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Abstract

Lithium, a drug of choice in bipolar affective disorders, also affects the metabolism and cell
proliferation in a diverse array of organisms.  In this study, we investigated the effect of lithium on
bombesin-mediated function in excretion and growth of the pancreas and the salivary glands.  The
weight, protein content, amylase concentration and salivary flow rate of the pancreas, parotid and the
submandibular glands were determined in male Wistar rats after consumption of either water or lithium
chloride (600 mg/l) for 14 days and each group received s.c. injection of either saline or bombesin (10
µg/kg) during the last 4 days of experiment.  Our results revealed that administration of bombesin in
lithium-treated group not only suppressed pancreas and parotid weight augmentation due to bombesin,
but also significantly decreased pancreas growth.  Chronic lithium consumption significantly inhibited
the protein content augmentation due to bombesin in the salivary glands.  Getting bombesin, as well as
saline in lithium-treated group, resulted in notable decrease in salivary protein content.  Protein content
of pancreatic gland increased considerably in the bombesin-injected groups either treated with saline or
lithium.  In conclusion, the stimulatory effect of bombesin on the growth and protein content of the
pancreas and the salivary gland was inhibited by lithium.  Lithium seems to be a potent inhibitor of
growth factors induced by bombesin probably through inhibiting phosphatidylinositol 4,5,bisphosphate
hydrolysis.
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Introduction

Lithium (Li+) has been used for 50 years as a
mood stabilizer for the treatment of manic depression
(33, 38).  It has been shown that lithium affects
metabolism, neuronal communication and it can inhibit
proliferation of some cells in a diverse array of organisms

(16, 36, 45).  Although the mechanism of lithium ac-
tions is not yet resolved, increasing evidence confirms
that it exerts its therapeutic effects by interfering with
signal transduction through G-protein-coupled pathways
(21) or by direct inhibition of specific targets in the
signaling systems including inositol 1-phosphatase
(7, 34) and glycogen synthase kinase-3 (27).  Recently,
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lithium has also been reported to stimulate extracellular
signal-regulated kinase pathway (14).  There is evidence
that Li+ inhibits the inositolphosphatase hydrolyzing
inositol 1-phosphate and thereby blocking the recycling
of inositol (7, 34, 48).

Bombesin (BBN), an amphibian skin equivalent
of gastrin-releasing polypeptide (GRP), is a regulatory
peptide which elicits various physiological effects in
mammals such as inhibition of feeding, smooth muscle
contraction, exocrine and endocrine secretion, ther-
moregulation, blood pressure and sucrose regulations
and cell growth (1, 4, 24, 31, 35, 49, 50).  BBN is well
known for its ability to promote the release of gas-
troentropancreatic hormones such as gastrin and to
potentiate glucose-stimulated insulin release from
pancreatic islets of Langerhans (15, 28, 32).  Moreover,
BBN acts as a growth factor for Swiss 3T3 fibroblasts
(42) and pancreatic and gastrin cells (23, 26).  Besides,
GRP receptors are over-expressed in several types of
human cancer cells including breast, prostate, small
cell lung and pancreatic cancers (10, 19, 30).  Several
studies have shown that BBN induces inositol 1,4,5-
trisphosphate formation through rapid hydrolysis of
phosphatidylinositol 4,5,bisphosphate (PIP2) to inosi-
tol trisphosphate (IP3) and diacylglycerol (DAG) in
some cell lines (29, 37, 40, 47, 48, 51).  The previous
studies showed that in the presence of lithium, the
BBN-induced elevation of inositol phosphates is de-
creased compared to controls in some cell lines (48).

The likely mechanism of lithium action is
interruption of PIP2 hydrolysis through inhibiting the
recycling of inositol substrate which causes depletion
of the second-messenger source.  On the other hand,
bombesin induces PIP2 hydrolysis and generates
secondary messengers.  Therefore, it seems that
lithium administration can modify the stimulatory ef-
fects of bombesin on the growth of target tissues and
cells through interaction with PIP2 pathway (6, 46).
As organogenesis of epithelial systems, histological
and functional properties are similar in different
epithelial organs such as pancreas and salivary gland
(18, 22).  In this study, we investigated the effect of
BBN and lithium on rat pancreatic, parotid and sub-
mandibular glands to determine if there were possible
similarities or differences in their excretory function
and proliferation.  We also assessed the effect of BBN
in the presence of lithium to see whether it could
prevent the effect of BBN.

Materials and Methods

Animals and Chemicals

Adult male albino Wistar rats were obtained
from the Pasteur institute of Tehran.  The animals
were handled in accordance with the criteria outlined

in the Guide for the Care and Use of Laboratory
Animals (NIH US publication 86-23 revised 1985).
Rats were housed 1-2 per cage, with controlled con-
dition (22 ± 1°C and a humidity of 65-70%) on a 12-
hour light-dark cycle and were allowed free access to
a standard pellet chow and tap water ad libitum.

All drugs were freshly prepared in physiologic
saline solution.  Drugs were purchased from commercial
sources unless otherwise indicated.  BBN (fragment
8-14) and lithium chloride were purchased from Sigma
(St. Louis, MO, USA).

In this study, we assessed the growth and excretory
function of rat pancreatic, parotid and submandibular
glands, in addition of liver, duodenum and stomach
weight changes in response to BBN and lithium and
their combination.

Pancreatic, Parotid and Submandibular Glands Weight
and Assessment of Protein Content

Male Wistar rats (170-180 g) were randomly
divided in two experiment groups.  The weight and
protein content of the pancreatic glands were assessed
in the first group as opposed to the second group in
which the parotid and submandibular glands pancreatic
glands weight and protein content were evaluated.

The treatment groups, each consisted of 8-10
rats, consumed either water or lithium chloride (600
mg/l) added to tap water, for 14 consecutive days.  For
the last 4 days of experiment, each group received
s.c. injection of either 1 ml 0.9% saline or bombesin
(10 µg/kg) three times a day.  At the end of the experi-
ment, the rats were lightly anesthetized with diethyl
ether after an overnight fast and then sacrificed.  In
the first group, the pancreatic glands (rat pancreas is
a rather diffuse organ divided into three parts i.e. the
biliary, duodenal and gastrosplenic portions), liver,
duodenum and stomach were rapidly excised, stripped
of connective tissues, and weighed as well as the
parotid and submandibular glands in the second group.
The results are represented as normalized gland weight
(= gland’s weight / total body weight).

Besides, a portion of the pancreas and salivary
glands (approximately 200 mg) was separated and
homogenized in 10 ml of saline phosphate buffer
(0.05 molar, pH 6.9) using the Omni-Mixer 17106
homogenizer.  Protein content of whole homogenates
was determined by the method of Folin-Lowry (8)
with bovine serum albumin as a standard.

Assessment of Secretory Factors

Male Wistar rats (200-250 g) were divided in
treatment groups each consisting of 8-10 rats, and
were treated for 14 days in the same way as mentioned
above.  At the end of 14 days, animals were kept
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fasted for one night and the next morning, the secre-
tions of pancreas, parotid and submandibular were
collected.  In the first group, sampling of pancreatic
secretions of anesthetized animals (pentobarbital, 50
mg/kg) was designed particularly to inhibit integration
of digestive secretions with pancreatic discharge.  In
other words, the first cannula was entered through the
distal stomach into the duodenum and tied closely in
order not to let saliva and gastric secretions enter the
duodenum.  After exposing and tying the billiary
duct, a second cannula was inserted through the end
of duodenum.  The parotid and submandibular ducts
in the second group of anesthetized animals were
exposed and cannulated.

All samples were collected using polyethylene
cannulas (0.28 mm internal diameter) during carbachol
infusion (100 µg/kg) for 30 min.

To measure the amylase concentration of pan-
creatic and parotid secretions, an EnzChek® Amylase
Fluorometric (Green) Assay Kit, (Invitrogen) was
used.

Submandibular Flow Rate Measurement

In this experiment, volume of secreted saliva
was measured according to animal weights.  Flow rate
was calculated in ml/min/gram of body weight and
ml/min/gram of submandibular gland weight.  The
flow rate measurement in ml/min/gland’s weight is
much more accurate than the measurement in ml/min/
body weight because the variations in the animal
body weight are not included in the former measure-
ment.  Therefore, the results emphasize on flow rate
measurements according to calculation in ml/min/
gland’s weight.

Measurment of Lithium Plasma Concentration

In all rats receiving lithium chloride, 2-5 ml of
heart blood was sampled after collecting the saliva.
After centrifugation, serum lithium concentration was
measured in all samples by using atomic-absorption
spectrophotometry (44).

Histological Studies

Pancreas, parotid and submandibular tissues
of control and treatment groups were fixed in 10%
formalin, processed in a tissue processor for light
microscopy evaluation.  Paraffin-embedded blocks
were prepared and sectioned in 5 µm thickness; the
sections were stained by hematoxylin and eosin.

Statistical Analysis

All data are presented as means ±  S.E.M.

Statistical analysis was performed by the SPSS
software version 11.5 (SPSS Inc. Chicago, IL, USA).
We used Wilcoxon ranks test to compare means among
groups.  P value < 0.05 was considered as statistically
significant.

Results

Results from the growth and secretion of pan-
creatic, parotid and submandibular glands after ad-
ministration of BBN, in lithium- or water-consumed
groups and their control group are shown as follows:

Alterations in Pancreas Gland Growth and Secretions

Administration of BBN (10 µg/ml) in water-fed
rats increased pancreas weight significantly (P <
0.01), whereas in lithium-treated groups, administra-
tion of either BBN or salinedecreased pancreas weight
substantially (P < 0.01) (Table 1).

Protein content of pancreas gland (mg/gland)
increased considerably in the water- and lithium-
treated groups which were administered BBN com-
pared with the control group (P < 0.01).  Anyhow,
there was a notable decrease in the protein content of
the lithium-treated group which were administered
BBN compared to the water-fed group.  On the other
hand, no significant change was observed in the pan-
creatic protein content of the lithium-treated group
(Fig. 1A).

Even though administration of BBN or saline to
lithium-treated groups caused a notable decrease in
pancreatic protein secretion (P < 0.01), BBN adminis-
tration did not amplify this parameter significantly
(Fig. 1B).

Receiving BBN in the water-fed group increased
amylase activity in a significant manner (P < 0.01),
but in lithium-treated group, the amylase activiey
significantly decreased after the administration of
BBN in comparison with the water-fed animals (P <
0.05).  Lithium treatment did not show any consider-
able effect on amylase activity (Fig. 1C).

Histopathologic studies of pancreas glands
showed normal appearance in both the endocrine
islets and exocrine acini.  No edema, atrophy, leukocytic
infiltration and fibrotic changes were found in the
treatment groups (Fig. 2, A-D).

Alterations in Parotid Gland Growth and Secretions

Administration of BBN in the water-fed rats
increased parotid weight significantly (P < 0.01),
whereas lithium treatment did not result in notable
changes in the parotid weight.  Nevertheless, lithium
treatment significantly inhibited the augmentative
effect of BBN on parotid weight (Table 1).
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Protein content of the gland in the BBN-treated
group increased considerably compared with the con-
trol group, while lithium did not cause a substantial
change.  However, injection of BBN in the lithium-
treated group, when compared with the water-fed
group, resulted in a notable decrease (P < 0.01) in the
protein content of the parotid (Fig. 3A).

Lithium treatment in saline- and BBN-injected
rats resulted in a substantial decrease in parotid
protein secretion, but BBN administration in the
water-fed group did not significantly amplify this
parameter (Fig. 3B).  In all of the experimental groups,
amylase secretion changed in a significant manner
(Fig. 3C).

Table 1. Weight (mg) and normalized weight (gland’s weight/total body weight) of the pancreas, parotid and the
submandibular gland

Control Water + BBN Lithium + Saline Lithium + BBN

Pancreas gland
Weight (mg) 1035 ± 13 1315 ± 11** 794 ± 9** 941 ± 10++

Normalized Weight 0.534 ± 0.009 0.666 ± 0.005** 0.434 ± 0.012** 0.494 ± 0.004++

Parotid gland
Weight (mg) 230 ± 6 280 ± 8** 203 ± 6* 214 ± 5+

Normalized Weight 0.118 ± 0.004 0.141 ± 0.004** 0.111 ± 0.004 0.112 ± 0.002++

Submandibular gland
Weight (mg) 431 ± 23 430 ± 21 372 ± 7* 380 ± 4
Normalized Weight 0.222 ± 0.011 0.217 ± 0.010 0.201 ± 0.006 0.199 ± 0.001

Data are presented as the mean of at least 8 independent determinations ± S.E.M.  *P < 0.05 and **P < 0.01 in comparison
with the control group; +P < 0.05 and ++P < 0.01 in comparison with the BBN-treated group.
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Fig. 1. Representative pancreas gland growth and excretory parameters: (A) gland total protein (mg/gland), (B) gland protein
secretion rate (µg/ml/min), (C) amylase (U/g wet gland weight).  Data are presented as the mean of at least 8 independent
determinations ± S.E.M.  **P < 0.01 in comparison with the control group; +P < 0.05 and ++P < 0.01 in comparison with the
BBN-injected group.



30 Javadi-Paydar, Vojdanpak, Pour-Ali, Halajian, Ghazi, Shahsavari, Emami-Razavi and Dehpour

Fig. 2. Representative histopathologic appearance of the pancreas gland from saline-treated group (A), BBN-treated group (B), lithium-
treated group (C), and lithium + BBN-treated group (D).  Exocrine acini and endocrine islets show normal appearance in all
treated groups (Hematoxylin and eosin staining.  Original magnification: A and C-D, × 400; B, × 100).
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Fig. 3. Representative parotid gland growth and excretory parameters: (A) gland total protein (mg/gland), (B) gland protein secretion
rate (µg/ml/min), (C) amylase (U/g wet gland weight).  Data are presented as mean of at least 8 independent determinations ±
S.E.M.  **P < 0.01 in comparison with the control group; ++P < 0.01 in comparison with the BBN-injected group.
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A histopathologic study of the parotid glands,
parenchymal zones (acini and ducts) and the con-
nective tissue revealed normal appearance in all the
treatment groups.  Mucous acini and a few mixed
acini were seen in some samples.  No edema, atrophy,
leukocytic infiltration, fibrotic changes were found
(Fig. 4, A-D).

Alterations in the Growth and Secretions of the
Submandibular Gland

Submandibular gland weight did not change
significantly in any experimental group.  BBN aug-
mented tissue total protein content in the water-fed
group (P < 0.01), but the augmentation was completely
reversed in the lithium-treated rats (Table 1).

Protein content of the submandibular gland
increased significantly in the BBN-treated group in
comparison with the saline group (P < 0.01).  Lithium
consumption did not change the protein content of the
gland, either in the saline- or the BBN-injected groups
(Fig. 5A).

Lithium significantly reduced total secreted
protein from the submandibular gland (P < 0.01)
whereas BBN increased protein secretion significantly
(P < 0.01).  However, lithium treatment in the BBN-
injected group significantly decreased (P < 0.05) the

protein content compared with the BBN-injected
water-fed group (Fig. 5B).

Flow rate decreased significantly in the lithium-
treated group in comparison with the water-fed one
(P < 0.05).  The same results were observed when
lithium and BBN were administered together.  BBN
did not significantly change the flow rate in both
water-fed and lithium-treated groups (Fig. 5C).

Acinar cells, both mucous and serous cells,
were normal in histopathologic studies.  Granules of
serous cells were normal and no vacuolization was
noticed.  Ductal structures were normal and connective
tissue showed normal appearance.  Edema, atrophy,
leukocytic infiltration, fibrotic changes were found
in all groups (Fig. 6, A-D).

Alterations in Stomach, Liver, and Duodenum Weight

Administration of BBN, lithium and their co-
administration did not significantly change stomach,
liver and duodenum normalized weight (data not
shown).

Lithium Plasma Concentration

Lithium plasma concentrations in animals con-
suming lithium chloride and in those taking lithium

Fig. 4. Representative histopathologic appearance of the parotid gland from saline-treated group (A), BBN-treated group (B), lithium-
treated group (C), and lithium + BBN-treated group (D).  Serous acini and ducts are seen in the images (A-D).  No histopathologic
changes are noticeable in the treated groups (Hematoxylin and eosin staining.  Original magnification: A-D, × 400).
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Fig. 5. Representative submandibular gland growth and excretory parameters: (A) gland total protein (mg/gland), (B) gland protein
secretion rate (µg/ml/min), (C) flow rate (ml/min per gland weight and body weight).  Data are presented as mean of at least
8 independent determinations ± S.E.M.  *P < 0.05 and **P < 0.01 in comparison with the control group; +P < 0.05 in com-
parison with the BBN-injected group.

Fig. 6. Representative histopathologic appearance of the submandibular gland from saline-treated group (A), BBN-treated group (B),
lithium-treated group (C), and lithium + BBN-treated group (D).  Mixed acini (serous and mucous) and intercalated ducts are
seen.  All treated groups reveal normal histology (Hematoxylin and eosin staining.  Original magnification: A-D, × 400).
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chloride followed by BBN injection were 0.321 ±
0.005 and 0.314 ± 0.006 mM, respectively.  There
were no statistically significant differences between
these two groups.

Discussion

Li+ has been reported to affect growth and pro-
liferation in a wide variety of cells.  Although growth
is inhibited in some cells, such as murine neural and
emberyonal cells, lithium shows mitogenic effects on
human lymphocytes, human myeloid progenitor cells,
human bone marrow cultures and murine pluripotent
progenitor cells (16, 45).  Considering the contro-
versies on the effects of Li+ on growth and prolifera-
tion, we investigated the effects of Li+ on the known
properties of BBN on growth and secretion of salivary
glands and pancreas.

The results of this study revealed that BBN
caused a significant increase in the weight of the pan-
creas and parotid.  Simultaneous administration of
lithium and bombesin not only suppressed pancreas
and parotid weight due to BBN, but also significantly
decreased pancreatic growth.  Lithium administration
reduced pancreas weight by itself, but it did not
change parotid weight.  Therefore, this effect can be
assumed as to be lithium-BBN mechanism interaction
only in the case of parotid gland but not the pancreas.
Histological study did not show noticeable mic-
roscopic changes in any treated groups.  In addition,
BBN administration in water-fed or lithium-treated
rats increased protein content of the pancreas in a
significant manner, but the water-fed group receiving
BBN showed a notable increase compared to the
lithium-treated group.  Lithium consumption did not
considerably change the protein content of the pan-
creas.  Therefore, it seems that the loss of the pancreatic
weight was not due to protein reduction.

The achieved results from this survey pointed
out that BBN administration significantly increased
the protein content of the parotid and the sub-
mandibular glands, whereas lithium treatment in-
hibited the stimulating effect of BBN on the protein
content of both glands.

Although BBN has been discovered for about
40 years, there is still controversy on its mechanism
of action on different tissues, particularly on the
pancreas.  Ashton and his colleagues have shown the
existence of BBN receptors in the pancreas in 1990
(2).  At the same time, Scarpignato et al. reported
that the weight and content of the pancreas increased
due to BBN (43).  On the one hand, a group of sci-
entists assert that BBN induces growth and secretion
of the pancreas via releasing gastrointestinal hor-
mones such as gastrin and CCK (12, 50).  On the other
hand, a few scientists believe that BBN exerts its

stimulatory effects directly through binding to BBN
receptors in the pancreas (43).  The role of neuropep-
tides such as VIP, somatostatin and substance P has
been studied by the other researchers (17).  These
neuropeptides can also play a critical role in the
growth and secretion of salivary glands (20).

BBN induces hydrolysis of PIP2 and generates
secondary messengers IP3 and DAG (25, 48).  Re-
searchers have shown that some particular growth
factors perform their effect on the stimulation of cel-
lular growth through phosphoinositide hydrolysis.
Besides, it was remarked in 1984 that these two
secondary messengers might co-operate in the re-
gulation of some ionic processes that are responsible
for the initiation of cellular growth (5).  Growth fac-
tors not only enhance Ca2+ levels but also act as in-
ducers for Na+-H+ carrier exchangers (41, 48).  It is
generally assumed that IP3 causes the movement of
intracellular Ca2+, while DAG might stimulate antiport
of Na+-H+ and protein kinase C (5).  In fact, metabolites
of phosphoinositide can function as mediators for
activities of growth factors.

Lithium is one of the agents which selectively
interferes with the phophoinositide cycle.  It leads to
increases in inositol monophophate through inhibiting
the enzyme inositol monophosphatase and finally
leading to the halt of the recurrent cycle of PID2

synthesis (5, 48).  Lithium suppresses this enzyme in
extracellular concentration of more than 0.1 mM.
Such a concentration is tenfold lower than the con-
centration necessary for the suppression of adenylyl
cyclase (13).  The plasma concentration of lithium in
our experiments was around 0.3 mM.  Since, in this
concentration, lithium is able to decrease the PIP2

level, the inhibitory effects of lithium on BBN-induced
growth parameters can be interpreted as its effect on
the two mentioned secondary messengers.

Regarding to salivary protein secretion, there
are two main mechanisms involved: 1) activation of
adenylyl cyclase which causes an increase in the
cAMP level and finally results in protein secretion in
the saliva (9); 2) activation of phospholipase C which
hydrolyzes PIP2 to generate IP3 and DAG.  Augmenta-
tion in saliva volume is due to IP3 production (3),
whereas DAG can cause protein secretion (39).  In
this study, BBN significantly increased protein secre-
tion of submandibular saliva while lithium adminis-
tration not only reduced salivary protein content but
also suppressed the stimulating effects of BBN on
saliva protein of the submandibular gland.  It seems
that BBN can increase protein secretion via PIP2

hydrolysis.  But as lithium administration significantly
reduced protein secretion by itself, this effect, therefore,
can not be interpreted as the reducing effect of lithium
on the PIP2 level.  Instead, it can be concluded that
lithium and BBN act through an independent mechanism
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on salivary protein secretion.
In accordance with other reports (11), the secre-

tion of salivary protein from the parotid gland did not
change due to BBN, whereas lithium decreased it.  It
seems that higher concentrations of BBN are necessary
to execute its effect on salivary protein secretion in
the parotid.  Moreover, BBN could not affect the total
secreted protein from the pancreas.  It appears that
subcutaneous injections do not provide adequate
plasma levels to influence the acinar cells.

Flow rate in the submandibular gland did not
change noticeably due to BBN.  In contrast, lithium
could reduce submandibular flow rate significantly
that is explainable by the blockage of recycling of
PIP2 synthesis.

In the parotid gland, BBN and lithium, either
administered alone or together, did not induce signi-
ficant reduction in the amylase level.  As amylase
secretion is accompanied by increases in the cAMP
level (11), it can be concluded that neither BBN nor
lithium changes the level of cAMP.

Amylase secretion from the pancreas amplified
significantly in the BBN-treated set in comparison
with the control set.  This amplification could be due
to IP3 formation and subsequent increases in cyto-
plasmic Ca2+ concentration.  Besides, lithium treat-
ment did not affect the amylase concentration (U/ml)
of the pancreas though it can be concluded that higher
concentrations of lithium are necessary to inhibit
amylase secretion.  In addition, amylase discharge
may depend on cAMP.  In other words, this con-
centration of lithium could not have affected the
cAMP level.  In the pancreas, lithium induced a sig-
nificant reduction in amylase secretion increased by
BBN.  It seems that lithium has reduced pancreas
amylase secretion through a decrease of the PIP2 level
which subsequently results in the decline of the IP3

and DAG levels.
In conclusion, the stimulatory effects of BBN

on growth and protein content of the pancreas and the
salivary glands were confirmed in this study.  On the
other hand, lithium was determined to be a potent
inhibitor of growth parameters induced by BBN
probably through inhibition of PIP2 hydrolysis.
Nonetheless, it seems that BBN has an indispensable
role, even any, in the activation of the adenylyl cyclase
pathway.  Therefore, more experiments are necessary
to clarify the root of BBN and lithium action on
isolated tissue and the role of the PIP2 pathway in the
growth of the pancreas and the salivary glands.

Acknowledgments

We would like to thank Dr. Reza Rahimian and
Ms. Maryam Rahimi-Balaei for their kind help in the
preparation of the present article.  We also express

our gratitude to the reviewers for their nice and con-
siderable comments on this study.

References

  1. Anastasi, A., Erspamer, V. and Bucci, M.  Isolation and structure of
bombesin and alytesin, two analogous active peptides from the skin
of the European amphibians Bombina and Alytes.  Experientia
27: 166-167, 1971.

  2. Ashton, N., Argent, B.E. and Green, R.  Effect of vasoactive
intestinal peptide, bombesin andsubstance P on fluid secretion by
isolated rat pancreatic ducts.  J. Physiol. 427: 471- 482, 1990.

  3. Aub, D.L. and Putney, J.W.  Properties of receptor-controlled
inositol trisphosphate formation in parotid acinar cells.  Biochem.
J. 225: 263-266, 1985.

  4. Bédard, T., Mountney, C., Kent, P., Anismanb, H. and Merali, Z.
Role of gastrin-releasing peptide and neuromedin B in anxiety and
fear-related behaviour.  Behav. Brain Res. 179: 133-140, 2007.

  5. Berridge, M.J. and Irvine, R.F.  Inositol trisphosphate, a novel
second messenger in cellular signal transduction.  Nature 312:
315-321, 1984.

  6. Berridge, M.J.  Inositol trisphosphate and diacylglycerol: two
interacting second messengers.  Annu. Rev. Biochem. 56: 159-193,
1987.

  7. Berridge, M.J. and Irvine, R.F.  Inositol phosphates and cell sig-
naling.  Nature 341: 197-205, 1989.

  8. Brown, R.A.  An appreciation of the Folin-Lowry protein assay.
J. Pharm. Pharmacol. 45: 80, 1993.

  9. Butcher, F.R., Goldman, J.A. and Nemerovski, M.  Effect of
adrenergic agents on alpha-amylase release and adenosine 3',5'-
monophosphate accumulation in rat parotid tissue slices.  Biochim.
Biophys. Acta 392: 82-94, 1975.

10. Carney, D.N., Cuttitta, F., Moody, T.W. and Minna, J.D.  Selective
stimulation of small cell lung cancer clonal growth by bombesin
and gastrin-releasing peptide.  Cancer Res. 47: 821-825, 1987.

11. Dehpour, A.R., Abdollahi, M. and Alghasi, H.  Effects of lithium on
rat parotid and submandibulary gland functions.  Gen. Pharmacol.
26: 851-854, 1995.

12. Dembinski, A., Konturek, P.K. and Konturek, S.J.  Role of gastrin
and cholecystokinin in the growth-promoting action of bombesin
on the gastroduodenal mucosa and the pancreas.  Regul. Pept. 27:
343-354, 1990.

13. Drummond, A.H., Bushfield, M. and Macphee, C.H.  Thyrotropin-
releasing hormone stimulated [3H]inositol metabolism in GH3
pituitary tumor cells.  Studies with lithium.  Mol. Pharmacol. 25:
201-208, 1984.

14. Einat, H., Yuan, P., Gould, T.D., Li, J., Du, J., Zhang, L., Manji,
H.K. and Chen, G.  The role of the extracellular signal-regulated
kinase signaling pathway in mood modulation.  J. Neurosci. 23:
7311-7316, 2003.

15. Greenberg, G.R., Chan, B., McDonald, T.J. and Alleyne, J.  The role
of vagal integrity in gastrin releasing peptide stimulated gastroen-
teopancreatic hormone release and gastric acid secretion.  Regul.
Pept. 10: 179-187, 1985.

16. Hasgekar, N.N., Gokhale, P.P., Amin, M.K., Seshadri, R. and
Lalitha, V.S.  Lithium inhibits growth in a murine neural precursor
cell line.  Cell Biol. Int. 20: 781-786, 1996.

17. Hayashi, Y., Takemura, T. and Hirokawa, K.  Expression of neuron-
specific enolase, Leu-7, and neuropeptides in human fetal sali-
vary gland epithelium.  J. Histochem. Cytochem. 37: 1147-1152,
1989.

18. Horster, M.  Embryonic epithelial membrane transporters.  Am. J.
Physiol. Renal. Physiol. 279: F982-F996, 2000.

19. Hou, X., Wei, L., Harada, A. and Tatamoto, K.  Activation of
bombesin receptor subtype-3 stimulates adhesion of lung cancer
cells.  Lung Cancer 54: 143-148, 2006.



Lithium on Growth and Excretion of Pancreas and Salivary Glands 35

20. Ichikawa, H., Matsuo, S., Wakisaka, S., Itotagawa, T., Kato, J. and
Akai, M.  Leucineenkephalin-, neurokinin A- and cholecystokinin-
like immunoreactivities in the guinea pig tongue.  Arch. Oral Biol.
35: 181-188, 1990.

21. Jope, R.S. and Williams, M.B.  Lithium and brain signal transduc-
tion systems.  Biochem. Pharmacol. 47: 429-441, 1994.

22. Kamisawa, T., Tu, Y., Egawa, N., Sakaki, N., Inokuma, S. and
Kamata, N.  Salivary gland involvement in chronic pancreatitis of
various etiologies.  Am. J. Gastroenterol. 98: 323-326, 2003.

23. Kubisch, C.H. and Logsdon, C.D.  Secretagogues differentially
activate endoplasmic reticulum stress responses in pancreatic
acinar cells.  Am. J. Physiol. Gastrointest. Liver Physiol. 292:
G1804-G1812, 2007.

24. Ladenheim, E.E. and Knipp, S.  Capsaicin treatment differentially
affects feeding suppression by bombesin-like peptides.  Physiol.
Behav. 91: 36-41, 2007.

25. Lee, K.K., Uhm, D.Y. and Park, M.K.  Low affinity cholecystokinin
receptor inhibits cholecystokinin and bombesin-induced oscilla-
tions of cytosolic Ca2+ concentration.  FEBS Lett. 538: 134-138,
2003.

26. Lehy, T., Accary, J.P., Labeille, D. and Dubrasquet, M.  Chronic
administration of bombesin stimulates antral gastrin cell prolifera-
tion in the rat.  Gastroenterology 84: 914-919, 1983.

27. Lenox, R.H. and Wang, L.  Molecular basis of lithium action:
integration of lithium-responsive signaling and gene expression
networks.  Mol. Psychiatry 8: 135-144, 2003.

28. Lin, K.S., Luu, A., Baidoo, K.E., Hashemzadeh-Gargari, H., Chen,
M.K., Pili, R., Pomper, M., Carducci, M. and Wagner, H.N.Jr.  A
new high affinity technetium analogue of bombesin containing
DTPA as a pharmacokinetic modifier.  Bioconjug. Chem. 15: 1416-
1423, 2004.

29. Linder, M.E. and Gilman, A.G.  G-proteins.  Sci. Am. 267: 56-61,
64-65, 1992.

30. Ma, L., Yu, P., Veerendra, B., Rold, T.L., Retzloff, L., Prasanphanich,
A., Sieckman, G., Hoffman, T.J., Volkert, W.A. and Smith, C.J.  In
vitro and in vivo evaluation of Alexa Fluor 680-bombesin[7-14]
NH2 peptide conjugate, a high-affinity fluorescent probe with high
selectivity for the gastrin-releasing peptide receptor.  Mol. Imaging
6: 171-180, 2007.

31. McDonald, T.J., Jornvall, H., Nilsson, G., Vagne, M., Ghatei, M.,
Bloom, S.R. and Mutt, V.  Characterization of a gastrin-releasing
peptide from porcine non-antral gastric tissue.  Biochem. Biophys.
Res. Commun. 90: 227-233, 1979.

32. McDonald, T.J.  The gastrin releasing polypeptide. In: Advances
in Metabolic Disorders, edited by Mutt, V. San. Diego, CA:
Academic.  Press, Inc., 1988, Vol. 11, pp. 199-250.

33. Moronvalle-Halley, V., Boitier, E. and Labbe, G.  Lithium and Wnt/
β-catenin pathway: Effect on cell proliferation.  Toxicol. Lett.
164(S1): S204, 2006.

34. Nahorski, S.R., Ragan, C.I. and Challiss, R.A.  Lithium and the
phosphoinositide cycle: an example of uncompetitive inhibition
and its pharmacological consequences.  Trends Pharmac. Sci. 12:

297-303, 1991.
35. Ohki-Hamazaki, H., Iwabuchi, M. and Maekawa, F.  Development

and function of bombesin like peptides and their receptors.  Int. J.
Dev. Biol. 49: 293-300, 2005.

36. Phiel, C.J. and Klein, P.S.  Molecular targets of lithium action.
Annu. Rev. Pharmacol. Toxicol. 41: 789-813, 2001.

37. Piiper, A., Stryjek-Kaminska, D., Stein, J., Caspary, W.F. and
Zeuzem, S.  Tyrphostins inhibit secretagogue-induced 1,4,5-IP3

production and amylase release in pancreatic acini.  Am. J. Physiol.
266: G363-G371, 1994.

38. Price, L.H. and Heninger, G.R.  Lithium in the treatment of mood
disorders.  New Engl. J. Med. 331: 591-598, 1994.

39. Putney, J.W.  Identification of cellular activation mechanisms
associated with salivary secretion.  Annu. Rev. Physiol. 48: 75-88,
1986.

40. Roelle, S., Grosse, R., Buech, T., Chubanov, V. and Gudermann, T.
Essential role of Pyk2 and Src kinase activation in neuropeptide-
induced proliferation of small cell lung cancer cells.  Oncogene
27: 1737-1748, 2008.

41. Rozengurt, E.  Growth factors, cell proliferation and cancer: an
overview.  Mol. Biol. Med. 1: 169-181, 1983.

42. Rozengurt, E. and Sinnett-Smith, J.  Bombesin stimulation of DNA
synthesis and cell division in cultures of Swiss 3T3 cells.  Proc.
Natl. Acad. Sci. USA 80: 2936-2940, 1983.

43. Scarpignato, C., Varga, G., Dobronyi, I. and Papp, M.  Bombesin-
induced pancreatic secretion and growth in rats: effect of proglumide,
spantide and ranitidine.  Int. J. Tissue React. 12: 299-307, 1990.

44. Scott, I.M.  The determination of lithium in blood serum by atomic
absorption spectrophotometry.  J. Forensic. Sci. Soc. 22: 41-42,
1982.

45. Smits, V.A., Essers, M.A., Loomans, D.S., Klompmaker, R., Rijksen,
G. and Medema, R.H.  Inhibition of cell proliferation by lithium is
associated with interference in cdc2 activation.  FEBS Lett. 457:
23-27, 1999.

46. Stengaard-Pedersen, K. and Schou, M.  In vitro and in vivo inhibi-
tion by lithium of enkephalin binding to opiate receptors in rat
brain.  Neuropharmacology 21: 817-823, 1982.

47. Takuwa, N., Takuwa, Y., Bollag, W.E. and Rasmussen, H.  The
effects of bombesin on polyphosphoinositide and calcium
metabolism in Swiss 3T3 Cells.  J. Biol. Chem. 262: 182-188, 1987.

48. Uberall, F., Oberhuber, H., Maly, K., Zaknun, J., Demuth, L. and
Grunicke, H.H.  Hexadecylphosphocholine inhibits inositol phos-
phate formation and protein kinase C activity.  Cancer Res. 51:
807-812, 1991.

49. Walsh, J.H., Wong, H.C. and Dockray, G.J.  Bombesin-like pep-
tides in mammals.  Fed. Proc. 38: 2315-2319, 1979.

50. West, S.D. and Mercer, D.W.  Bombesin-induced gastroprotection.
Ann. Surg. 241: 227-231, 2005.

51. Zachary, I., Millar, J., Nanberg, E., Higgins, T. and Rozengurt, E.
Inhibition of bombesin induced mitogenesis by pertussis toxin
dissociation from phosholipase C pathway.  Biochem. Biophys. Res.
Commun. 146: 456-463, 1987.


