flow the abdominal aorta was exposed
and blood was taken for serum amylase and interlcukin 1B determination. Scrum amylase activity
was determined by an cnzymatic method [Amylase reagent set (kinctic), Alpha Diagnostic sp.
z 0.0., Warszawa, Poland]. The values were expressed as units/liter. Serum 1-1B was measured in
duplicate using the BioSource Cytoscreen rat II-1B kit based on a solid phasc sandwich Enzyme
Linked Immuno Sorbent Assay (ELISA) (BioSource International, Camarillo, California, USA).
Concentration was expressed as pg/ml. The ELISA detection limit of II-1p was 3 pg/ml.

Determination of DNA synthesis, RNA and DNA content, and amylase activity
in the pancreas

After blood withdrawal the pancreas was carefully dissected from its attachment to the
stomach, the duodenum and the spleen. Fat and excess tissuc were trimmed away. The pancreas
was rinsed with saline, blotted on paper and weighed. The rate of DNA synthesis in the portion of
minced pancreatic tissue was determined by incubating the tissue at 37°C for 45 min in 2 ml of
medium containing 8 uCi /ml of [*H]-thymidine ([6-*H]-thymidine, 20--30 Ci/mmol, Institute for
Research, Production and Application of Radioisotopes, Prague, The Czech Republic). The
reaction was stopped with 0.4 N perchloric acid containing carrier thymidine (5 mM). Tissuc
samples were centrifuged and the precipitate washed twice in cold 0.2 N perchloric acid and
recentrifuged. RNA was hydrolyzed in 0.3 M KOH incubated for 90 min at 37°C. DNA and
protein were reprecipitated with 10% perchloric acid. After standing for 10 min on ice, the tubes
were centrifuged and RNA content of the supernatant was measured using orcinol reaction (22).
DNA in the residual pellets was solubilized in 10% perchloric acid by heating at 70°C for 20 min,
Denaturated protein was removed by centrifugation for 20 min. Using calf thymus as a standard,
the DNA content of the samples was determined by Giles and Myers procedure (23). The
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incorporation of [*H]-thymidine into DNA was determined by counting 0.5 ml DNA-containing
supernatant in a liquid scintillation system. RNA and DNA contents were expressed as milligrams
per pancreas. DNA synthesis was expressed as [*H]-thymidine disintegrations per minute per
microgram DNA {dpm/ug DNA).

The pancreatic amylase activity was determined in the portion of pancreatic tissue which was
weighed and placed in 2 ml pH 7.4 sodium — potassium phosphate buffer containing 0.2 mg of
trypsin inhibitor (Type 1-§, Sigma, St. Louis, USA). Pancreatic tissues were homogenized, senicated
and centrifuged ad 30,000 g for 10 min. Amylase activity in aliquot [rom the supernatant was
determined by the same enzymatic method as in plasma samples. The pancrealic amylase activity
was expressed as unifs per pancreas.

Determination of fecal chymotrypsin

Fecal chymotrypsin activily was measured by colorimetric method with a test kit Chymo
(Bochringer, Mannhcim, Germany). Values were expressed as Ufg of stool.

Histological examination

Samples of pancreatic tissue were excised, fixed in L0% formalin, embedded in paraffin and
sections were stained with hematoxylin and cosin. The slides were examined histologically by two
experienced pathologists withoul the knowledge of the treatment given. The histological grading of
edema was made using a scale ranging from 0 to 3; 0 = no edema, | = interlobular edema,
2 = interlobular and mederate intralobular edema, and 3 = interlobular edema and severe
intralobular edema. Leukocytic infiltration was graded from 0 (absent} to 3 for maximal alterations
(diffuse infiltration in the entire pancreatic gland) Grading of vacuolization was based on the
percentage of cells involved: 0 = absent, 1 = less than 25%, 2 = 25—50% and 3 = more than 50%.
Findings of acinar necrosis, atrophy and fibrosis were evaluated as lesion size score: 0 = absent,
1 = a lesion slightly shown in the lobule or intralobular region (less than one-half), 2 = a lesion
widely shown in the intralobular region (more than one-half), and 3 = a lesion shown across
lobules and intralobular regions or with destruction of lobular architecture. Tubular complexcs
were expressed as: 0 = lack or 1 = presence of these lesions.

Statistical analysis

Results are expressed as means+S.E.M. and were analyzed by analysis of variance and
t-Student test for unpaired values, with p<0.05 considered significant.

RESULTS

Pancreata of animals treated with placebo (saline) showed almost full
recovery two weeks after last episode of repeated acute pancreatitis The
pancreatic weight and pancreatic nucleic acids content were not significantly
different when compared with values obtained from intact rats without
induction of pancreatitis (Table ). At the end of experiments pancreatic
amylase activity reached 90% of control value (46071258 .
5084+ 207 U/pancreas) (Fig. /). Also, almost full recovery was observed in
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DNA synthesis (36.42+1.58 v. 41.93+2.08 dpm/ug DNA) (Fig. 2) and fecal
chymotrypsin activity (12.53+0.62 v. 14.174+0.72 U/g of stool) (Fig. 3). The
pancreatic blood flow was significantly increased by 26% (Fig. 4), whereas
changes of serum amylase activity (Fig. 5) and serum Il-1B concentration
(Fig. 6) were unmarked. Morphological examination of pancreata obtained
from spontaneously healed animals revealed slight interlobular edema and
slight or lack of leukocytic infiltration and cellular vacuolization (Table 2). The
lack of acinar cell necrosis, atrophy, fibrosis or tubular complexes was
observed.

Table 1. Effccts of five episodes of caerulein induced pancreatitis combined with administration of
capsaicin of CGRP on the pancreatic weight, RNA and DNA content. (Observation two weeks
after last induction of acule pancreatitis).

Pancreatic weight RNA content DNA content
(mg) (mg/pancreas) (mg/pancreas)
Control
(without pancreatitis) 1675+ 92 13.38 £ 0.69 9.44+0.61
Pancreatitis +saline 15204+ 97 11.84+0.72 8.691+0.69
Pancreatitis + capsaicin 17824 85 10.66 +0.52* 5164037
Pancreatitis + CGRP 1823+ 77 1202+ 048 7341 043"

Mean+SEM of 10—12 rats. *P < (.05 compared with control *P < 0.05 compared with
pancreatitis + saline.
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Treatment with capsaicin after repeated episodes of acute pancreatitis
caused delay in the spontaneous healing of pancreata. In this group of animals
the pancreatic RNA content and DNA content were significantly lower than in
control intact group (7Table [), moreover the pancreatic DNA content was
significantly lower than in animals treated with saline after each induction of
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acute pancreatitis. Administration of capsaicin reduced pancreatic amylase
activity (Fig. 1), DNA synthesis (Fig. 2) and fecal chymotrypsin by 40, 46 and
46% respectively when compared with control group. These values were also
significantly lower than observed in animals treated with saline after each
development of acute pancreatitis. Capsaicin produced the increase in
pancreatic blood flow above control value by 72% (Fig. 4) and the slight
reduction in serum amylase activity without statistical significance (Fig. 5).
Serum I1-1B concentration was significantly increased in capsaicin treated rats
with pancreatitis when compared to control (107.24+5.1 v. 56.3 + 4.6 pg/ml), as
well as, when compared to rats with pancreatitis alone (70.3+6.9 pg/ml)
(Fig. 6). Morphological features showed interlobular and moderate
intralobular edema and mild stage of leukocytic infiltration, and vacuolization
in animals treated with capsaicin (Table 2), but in the most cases the acinar
cell necrosis, atrophy, fibrosis or tubular complexes were not observed.

Tuble 2, Effects of five episodes of caerulein induced pancreatitis combined with adminiatration of
capsaicin or CGRP on histological signs of pancreatic damage.

withowr | Reveated | O | pancreats
il pancreatitis pa e P o
pancreatitis} + capsaicin +CGRP
Edema 0 1 2 1/2
Leukocyte infiltration 0 0/1 1 1
Vacuolization 0 041 1 1
Acinar cell necrosis 0 0 0 0
Acinar cell necrosis 0 0 0 0
Acinar cell atrophy 0 0 0 0
Fibrosis 0 0 0

Tubular complexes 0 0 V] 0

Numbers represent the predominant histological grading in each group.

Treatment with CGRP after each induction of pancreatitis produced
marked reduction in the pancreatic DNA content when compared to control
group (Table 1), but in contrast RNA content in animals treated with capsaicin
was not statistically different when compared to animals with pancreatitis
alone. In CGRP treated group with pancreatitis the pancreatic amylase content
was decreased to the level observed in animals treated with capsaicin (Fig. I).
Also the influence of CGRP on DNA synthesis (Fig. 2), fecal chymotrypsin
(Fig. 3) and pancreatic blood flow (Fig. 4) was similar to observed in capsaicin
treated group, however changes evoked by CGRP were less pronounced.
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CGRP failed to affect significantly serum amylase activity (Fig. 5), whereas
serum 11-1P concentration was significantly increased in CGRP treated group
when compared with control or saline treated group with repeated pancreatitis
(95.2+4.1 v. 56.3+4.6 and 70.3 +6.9 pg/ml) (Fig. 6). Histological examination
of pancreata obtained from rats treated with CGRP showed interlobular and in
half of cases moderate intralobular edema (Table 2). Leukocytic infiltration was
slight and the vacuolization was found in less than 25 % of acinar cells. Acinar
cell necrosis, atrophy, fibrosis or tubular complexes were not found in any cases
of animals treated with CGRP after repeated induction of acute pancreatitis.

DISCUSSION

Chronic pancreatitis is a protracted inflammation of the pancreas
characterized by a irreversible alteration of the basic anatomical structure and
thus frequent functional deficiency, even if the cause is eliminated. In advanced
stages the main features of chronic pancreatitis are exocrine and endocrine
pancreatic insufficiency, and pain. It generally accepted that prolonged
ingestion of large amounts of alcohol is a major risk factor for development of
chronic pancreatitis (18). The mechanisms that induce chronic pancreatitis
remain unclear (18) and the pathogenesis of this disease is under much debate
as to whether it is a new process or a result of single attack or recurrent
episodes of severe acute pancreatitis (24, 25). In our present study repeated
induction of acute edematous pancreatitis by caerulein failed to induce chronic
pancreatitis. Two wecks after the last episode of acute pancreatitis pancreata
from animals treated with saline showed almost full functional and
morphological recovery. This result is in agreement with our previous
observation (26) and data obtained by others (27--29) that repeated induction
of acute pancreatitis alone is insufficient to induce chronic pancreatitis.

Several experimental studies have reported the temporal appearance of
chronic pancreatitis-like lesions after induction of acute pancreatitis (27,
30--32). During pancreatic regeneration, the transient atrophy of acini,
fibrosis, increase in deposition of collagen fibers and fibronectin in pancreatic
extracellular matrix, the increase in pancreatic hydroxypreline content were
observed. But some days or weeks later, all lesions were cleared and the
exocrine pancreas had been restored to normal. Also in our present study, two
weeks after last induction of repeated pancreatitis, we did not observe
morphological features typical for chronic pancreatitis. These data suggest that
even severe chronic pancreatitis lesion evoked by recurrent acute pancreatitis
are reversible in the absence of primary causative factor.

Sensory neurons play a role in regulation of the inflammatory and immune
responses in peripherial tissue. The peripherial localized inflammation induces
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the increase in the synthesis and transport of neuropeptides in sensory nerves
innervating inflamed tissue (33), as well as, the activation of these nerves may
produce neurogenic inflammation described as the local vasodilatation and
plasma extravasation (34). On the other hand, clinical (20) and experimental
(21) studies of chronic pancreatitis have shown the increase in the number and
diameter of intralobular and interlobular nerve bundles and the intensification
of immunostaining for sensory nerve mediators. In our present study,
treatment with capsaicin was performed after each induction of acute
pancreatitis leading to continuos stimulation of sensory nerves. Long lasting
activity of sensory nerves led to the reduction of digestive enzyme amount in
the pancreas causing the decrease in pancreatic and fecal digestive enzyme
activity. The treatment with capsaicin inhibited the pancreatic regeneration
what was found as the decrease in pancreatic nucleic acids content and DNA
synthesis. This pancreatic functional insufficiency is typical for chronic
pancreatitis, however the histological examination did not reveal the signs of
chronic pancreatitis such as acinar cell necrosis, atrophy, fibrosis or tubular
complexes. In rats treated with CGRP pancreatic and fecal activity of digestive
enzymes, as well as, morphological features were similar to observed in
capsaicin treated group but less pronounced.

The reason for the reduction of pancreatic enzyme and inhibition of
pancreatic regeneration after sensory nerves stimulation and CGRP
administration remains unclear. In our present study, treatment with capsaicin
or CGRP caused the potent increase in pancreatic blood flow and this effect
seems to be dependent on vasodilatation evoked by CGRP (35). Vasodilatation
and an increase in pancreatic blood flow before vascular damage allow the
remowal of active digestive enzymes and mediators of inflammation from
pancreatic tissue and attenuate the pancreatic damage in pancreatitis (14). In
our present study, capsaicin or CGRP were administered after induction of
pancreatitis when the blood vessels were damaged. For this reason
vasodilatation promoted the pancreatic edema and increased the pancreatic
damage. This observation is consistent with studies performed by Cambridge et
al. (36) and Newbold e¢r al. (37) who reported that treatment with CGRP
potentates the effect of increasing vascular permeability factors leading to
production of edema.

Another possible mechanism of deleterious effect of sensory nerves
stimulation and CGRP administration could be related to activation of
leukocytes. Study performed by Zimmerman et a/ (38) has shown that
Substance P and CGRP (both are mediators of sensory nerves) promotes
neutrophil adherence to endothelial monolayers. Activation of leukocytes plays
an important role in the development of acute pancreatitis (39) and in the
development of multiple organ failure (40), whereas neutrophil depletion
reduces the acute pancreatitis-associated lung injury (40). The mechanism of
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deleterious effects of leukocyte activation is strongly dependent on production
and liberation of interleukins. In our present study, two weeks after last
induction of pancreatitis, we have found normalization of serum II-1f
concentration and almost full pancreatic recovery in rats treated with saline. In
contrast, in rats treated with capsaicin or CGRP the serum II-1p level and
pancreatic damage were high. Il-1 plays the crucial role in the induction of
cytokine cascade and inflammatory process (41). The role of Il-1 in the
development of acute pancreatitis has been shown by Norman et al. (42) who
have found that the use of Il-1 receptor antagonist decreases the serum level of
1l-6 and tumor necrosis factor (TNF), and reduces the severity of acute
pancreatitis.

The development of chronic pancreatitis may be dependent on the activity of
transforming growth factor (TGF). Clinical (43—45) and experimental studies
(46, 47) have shown overexpression of transforming growth factor Bl (TGF-B1)
in human chronic pancreatitis, as well as, in the rat pancreas during regeneration
after acute pancreatitis. TGF-B1 is a regulator of extracellular matrix remodeling
in the pancreas during tissue repair and it was postulated to play the important
role, as a promoting factor, in the pathogenesis of chronic pancreatitis. This
hypothesis is supported by data obtained by Van Laethem et al. (28). They have
shown that application of recombinant TGF-$1 after recurrent episodes of acute
pancreatitis promotes pancreatic fibrosis, inflammation and acinar atrophy (28).
Unfortunately, their study were finished one week after last induction of
pancreatitis and no information was given whether it is a temporal or permanent
effect. On the second hand, studies with rat dorsal root ganglion neurons has
shown that TGF-B1 and TGF-B2 increase survival of sensory nerves in culture
and increase the level of neuromediators in these nerves (48). This effect is
synergistic with effect of nerve growth factor (NGF) which exhibits trophic
activity on nerves (48). Moreover, Buchman et al. (49) have reported that TGF-$
isoforms can increase the level of NGF. These data indicates relationship
between sensory nerves and TGF-B.

Finally, our present data demonstrate that prolonged activity of sensory
nerves, as well as, the presence of CGRP during pancreatic regeneration after
acute pancreatitis lead to pancreatic exocrine insufficiency and delay in
pancreatic regeneration.

REFERENCES

1. Holzer P. Capsaicin: cellular targets, mechanisms of action, and selectivity for thin sensory
ncurons. Pharmacel Rev 1991; 43: 143—201.

2. Ren J, Young RL, Lassiter DC, Harty RF. Calcitonin gene-related peptide mediates
capsaicin-induced neurcendocrine responses in rat antrum. Gastroenterology 1993, 104
485—491.



14.

15.

16.

17.

18.

20.

21

459

. Holzer P, Peskar BM, Peskar BA, Amann R. Release of calcitonin gene-related peptide

induced by capsaicin in the vascularly perfused rat stomach. Newrosci Lerr 1990; 108:
195-—200.

. Grider JR. CGRP as the transmitter in the sensory pathway mediating peristaltic reflex. Am

J Physiol 1994; 266: G1139-G1145.

. Wimalawansa SJ. The effects of neonatal capsaicin on plasma levels and tissue contents of

CGRP. Peptides 1993; 14: 247—252.

. Sternini C, Reeve R jr, Brecha N. Distribution and characterization of calcitonin gene-related

peptide immunoreactivity in the digestive system of normal and capsaicin-treated rats.
Gastroenterology 1987, 93: 852—862.

. Holzer P, Lippe IT. Stimulation of afferent nerve endings by intragastric capsaicin protects

against ethanol-induced damage of gastric mucosa. Neuroscience 1988; 27 981—987.

. Holzer P, Pabst MA, Lippe IT. Intragastric capsaicin protects against aspirin-induced lesion

formation and bleeding in the rat gastric mucosa. Gastroenterology 1980: 96: 1425—1433,

. Clementi G, Amico-Roxas M, Caruso A, Cutuli VM, Maugeri S, Prato A. Protective effects of

calcitonin gene-related peptide in different experimental models of gastric ulcers. Eur
J Pharmacol 1993; 23& 101--104.

. Brzozowski T, Konturck 5J, Pytko-Polonczyk J, Warzecha Z. Gastric adaptation to stress:

Role of sensory nerves, salivary glands and adrenal glands. Scand J Gastroenterol 1995; 30:
6—16.

. Szolcsanyi J, Bartho L. Impaired defense mechanism to peptic ulcer in the

capsaicin-desensitized rat, in Gastrointestinal Defense Mechanisms, Mézsik G, Hianninen O,
Javor T, eds. Pergamon Press and Akadémiai Kiad®, Oxford and Budapest, 1981, pp. 39—51.

. Takeuchi K, Ueshima K, Ohuchi T, Okabe S. The role of capsaicin-sensitive neurons in healing

of HCl-induced gastric mucosal lesions in rats. Gastroenterology 1994; 106: 1524—1532.

. Dembinski A, Warzecha Z, Konturek PCh, Ceranowicz P, Konturek SJ. Influence of capsaicin

sensitive afferent neurons and nitric oxide (NO) on caerulein induced pancreatitis in rats. Int
S Pancrearof 1996; 19: 179—189,

Warzecha Z, Dembinski A, Ceranowicz P, Konturek PCh, Stachura J, Konturek SJ, Niemiec J.
Protective effect of calcitonin gene-related peptide against caerulein-induced pancreatitis in
rats. J Physiol Pharmacol 1997, 48: 775—787.

Warzecha Z, Dembinski A, Jaworek J, Ceranowicz P, Szlachcic A, Walocha J, Konturek SJ.
Role of sensory nerves in pancreatic secretion and caerulein-induced pancreatitis. J Physiol
Pharmacol 1997; 48: 43—58.

Lopez-Belmonte J, Whittle BJR. Calcitonin-gene related peptide can augment or prevent
endothelin—1 induced gastric microvascular leakage. Fur J Pharmacol 1994; 271: R15-R17.
Warzecha Z, Dembiniski A, Ceranowicz P, Konturck PC, Stachura J, Tomaszewska R,
Konturek 8J. Calcitonin gene-related peptide can attenuate or augment pancreatic damage in
caerulein-induced pancreatitis in rats. J Physiol Pharmacol 1999; 50: 49—62.

Beglinger C. Pathophysiological events in chronic pancreatitis: the current concept, in
Diagnostic precedures in pancreatic disease, Mallertheiner P, Dominguez-Muiioz JE, Schulz U,
Lippert H, eds. Springer-Verlag, Berlin-Heidelberg, 1997, pp. 161—164.

Bockman DE. Pathomorphological features of chronic pancreatitis, in Diagnostic procedures in
pancreatic disease, Malfertheiner P, Dominguez-Mufioz JE, Schulz H-U, Lippert H, eds.
Springer-Verlag, Berlin-Heidelberg, 1997; pp.151—159,

Biichler M, Weihe E, Friess H, Malfertheiner P, Bockman E, Miiller S, Nohr D, Beger HG.
Changes in peptidergic innervation in chronic pancreatitis. Pancreas 1992; 7: 183—192,
De Giorgio R, Sternini C, Widdison AL, Alvarez C, Brecha NC, Reber HA, Go VLW.
Differential effects of experimentally induced chronic pancreatitis on neuropeptide
immunoreactivitics in the feline pancreas. Pancreas 1993; 8: 700—710.



460

22,
23

[0 [

40.

41.
42,

43,

4.
5. Freedman SD. New concepts in understanding the pathology of chronic pancreatitis. fnt

Ceriotti G. Determination of nucleic acids in animal tissue. J Biol Chem 1955; 214- 59—65,
Giles KW, Myers A. An improvement diphenylamine method for the estimation of
deoxyribonucleic acid. Narure 1965; 206: 93

Kldppel G, Maillet B. Pathology of acute and chronic pancreatitis. Pancreas 1993: 6: 659—670,

J Pancreatol 1998; 24: 1—8.

. Dembinski A, Warzecha Z, Konturek PCh, Ceranowicz P, Konturek SJ, Tomaszewska R,

Stachura J. Adaptation of pancreas to repeated cacrulein-induced pancreatitis in rats.
J Physiol Pharmacol 1996, 47 455467

. Riaz C, Ochi K, Tanaka J, Harada H, Ichimura M, Miki H. Does recurrent acute pancreatitis

lead to chronic pancrealtitis? Sequential morphological and biochemical studies. Pancreas
1997, 14: 334—341.

- Van Laethem JL, Robberecht P, Résibois A, Deviére J. Transforming growth factor

B promotes development of fibrosis after repeated courses of acute pancreatitis in mice.
Gastroenterology 1996; 110; 576—582.

- Elsasser HP, Haake T, Grimmig M, Adler G, Kern HF. Repetitive cacrulein-induced

pancreatitis and pancreatic fibrosis in the rat. Pancreas 1992 7: 3853090,

. lovanna JL, Odaita C, Berger Z, Sarles H. Temporary pscudechronic lesions during the

recovery of acute necrohemorrhagic pancreatitis in rabbits. Pancreas 1988; 3: 433—439.

. Lechene de la Porte P, Iovanna J, Odaira C, Choux R, Sarles H, Berger Z. Involvement of

tubular complexes in pancreatic regeneration after acute necrohemorrhagic pancreatitis,
Pancreas 1991 3. 298—306.

2. Weidenbach H, Lerch MM, Turi 8, Bachem M, Adler G. Failure of a propyl 4-hydroxylase

inhibitor 1o alter extracellular matrix deposition during experimental pancreatitis. Digestion
1997; 58: 50-—57.

- Donnerer 1, Schuligei R, Stein C. Increased content and transport of substance P and

calcitonin gene-related peptide in sensory nerves innervating inflamed tissuc: evidence for
a regulatory function of nerve growth factor in vivo. Newroscience 1992 49: 693—G698.

. Chahl LA. Antidromic vasodilatation and neurogenic inflammation. Pharmacol Ther 1988; 37

275—300.

- Brain 5D, Williams TJ, Tippins JR, Morris HR, MaclIntyre 1. Calcitonin gene-related peptide is

a potent vasodilator. Naerure 1985 313: 54—56.

. Cambridge H, Brain SD. Calcitonin gene-related peptide increases blood flow and potentiates

plasma-protein extravasation in the rat knee-joint. Br J Pharmacol 1992: 106: 746—750.

- Newbold P, Brain SD. The modulation of inflammatory oedema by calcitonin gene-related

peptide. Br J Pharmacol 1993; 108: 705—710.

- Zimmerman BJ, Anderson DC, Granger DN. Neuropeptides promote ncutrophil adherence to

endothelial cell monolayers. Am J Physiof 1992; 263: G678-G682,

- McKay C, Imric CW, Baxter JN. Mononuclear Phagocyte activation and acute pancreatitis,

Scand J Gastroenterol 1996; 31 Suppl 219: 32—36.

Bhatia M, Saluja Ak, Hofbauer B, Lee H-S, Frossard J-L, Steer ML. The effects of neutrophil
depletion on a completely noninvasive model of acute pancreatitis-associated lung injury. fn¢
J Pancrearol 1998; 24: 77 83.

Dinarello CA. Interleukin-1 and interleukin-1 antagonism. Blood 1991; 77: 1627—1652.
Norman J, Franz M, Messina J, Riker A, Fabri PJ, Rosemurgy AS, Gower WR jr.
Interleukin-1 receptor antagonist decreases severity of experimental acute pancreatitis. Surgery
1995; 117: 648655,

Van Laethem JL, Deviére J, Résibois A, Rickaert F, Vertongen P, Ohtani H, Cremer M,
Miyazono K. Robberecht P. Localization of transforming growth factor Pl and its latent
binding protein in human chronic pancreatitis. Gasiroenterology 1995; 108: 1873—1881



45.

46.

47.

49,

461

. Kore M, Friess H, Yamanaka ¥, Kobrin MS, Biichler M, Beger HG. Chronic pancreatitis is

associated with increase concentration of epidermal growth factor receptor, transforming
growth factor alpha, and phospolipase C gamma. Gut 1994; 35: 1468—1473.

di Mola FF, Friess H, Martignoni ME, i Sebastiano P, Zimmermann A, Innocenti P, Graber
H, Gold L1, Korc M, Biichler MW. Connective tissue growth factor is a regulator for fibrosis
in human chronic pancreatitis. Ann Surg 1999, 230: 63 71.

Gress T, Miiller-Pilosch F, Bachem M, Elsiisser HP, Wiedenbach H, Lerch MM, Adler G.
Enhancement of transforming growth factor B! expression in the rat pancreas during
rcgeneration from caerulein-induced pancreatitis. Fur J Invest 1994; 24: 679—68S.
Konturek PCh, Dembinski A, Warzecha Z, Ceranowicz P, Konturck 8J. Stachura J, Hahn EG.
Expression of transforming growth factor-Bl and cpidermal growth factor in
cacrulein-induced pancreatitis in rat. J Physiol Pharmacoe! 1997; 48: 5972

. Chalazonitis A, Kalberg J, Twardzik DR, Morrison RS, Kessler JA, Transforming growth

factor beta has neurotrophic action on sensory neurons i vitro and is synergistic with nerve
growth factor. Pev. Biel 1992; 152: 121132,

Buchman VL, Sporn M, Davies AM. Role of transforming growth facto-beta isoforms in
regulating the expression of nerve growth factor and neutrophin-3 mRNA levels in embryonic
cutancus cell at different stages of development. Development 1994; 120: 16211629,

Reccived: March 15, 2000
Accepted: July 6, 2000

Author’s address: Zygmunt Warzecha Department of Physiology Jagiellonian University
School of Medicine, ul. Grzegorzecka 16, 31-531 Krakow, Poland



