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Cisplatin (9 mg/kg) or taxol (20 mg/kg) treatment of Wistar
rats produced a sharp decrease in inducible nitric oxide
synthase (iNOS) and gastrin in the pyloric region of the
stomach, and an increase in iNOS and somatostatin in the
pancreatic islets. Nitric oxide (NO) functions as a relaxation
factor in the smooth muscle of the muscularis mucosa while
gastrin plays an important role in the gastroprotection of the
mucosa through NO. It is proposed that a decline of the iINOS
and gastrin after cisplatin or taxol treatments is related to
distention of the stomach, and possibly nausea and vomit-
ing. Hyperglycemia and glucose intolerance after cisplatin
treatment may be caused by increases of somatostatin and
iNOS in the pancreatic islets. Combination therapy with
cisplatin and taxol seems to ameliorate various toxicities due
to these two individual drugs.
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Introduction

Cisplatin [cis-diamminedichloroplatinum(D], a broad-
spectrum anticancer drug, has proven effective in the
treatments of bladder, lung, ovarian," head and neck,’
testicular,? and breast>® cancers and certain types of
leukemia.” Drawbacks of this chemotherapeutic drug
are its severe toxic side effects, which include nausea,
vomiting, hyperglycemia,® stomach distention and
gastric ulceration.>'® Nausea and vomiting are the
doselimiting factors in some cases. Distention of the
stomach in rats'! has been shown to parallel nausea
and vomiting in other animals,'* and seems to be a
prerequisite for ulceration.'® Nitric oxide (NO) has
been shown to induce relaxation of the pyloric
sphincter in the stomach."> NO and gastrin have been
shown to generate gastroprotective effects against acid
injury.**!* Somatostatin and NO suppress the secretion
of insulin.'® NO is regarded as one of the main
mediators to induce insulin-dependent diabetes.'”
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Taxol (Paclitaxel) is another antineoplastic drug
with a taxane ring that shows significant anticancer
activity. It is proven effective in the treatment of
ovarian,'®" preast,”® lung,>* and head and neck®
cancers. The adverse effects of this drug include
nausea, vomiiting, neutropenia and neurotoxicity.
Nausea and vomiting are again the dose-limiting factors
in some cases. Cisplatin and taxol in combination have
proven to be much more effective and seemingly less
toxic compared to either of the two drugs when
administered alone. Based on the actions of NO and
gastrin on the stomach and the functions of NO and
somatostatin on the secretion of insulin from the
pancreatic islets, the present study was undertaken to
see the changes of gastrin and inducible nitric oxide
synthase (iNOS) after cisplatin and taxol administra-
tion, and how these changes influence stomach
motility and mucosa to cause nausea, vomiting and
ulceration. Also, changes in somatostatin and iNOS
after cisplatin treatment and what influence these have
on pancreatic islets and insulin secretion were
explored.

Materials and methods
Animals

Male Wistar rats (Charles Rivers, Wilmington, MA)
weighing 100-150 g were kept on a 12 h light/12 h
dark cycle with free access to laboratory animal
feed and water. Cisplatin (9 mg/kg), taxol (20 mg/
kg) and cisplatin plus taxol (9mg/kg+20 mg/kg)
were administered as ip. injections in five divided
dosages over a period of 5 days. The control
animals received injection of the vehicle (0.85%
NaCD) only. Twenty four hours following the last
injection, the rats were sacrificed and various
tissues excised.
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Tissues

Stomach (cardia, body, pylorus) and pancreas were
excised and fixed in Bouin’s solution or 4% paraform-
aldehyde for 48 h. Fixed tissues were dehydrated and
embedded in paraffin at 56°C. Sections (7 pm) were
prepared for immunocytochemical studies.

Antisera

A monoclonal antibody specific for iNOS (Transduc-
tion Laboratories, Lexington, KY) was used in a
dilution of 1:1000. The gastrin-specific (Dako, Carpin-
teria, CA) and somatostatin-specific (Incstar Stillwater,
MN) antibodies were used in a dilution of 1:500.

Immunocytochemistry

Immunocytochemical staining was performed using
the avidin-biotin-peroxidase complex method.*?

iNOS was demonstrated by the Vectastain Elite ABC
- Kit (Vector, Burlingame, CA), while somatostatin and
gastrin were demonstrated using the Vectastain ABC-
AP Kit.

iINOS, somatostatin and gastrin

Paraffin sections (7 yum) were treated with 3% H;O, in
dH,O for 20 min to block any endogenous peroxidase
activity and incubated in normal serum supplied in the
kits for 20 min. These sections were incubated in the
specific primary antibody overnight at 4°C and in the
secondary antibody for 45 min at room temperature.
Sections were subsequently incubated in the avidin-
biotin-peroxidase complex for 45 min at room
temperature. Peroxidase activity was revealed by
incubation in 0.03% 3,3'diaminobenzidine (DAB) in
0.1 M sodium acetate/acetic buffer (pH 6.0), contain-
ing 2.5% nickel ammonium sulfate, 0.2% B-D-glucose,
0.04% ammonium chloride and 0.001% glucose
oxidase.?* Sections were rinsed in tap water for
5 min and 0.1 M acetate/acetic buffer (pH 6.0) before
being mounted in permount through various dehydra-
tion series. For somatostatin and gastrin, alkaline
phosphatase activity was revealed by using the Vector
Red Substrate Kit (Vector Laboratories).

Results

High levels of iNOS activity were observed in the
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macrophagic cells at the base of the gastric villi and in
the smooth muscle of the pyloric muscularis mucosa
of the normal rat stomach (Figure 1). After cisplatin,
taxol or cisplatin plus taxol treatments, iNOS positive
cells were absent in the smooth muscle of the pyloric
muscularis mucosa (Figure 2). However, at the base of
the villi in the lamina propria, there were some iNOS
positive cells, but their number was greatly reduced
compared to the normals (Figure 2).

In the pancreas, iNOS positive cells were sparsely
distributed throughout the islets (Figure 3). Cisplatin
treatments induced an increase in their number and
the intensity of their staining (Figure 4).

There were a large number of gastrin positive cells
in the pyloric villi of the normal rat stomach (Figure 5),
that were negative after cisplatin treatment (Figure 6).
Taxol treatment induced a reduction in their number
but maintained their presence (Figure 7). However,
there were some gastrin positive cells at the base of

Figure 1. Cross-section of the muscularis mucosa from the
pyloric region of a normal rat showing the presence of
macrophagic cells (arrows) at the bottom of the gastric villi
(gv) in the lamina propria and among the smooth muscle
fibers (sm) of the muscularis mucosa (double arrows).
Original magpnification: x 262.

Figure 2. Pyloric region of a rat stomach after cisplatin
treatment. Note the absence of macrophages from the
muscularis mucosa (sm) and a much reduced number at the
base of the villi (gv) in the lamina propria (Ip). Original
magnification: x 262.



the villi after cisplatin, taxol and cisplatin plus taxol
not visible in the normal rat stomach (Figure 5). In
their morphology and distribution these cells are
similar to macrophagic cells.

Figure 3. Random section through the pancreatic islet from
a normal rat showing a sparse distribution of INOS positive
cells (arrows). Original magnification: x 1050.

Figure 4. Pancreatic islet from a cisplatin-treated rat
showing an increase in the number and staining intensity
of cells due to INOS. Original magnification: x 1050.

Figure 5. Gastrin positive cells (g) in the pyloric villi. Note
the absence of gastrin positive cells from the lamina propria
(Ip). Original magnification: x 2625.

Cisplatin, taxol and Gl toxicity

In the pancreas, somatostatin positive cells were
located in the peripheral regions of the islets (Figure
8). After cisplatin treatment there was an increase in
the number of such cells (Figure 9). Taxol treatment
did not show any change from the normal. Cisplatin
plus taxol treatment demonstrated an intermediate
situation between the normal and cisplatin treatment.

Discussion

Various chemotherapeutic drugs, such as cisplatin and
taxol, are known to induce nausea and vomiting, while
cisplatin has also been shown to induce gastric lesions
and ulceration in rats.?®> In order to combat these

Figure 6. Pyloric villi (V) from a cisplatin-treated rat. Note
the absence of gastrin positive cells from the villi. However,
there are some gastrin positive (arrow) cells at the bottom of
the villi in the lamina propria (Ip). Original magnification:
% 2625.

Figure 7. -Distribution of gastrin positive cells both in the villi
(arrows) and the lamina propria (curved arrows) after taxol
treatment. Original magnification: x 1050.
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Figure 8. Somatostatin positive cells (arrows) in the
pancraetic islets of a normal rat. Original magpnification:
x 262.

Figure 9. Increased number of somatostatin positive cells
after cisplatin treatment (arrows). Original magnification:
x 262.

adverse effects, it is essential to understand the cause
or mechanism of induction of these effects. Distention
of the stomach has been shown to parallel the nausea
and vomiting that are associated with the clinical use
of cisplatin.'" In rats, bloating of the stomach has been
demonstrated to be due to the retention of food in the
stomach with lowered pH leading to ulceration.'®
Thus, alleviation of stomach distention may be the key
point to the symptoms of nausea, vomiting and
ulceration.

Normal stomach emptying depends on the contrac-
tility of the stomach and relaxation of the pyloric
sphincter. The former is under the control of
acetylcholine, while the latter is under NO control. A
major part of the autonomic innervation of the
gastrointestinal tract is by non-adrenergic non-choli-
nergic (NANC) neurons. In the sphincter region of the
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gut, this NANC innervatijon is mainly inhibitory and is
physiologically important in the relaxation of the
sphincters for the passage of the ingested food. NO
and ATP contribute to the NANC inhibitory response
of the rat pyloric sphincter.!> Unlike the other
neurotransmitters, NO can easily diffuse through the
cell membrane.?® NO produced in the pyloric smooth
muscle can diffuse into the nearby sphincter muscle to
cause its relaxation.

Release of acetylcholine from the nerve ending and
NO production by the neuronal NO synthase (nNOS)
are calcium dependent.”” Cisplatin hydrolyzes into
monoaqua and diaqua (divalent) species inside the cell
under low chloride ion concentrations. In the diaqua
configuration, it competitively binds to the calcium
binding sites. Thus nNOS activation and acetylcholine
vesicle release are prevented by a competitive inhibi-
tion of the calmodulin molecule. NO production and
acetylcholine release are lowered after cisplatin
treatment resulting in prolonged relaxation of the
stomach smooth muscle,'® and pyloric sphincter
smooth muscle hypercontractility,?® that in turn
probably causes stomach distention.

In the normal rat pyloric sphincter smooth muscle
and at the bottom of the pyloric villa, there are a large
number of iNOS immunoreactive macrophages. How-
ever, after 2 days of cisplatin and taxol treatments,
there are no iNOS immunoreactive macrophages in
the pyloric smooth muscle. NO production from
nNOS is calcium-calmodulin dependent, whereas
NO production from iNOS is independent of
calcium-calmodulin. Considering the different char-
acter of the iNOS from the nNOS, we can safely say
that NO production by the iNOS is much less in
cisplatin-treated rats compared to normal rats.

The main cause of gastric ulceration is the
weakened gastroprotection, which includes mainte-
nance of normal mucosal blood flow, mucosa integrity,
mucosa growth and mucus secretion. Administration
of LNMMA (NG—monomethyl-L-arginine), an inhibitor of
NO synthase, induces gastric mucosal injury over a
45 min period in rats pretreated with indomethacin, in
dosages of either agent that alone do not provoke
mucosal injury. Likewise in rats chronically pretreated
with capsaicin, I-NMMA induces extensive hemorrha-
gic mucosal injury. Such findings indicate that
endogenous NO at least partly appears to serve as a
modulator in the regulation of gastric mucosal
integrity.>>° Endogenous NO may also play a role in
offsetting the musosal microcirculatory actions of local
vasoconstrictor mediators such as norepinephrine,
neuropeptide or the endothelins. Through the in-
crease of intracellular mediator (cGMP), NO induces
mucus secretion without evidence of cellular da-



mage.>! Mucus secreted by these epithelial cells plays
a local protective role, since it forms a continuous
viscoelastic layer that prevents access of pepsin to
mucosa. Furthermore, secretion of bicarbonate into
the unstirred layer of mucus can generate a gradient of
increasing pH from the luminal bulk phase to the
epithelial cell.>* Lowered NO production after cispla-
tin treatment, which may be either from lowered iNOS
or inhibited nNOS, probably accounts for the decrease
of basal gastroprotection.

Gastrin, a kind of enteric peptide hormone, is
released from the stomach and proximal portion of the
gut upon normal ingestion of nutrients, and affects
various physiological functions such as gastric secre-
tion and mucosal growth.>®> It plays a physiological
role in maintaining gastric mucosal integrity.”> The
protection induced by gastrin is accompanied by a
significant elevation of gastric mucosal blood flow">
which plays a crucial role in gastroprotection by
prostaglandin334 and endogenous NO release consti-
/tutively.g“’s’36 The pretreatment with N&-nitro-L-arginine
methyl ester significantly reduces the gastric blood
flow induced by gastrin and prevents its protective
activity. These effects of NS-nitro-L-arginine methyl
ester are reversed by concurrent administration of L-
arginine, a substrate for NO synthase. NO plays a
crucial role in mucosal hyperemia and gastroprotec-
tion by gastrin."> In cisplatin-treated rat stomachs,
there was a sharp decline of gastrin-secreting G cells in
the pyloric villi, compared to normal. This decline of
gastrin may also be responsible for ulceration after
cisplatin treatment. However, after taxol treatment
there were some gastrin-secreting G cells along the
pyloric villi. The number of such cells was small but
sufficient to protect the mucosa, as no ulceration was
observed after taxol treatment.

There are no gastrin immunoreactive cells in the
pyloric region of the normal rat stomach other than
the G cells along the villi. In the cisplatin and taxol-
treated rat stomach, there are gastrin immunoreactive
cells in the interstitial region along the bottom of the
villi. These gastrin immunoreactive cells in the
interstitial area of the pyloric region may be compen-
satory for the sharp decline of gastrin-secreting G cells
after cisplatin and taxol treatments.

Similar to other heavy divalent metal ions, i.e.
cadmium,”” cobalt,*® zinc®® and nickel,“’ cisplatin
administration impairs glucose tolerance, which is
indicated by marked hypf:rglyc:emia.8 Administration
of cisplatin results in hyperglucagonemia and a relative
deficiency in insulin secretion. Timed interval studies
of glucose intolerance following cisplatin treatment
have been demonstrated to be related to a deficiency
in insulin secretion.54!#2

Cisplatin, taxol and GI toxicity

Somatostatin-14 and somatostatin-28 are the two
known bioactive peptides, and share the ability to
inhibit the release of various peptides, including
insulin,® which is mediated by a pertussis toxic-
sensitive GTP-binding protein.16 Thus, in the cisplatin-
treated rat pancreatic islets, the increased somatosta-
tinimmunoreactive cells may be responsible for the
suppression of insulin.

There is a marked increase in iNOS immunoreactive
cells in the rat pancreatic islets after cisplatin
treatment. Both B cells and macrophages in pancreatic
islets may be sources of iNOS.* In insulin-dependent
diabetes, a large amount of NO produced by the
increased number of iNOS in pancreatic islets sup-
presses insulin secretion and participates in the
destruction of B cells.*>

In conclusion, cisplatin or taxol depress iNOS and
gastrin levels in the stomach while increasing iNOS
and somatostatin in the pancreatic islets. In combina-
tion they seem to modulate these effects probably
through their different mechanisms of action.
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