
Introduction

Peptic ulcer disease (PUD) presents one of the most
common, still unresolved, social and medical prob-
lems worldwide. Present knowledge about PUD
includes numerous factors in etiology and patho-
genesis such as genetic, neural, humoral, iatrogenic
and infective. The key step in the pathogenesis 
of PUD is a disruption in the active equilibrium 
of aggressive factors and self protective mucosal
processes (Isenberg et al. 1995). Antiulcer drugs
used in today’s therapy possess multipharmaco-
logical properties, although the antisecretory or 

cytoprotective feature is more emphasized (Brunton
1996).

Zinc compounds have proved their beneficial 
cytoprotective effect through numerous experimen-
tal works which have been carried out over several
years (Escolar et al. 1987, Cho 1989) and zinc com-
pounds have been included in antiulcer treatment in
humans (Frommer 1975, Lorenzo 1986, Bosch &
Jimenez 1990). The effects of zinc salts have been
extensively investigated in various animal models of
gastric ulceration (Cho 1989); however, their effects
on the duodenum have still to be resolved.

In this communication we have used a cysteamine-
induced duodenal ulcer model in the rat since this
agent causes rapid epithelial cellular damage result-
ing in the formation of duodenal ulcers within 6 to
12 h (Pfeiffer et al. 1987a). Furthermore, cysteamine
ulcers have a similar pathomorphologic history to
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in all animal groups. Cysteamine produced marked duodenal ulceration in control animals 24 h after appli-
cation, with an increase in endogenous zinc tissue concentrations and a marked decrease in serum concen-
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inhibited the development of duodenal lesions in a dose-related manner. The application of zinc sulphate
in a single intraperitoneal (i.p.) application (80 mg kg–1) did not, however, prevent the formation of duodenal
lesions. In order to assess zinc absorption from the gastrointestinal tract, one group of rats received a single
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human ulcers (Szabo 1978). Following the study of
the dynamics of endogenous zinc ions (Troskot et al.
1996), the present work was designed to examine the
possible direct cytoprotective effect of zinc sulphate
against duodenal lesions produced by cysteamine.

Materials and methods

Female Wistar rats (home bred) weighing 180–250 g were
randomly assigned to different groups (N = 10 rats per
group) and housed in a temperature (22 ± 1°C) and
humidity (65–70%) controlled room. They were provided
with standard laboratory chow and free access to water.
Before testing, animals were food fasted for 24 h with
access to water ad libitum.

Duodenal ulcers were induced by an already established
noxious regimen. Cysteamine (Sigma, St. Louis, MO,
USA) was dissolved in distilled water and administered
subcutaneously at a dose of 400 mg kg–1. One hour prior
to cysteamine application, rats were pretreated with a
single per os application of zinc sulphate 20, 40 or 80 mg
kg–1 or a single intraperitoneal (i.p.) injection of zinc
sulphate 80 mg kg–1. A similar volume (5 ml kg–1) of 0.9%
NaCl was given per os to a group of animals which served
as a cysteamine control group. To determine zinc absorp-
tion, one group of animals received a single oral applica-
tion of zinc sulphate in a dose of 80 mg kg–1, without
cysteamine (zinc sulphate control). Ten unstressed animals
served as a healthy control group.

All animals were sacrificed 24 h after cysteamine appli-
cation. Duodenal lesions were assessed, and blood and
duodenal tissue samples taken for determination of zinc
concentrations.

Duodenal lesions were determined in the following
manner. The degree of ulceration was assessed by aver-
aging the size of hemorrhagic lesions measured across
their largest diameters. In the case of petechiae, five such
lesions were taken as the equivalent of a 1 mm lesion. The
total lesion length in each group of rats divided by 
the number of animals was expressed as the ulcer index
(Cho & Ogle 1977).

Whole blood samples for the assessment of zinc concen-
trations were drawn from the carotid arteries and
centrifuged using a standard centrifuge at 3000 rpm for 10
min. Following the assessment of duodenal lesions,
duodenal tissue samples were also taken. Serum zinc
concentrations (mol l–1) were determined using atomic
absorption spectrophotometry (AAS) (Momcilovic et al.
1975, Falchuk et al. 1988). Tissue samples were mineral-
ized by ashing procedure (Blanusa & Breski 1981, Falchuk
et al. 1988) and zinc concentrations (mol kg–1) also deter-
mined by AAS (Falchuk et al. 1988). Quality control was
achieved by comparison with references for blood and
tissue, respectively (Seronorm Batch No. 116, Nycomed
Pharma AS, Norway; SRM 1577 National Bureau of
Standards, USA). For quality control of the analytical
method, bovine liver was used as the reference sample 

for the determination of tissue samples. By our method,
1.88 ± 0.63 × 10–3 mol kg–1 was compared with the refer-
ence value of 1.90 ± 0.10 × 10–3 mol kg–1. When taking into
consideration zinc serum values, by our method 2.22 ± 0.17
× 10–6 mol 1–1 was compared with the reference value of
2.30 ± 0.08 × 10–6 mol l–1.

Results are expressed as mean ± SEM. The difference
between means was compared using analysis of variance
(ANOVA) followed by Dunnett’s test. Differences were
considered significant at a level of P < 0.05.

Results

The results of our study show that the pretreatment
with zinc sulphate was able to prevent the develop-
ment of duodenal ulceration in a dose-dependent
manner. However, the route of application also
seems to have an important role (Table 1, Figure 1).

In the cysteamine control group, animals not
pretreated with zinc sulphate, cysteamine-induced
duodenal ulcers developed in 80% of rats, with an
ulcer index of 6.3 mm2 (Figure 1). No lesions devel-
oped in the group of animals that received zinc
sulphate in the highest per os dose of 80 mg kg–1.
In the group of animals treated with zinc sulphate
at a dose of 40 mg kg–1, 50% of rats developed
duodenal ulcers, with an ulcer index of 3.5 mm2

(Figure 1). In the lowest per os dose group (20 mg
kg–1 body weight), duodenal ulcers developed in the
same percentage of animals as in the cysteamine
control group (80%); however, the ulcer index was
4.6 mm2 (Figure 1). The dose of 80 mg kg–1 admin-
istered by the i.p. route did not exert such a protec-
tive effect as the same dose given orally, but the
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Table 1. The mean ± SEM values of serum and zinc
tissue concentrations and the ulcer index in the investi-
gated experimental groups

Group Serum Zn Tissue Zn Ulcer
(N = 10) concentration concentration index

(×10–5 mol l–1) (×10–3 mol kg–1) (mm2)

Healthy control 2.355 ± 0.632b 2.427 ± 0.327b 0
Cysteamine 1.224 ± 0.374a,c 3.600 ± 0.483a,c 6.3

control
Zinc sulphate 2.404 ± 0.241b 2.118 ± 0.276b 0

control

80 mg kg–1 per os 1.789 ± 0.204b 2.303 ± 0.164b 0
40 mg kg–1 per os 1.574 ± 0.305a,c 2.269 ± 0.188b 3.5
20 mg kg–1 per os 1.573 ± 0.327a,c 2.210 ± 0.105b 4.6
80 mg kg–1 i.p. 1.149 ± 0.267a,c 2.396 ± 0.153b 4.0

aP , 0.05 versus healthy control.
bP , 0.05 versus cysteamine control.
cP , 0.05 versus zinc sulphate control.



ulcer index (4.0 mm2) was significantly lower than
in the cysteamine control group (Figure 1).

The values of the serum and tissue zinc concen-
trations of the investigated groups are reported in
Table 1 and Figure 2. Only in the group pretreated
with zinc sulphate at a dose of 80 mg kg–1 per os did
the zinc serum value show a significant difference
from the cysteamine control group. No statistical
significance in serum values was noted among the
remaining groups which were pretreated with zinc

sulphate when analyzed between themselves, but a
significant difference did exist when these groups
were compared with healthy control animals.

Tissue zinc concentrations all showed signifi-
cantly lower values in the investigated groups when
compared with the cysteamine control group. No
difference, however, was noted when groups were
compared amongst themselves, nor when they were
compared with the healthy control group.

Zinc sulphate, when applied solely, did not cause
the development of duodenal ulcers (Figure 1, 
Table 1). The serum concentration in this group was
significantly higher than in the cysteamine control
animals as well as in the experimental groups which
received zinc sulphate pretreatment at doses of 40
and 20 mg kg–1 per os and 80 mg kg–1 i.p. No differ-
ence was noted when compared with the group 
that received zinc sulphate at a dose of 80 mg kg–1

per os nor when compared with healthy control
animals. The zinc tissue concentration was signifi-
cantly lower than in the cysteamine control group,
but no difference could be noted when compared
with the groups with zinc pretreatment nor with the
healthy control group.

Discussion

The results of the present study indicate that zinc
sulphate exhibits a potent dose- and route-depen-
dent cytoprotective effect in cysteamine-induced
duodenal ulceration.

Cysteamine-induced duodenal ulcers in rats have
been widely used to evaluate the effects of antiulcer
agents, because histopathological changes of this
ulcer model closely resemble those in human chronic
duodenal ulcers (Szabo 1978). The mechanism by
which cysteamine induces duodenal ulcers is com-
plex. Centrally, it antagonizes dopamine (Glavin 
& Szabo 1990) while peripherally it increases gas-
tric secretion, induces duodenal dismotility (rapid 
duodenal transit), decreases epithelial bicarbonate 
production and decreases mucosal blood flow. All
these factors reduce the acid neutralization capacity
and mucosal resistance, and contribute to duodenal
ulceration (Szabo & Cho 1988).

Zinc compounds have been proven to preserve
defense mechanisms and protect against ulcer devel-
opment in the gastric mucosa. Previous reports have
suggested that the antiulcerative effects of zinc could
be due to several mechanisms such as stabilization
of biological membrane integrity including those of
lysosomes (Pfeiffer et al 1987b, Cho 1989), inhibi-
tion of histamine release from mast cells within the
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Figure 1. The development of duodenal ulcers induced by
the subcutaneous application of cysteamine (400 mg kg–1).
Values represent the ulcer index (mm2) of 10 rats in each
experimental group.

Figure 2. Zinc serum (mol l–1) and tissue concentration
values (mol kg–1) in the investigated experimental groups.
The values represent the means of 10 rats in each group;
horizontal lines indicate the SEM. aP , 0.05 versus the
healthy control group; bP , 0.05 versus the cysteamine
control group; cP , 0.05 versus the zinc sulphate control
group.



gastric mucosa (Ogle & Lau 1979), improvement of
microcirculation (Lloris et al. 1988), an increase in
the production of gastric mucus (Esplugues et al.
1985) and stimulation of prostaglandin biosynthesis
(Navarro et al. 1988).

Recently, we demonstrated that the onset, devel-
opment and spontaneous healing of cysteamine-
induced duodenal ulcer lesions were associated with
certain shifts in endogenous zinc serum and tissue
levels. Briefly, prior to ulcer formation (up to 6 h),
a significant increase was noted in serum zinc values.
With the onset of duodenal lesions (between 6 
and 12 h), zinc serum concentrations significantly
decreased, while there was an increase in duodenal
tissue concentrations. Compared with healthy
control animals, 24 h following cysteamine applica-
tion, serum zinc levels reached the lowest values
noted while at the same time the largest tissue
concentrations were recorded. Despite the correla-
tions between endogenous zinc tissue concentrations
and ulcer forming processes in the duodenal mucosa
(Troskot et al. 1996), the mechanism by which a
cytoprotective effect is achieved is not fully under-
stood (Navarro et al. 1990, Cordova 1994, Kashiwagi
et al. 1995).

In the present study, therefore, we once again
used the cysteamine duodenal ulcer model to eval-
uate the direct cytoprotective effects of zinc sulp-
hate pretreatment in preventing the formation of
duodenal ulcers.

Comparing the results obtained in the healthy
control group and the zinc sulphate control group,
it is obvious that there is no significant difference
between zinc serum and tissue concentrations in
both groups. This confirms the existence of an
absorption/excretion balance which is characteristic
of healthy, unstressed animals (Onosaka et al. 1986).
The zero ulcer index in the zinc absorptive control
group confirms that zinc, by itself, is not an ulcero-
genic compound.

Cysteamine, as an ulcerogenic stressor, caused the
depletion of serum zinc concentrations and an
increase in zinc tissue concentrations, with an ulcer
index of 6.3 mm2. It is well known that various types
of stress lower the serum concentration of zinc
(Hambridge et al. 1986), but the synthesis of metal-
lothioneins is increased in both enterocytes and
hepatocytes as a reaction to stress (Kotsonis &
Klaassen 1979) as well as following oral and par-
enteral application of zinc (Onosaka et al. 1986). 
The function of metallothionein, however, remains
elusive, although many possibilities have been pro-
posed. It has been thought to detoxify heavy metals,
stabilize membranes, or regulate zinc and copper

metabolism; it has been suggested to be a radical ion
scavenger, shown to be the source of zinc for newly
synthesized apoenzymes, and postulated to serve as
a regulator molecule in gene expression (Eaton et al.
1980, Heilmaier & Summer 1985, Heilmaier et al.
1987, Vallee & Falchuk 1993).

Animals in the pretreatment groups were given
zinc sulphate one hour prior to cysteamine
(stressor). Upon assessment of ulcer indexes in the
experimental groups, 24 h after cysteamine applica-
tion, the largest per os dose (80 mg kg–1) group
showed no macroscopic visible duodenal lesions
(ulcer index = 0). Lower per os doses of zinc
sulphate and i.p. application showed weaker protec-
tive effects (Figure 1, Table 1). The low zinc serum
concentration in all these groups, except to some
extent the 80 mg kg–1 per os group, resemble the
cysteamine control value. Suprisingly, zinc tissue
concentrations in all these groups did not follow the
same characteristic increase as was noted in the
cysteamine control group and in other experimental
models (Cordova 1994, Kashiwagi et al. 1995).

Based upon the observations of the ulcer indexes,
we can conclude that the zinc pretreatment is effec-
tive in preventing the development of duodenal
lesions; however, it is obvious that the protective
effect is dependent upon the route of application. It
is well known that zinc is absorbed in the duodenum,
jejunum and ileum by both passive diffusion and
carrier-mediated processes in enterocytes, and is
influenced by various physiological (age, lactation,
pregnancy, etc.) and pathological (starvation, 
inflammation, stress, infection) conditions. On the
contrary, i.p. application represents an unnatural
route of application for this metal, evading all the
previously mentioned, well-balanced absorptive
mechanisms (Vallee & Falchuk 1993, Whitehead et
al. 1996). Thus, in our opinion, it is only natural to
expect that the same dose of ZnSO4 (80 mg kg–1)
applied i.p. exerts a less potent protective effect
(ulcer index 4.0 mm2) compared with per os appli-
cation (ulcer index 0 mm2).

The exact mechanism by which zinc ions exert
their protective effects in this model can be specu-
lated. It has been shown that zinc sulphate pretreat-
ment reduces gastric acid secretion and also reduces
H+ back diffusion into and Na+ leakage from the
gastric mucosa (Cho 1989). Zinc ions have been
shown to play a critical physiological role in the
structure and function of biomembranes. Zinc stabi-
lizes membranes by reacting with SH groups of the
plasma membrane proteins to form stable mercap-
topeptides which are important for the integrity 
of plasma membranes (Cho 1989). Cysteamine
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duodenal ulcerogenic potency seems to be associ-
ated with two carbon (–C–C–) groups containing
reactive radicals, (–SH, –NH2) (Szabo 1978). The
question remains: can zinc, among its other possible
protective mechanisms, prevent cysteamine ulcers
by reacting with the cysteamine –SH group?

To conclude, the results of this study indicate a
protective effect of zinc sulphate pretreatment in
cysteamine-induced duodenal ulcers; however, this
protective effect was not achieved by measurable
accumulation of zinc in the duodenal tissue.
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