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Abstract

Lesions developing in the gastric mucosa of the
rat after exposure to different gastric damaging agents
(100 mg/kg aspirin, and 70% or 100% ethanol) were as-
sessed by scanning electron microscopy. The severity of
the lesions was quantified according to morphological
criteria. Modifications in the severity of these lesions
induced by pretreatment with zinc acexamate were also
analyzed. The scanning electron microscope revealed
that with the exception of absolute ethanol, which caused
distinctive morphological features, lesions found under
the different experimental agents shared a common pat-
tern of progression. Ultrastructural lesions on surface
epithelial cells preceded further alterations of parietal
cells. After the integrity of the epithelial cells was lost,
detachment of the parietal cells occurred, probably,
through peptic digestion of the connections between cells
and their extracellular matrices. Pretreatment of animals
with zinc acexamate increased the presence of mucus on
the gastric surface and significantly prevented the pro-
gression of lesions towards the severest stages. Ultra-
structural damage of surface epithelial cells was not in-
fluenced by this treatment, but detachment of damaged
cells was clearly diminished. These data confirm the
protective effect of zinc acexamate against gastric ag-
gressions. Moreover, our studies confirm the notion
that mucus secretion and maintenance of continuity on
the gastric lumen by surface epithelial cells is of critical
importance in preventing the gastric damage induced in
these experimental models.
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Introduction

Development of gastric mucosal damage induced
by a variety of ulcerogenic agents has been studied in
different experimental models [20]. The macroscopical
quantification and morphological assessment of these
gastric injuries have contributed to the understanding of
the mechanisms involved in experimentally induced le-
sions which, in turn, has facilitated the development of
pharmacologic therapies for the human pathological
condition.

To date, macroscopical criteria used to quantify
experimental lesions include measurement of the ulcer
length by morphometry [8] and the use of arbitrary
scales [1, 11]. The light microscope allows the deter-
mination of the depth of the injury and morphological
modifications in the gastric mucosa. Unfortunately, ob-
servations in the light microscope are often restricted to
a limited portion of the stomach and fine ultrastructural
changes taking place on the gastric surface might be
overlooked. The scanning electron microscope (SEM),
initially introduced for studies on gastric topology [21,
22], permits investigation of gastric lesions at ultrastruc-
tural level [4, 15, 17, 19, 35]. The possibility of ac-
cessing different areas of the same sample, the great
depth of field, and the three-dimensional viewing of the
surfaces provide detailed structural information that is of
great help in reconstructing the natural progression of
the lesions. Morphometric evaluation by SEM is cer-
tainly limited [25], though some authors have developed
morphological criteria that can be used to stage the
severity of gastric lesions [34].

Zinc acexamate (ZAC) has been demonstrated to
prevent the development of experimental gastric lesions
[9, 10, 12]. The protective effect of ZAC seems to re-
sult from its combined action on aggressive and defen-
sive mechanisms at the gastric mucosal level. ZAC im-
proves gastric mucosal defense preventing the disruption
of the mucosal barrier [11, 12], stabilizing biological
membranes [24], and improving gastric microcirculation
[6]. This zinc compound has shown additional inhibitory
effects on pepsin and acid secretion [7]. A recent
investigation on ultrastructural gastric damage induced
by aspirin revealed that ZAC was capable of preventing




formation of deep erosions, but did not completely pre-
vent ultrastructural damage of surface epithelial cells
[5]-

In the present study, SEM was used to investigate
morphological changes taking place in the gastric mu-
cosa of the rat subjected to different damaging agents
which are known to result in the development of severe
gastric ulcerations. Severity of the experimental lesions
was quantified according to morphological criteria.
Modifications in the severity of these lesions induced by
pretreatment with ZAC were also analyzed.

Methods

General

Female Wistar rats of similar weight (200 + 10
grams) and age (8-9 weeks old) were used [13]. Ani-
mals were distributed in 4 groups consisting of 20 ani-
mals each. One of these groups was used as a control
and the remaining three groups were subjected to experi-
mental gastric damage according to the methods de-
scribed below. Animals were deprived of food but al-
lowed free access to water during the 24 hours that pre-
ceded the induction of gastric damage. Half of the ani-
mals of each experimental group received a pretreatment
with 100 mg/kg ZAC (p.o.) 60 minutes before exposure
to the correspondent gastric aggressive agent.

Experimental models of gastric lesion

Acetylsalicylic acid (ASA): Gastric damage was
induced by oral administration of 100 mg/kg ASA.
Animals were sacrificed 1 hour later [5].

Ethanol: To induce gastric lesions, 1 ml of
100% or 1 ml of 70% ethanol was administered p.o.
Animals were sacrificed 1 hour later [26].

Sacrifice and sampling

Animals were killed by cervical dislocation. The
stomachs were reached through medial laparotomy and
an incision was made in the duodenum. A polytene can-
nula was placed into the stomach via the oesophagus and
the cavity washed with 10-15 ml of 0.15 M phosphate
buffered saline (PBS) pH 7.2. Immediately afterwards,
the stomach was perfused with fixative solution (2.5%
glutaraldehyde in PBS). Once the solution flowed out
through the duodenal incision, the pylorus and the
oesophagus were ligated. Stomachs were removed from
animals and immersed in fixative. After 20 minutes,
stomachs were opened along the greater curvature and
macroscopically inspected. Representative stripes (6
mm x 5 mm) were obtained from the fundic region of
each stomach, placed in fresh fixative solution, and
fixation was continued for 24 hours at 4 °C.

Sample processing for scanning electron microscopy

Fixed stomachs were washed in PBS pH 7.2 and
postfixed for 45 minutes in 1.0% buffered osmium te-
troxide. Samples were washed again in the buffer and
dehydrated in graded series of ethanol and transferred to
pure isoamyl acetate. Samples were dried by means of
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Figure 1 (on the facing page). Scanning electron mi-
crographs of rat gastric surfaces: (A) Normal appear-
ance of the undamaged gastric mucosal surface in a con-
trol animal showing the smoothly undulated epithelial
surface layer delimiting the openings of gastric glands
and presence of the mucus layer (arrow). Treatment
with aspirin caused the disappearance of the mucus layer
and induced a wide range of lesions often in the same
animal. (B) Focal erosions of the mucosal surface
progressing towards the mucous neck cells. (C) Inter-
cellular junctions are preserved (arrow). (D) Destruc-
tion of the interfoveolar surface epithelial cells with
exposure of the architectural organization of the gastric
glands (arrow). (E) Shedding of mucous and parietal
cells from the basal lamina. Membranes of these cells
appear well preserved. (F) Complex image of severely
damaged mucosa with marked exfoliation, presence of
blood cell elements and fibrous material. Bar = 20 pum.

the critical point method, and coated with gold up to a
thickness of 400 A in a sputter coating unit (Polaron
E5000). Specimens were coded so that observers were
unaware of the treatments. Observations were per-
formed in a Hitachi $2300 SEM operated between 15
and 20 kV.

Semi-quantitative morphometric analysis

The fundic mucosa of each stomach was systemat-
ically examined at low and high magnification in the
SEM. A progressive score of gastric damage from 0 (no
lesion) to 5 (severest damage) was established. This
scoring system is similar to that used by Winters er al.
[34] with minor modifications:

0. Gastric surface coated with mucus and nor-
mal morphology of the epithelial cells in those areas
where they are visible.

i Ultrastructural damage of isolated surface
epithelial cells.

2. Ultrastructural damage affects groups of
surface epithelial cells usually of the same gastric gland,
but the integrity of the epithelial surface is still
preserved.

3. Detachment of surface epithelial cells with
exposure of the reticular framework (basal lamina);
mucous neck cells are visible on the reticulum.

4. Dehiscence of cellular components of
gastric glands from the basal lamina.

S. Bare reticulum with single or isolated
groups of cells visible in deep portions of the remaining
reticulum.

The maximum score (severest damage) observed
for each stomach was recorded and used for statistical
studies. Mann-Whitney rank sum test was used for
statistical comparisons.
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Figure 2. Bar diagrams representing average maximum
scores obtained under the different experimental condi-
tions. Results are expressed as mean + standard error.
Empty bars represent values obtained in animals subject-
ed only to gastric aggressions. Dashed bars represent
the values obtained in similar groups of animals that
received a pre-treatment with zinc acexamate (100
mg/kg). Asterisk denote statistical significant differences
as revealed by the Mann-Withney test: * p < 0.05.

Results

Morphology of gastric lesions after different

experimental conditions

In the SEM, the gastric mucosa of control animals
appeared smoothly undulated. Frequently the presence
of a continuous layer of mucus prevented the detailed
observation of the luminal mucosa. Cells of the gastric
mucosal surface were easily distinguishable in areas not
covered by mucus. Figure 1A shows the normal appear-
ance of the undamaged gastric mucosal surface in a con-
trol animal revealing the convex surface epithelial cell
convolutions surrounding the openings of gastric glands
and the presence of mucus. Results of the semi-quantita-
tive analysis of the gastric damage observed after the
different experimental models are summarized in Figure
2. The severity of the lesions varied with the different
damaging agents. Absolute ethanol caused the severest
lesions followed by aspirin and 70% ethanol.

Destruction of the mucus layer and damage of
surface epithelial cells was commonly observed in ani-
mals receiving ASA. The cellular damage was evi-
denced by cell membrane destruction that was often seen
even in animals with no apparent macroscopical injury
(Figures 1B and 1C). Occasionally, this cellular damage
was the only sign of gastric lesion in aspirin-treated ani-
mals. However, more severe lesions such as sloughing
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Figure 3 (facing page, at left). At low magnification
(A), the presence of large areas denuded of gastric mu-
cosa (lower left) alternating with undamaged areas (up-
per right) was a common finding after administration of
absolute ethanol. A more detailed observation of these
apparently undamaged areas (B) reveals that sealing cells
have lost their normal appearance progressing to dough-
nut-like shapes that eventually slough off allowing the
visualization of the basal lamina. Treatment of animals
with 70% ethanol resulted in severe lesions of the gastric
mucosa (C), but epithelial cell membrane disruption sim-
ilar to that observed after aspirin was commonly
observed. Bar = 30 pm (in A); 20 pm (in B, C).

Figure 4 (facing page, at right). Appearance of the
gastric mucosa in animals pretreated with zinc acexamate
(ZAC). Oral administration of ZAC to control animals
(A) resulted in an increased presence of mucus covering
the mucosal surface. Surface epithelial cells appear well
preserved in those areas where the mucus layer was dis-
continued (insert).

Pretreatment of animals with ZAC prevented the
detrimental actions of the different gastric damaging
conditions: (B) An increased presence of mucus with a
fibrillar disposition was observed in those animals that
were exposed to aspirin (100 mg/kg) after ZAC. At low
magnification the mucosal surface beneath this mucus
layer appeared well preserved. Extensive disruption of
the superficial mucosal layer observed in animals only
exposed to aspirin was prevented. Studies at higher
magnification showed cellular damage on isolated cells.
Surface epithelial cells seem more affected than those
located deeper in the neck of mucous glands (insert).

In animals subjected to absolute ethanol (C), the
most severe erosions were prevented. A thin layer of
adhering mucus capping surface epithelial and neck
mucous cells was evident (arrow). Bar = 20 um.

off the more superficial cells from the secretory channels
were observed in the same stomachs (Figure 1D). At
this stage, cells still present in the secretory channels
remained apparently attached to the basal lamina and did
not show major alterations of their membranes. At a
more advanced stage of the same phenomenon, shedding
of cells from the secretory channels leaving the basal
lamina largely denuded was more frequent (Figures 1E
and 1F).

Extensive exfoliation of surface epithelial cells
and exposure of the basal lamina were frequently
observed in the stomachs from rats receiving absolute
ethanol. Disruption and cavitation of surface epithelial
cells seen after aspirin were extremely unusual after
absolute ethanol. Deep erosions developing after admin-
istration of this concentrated necrotizing agent affected
wide portions of the gastric mucosa and extravasated
blood cells were often present. At low magnification
(Figure 3A), gastric erosions were found adjacent to
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Figure 5. Schematic representation of the se-
quence of morphological changes inferred from
this study. Stages: I-II = damage of surface
epithelial cells; III = dehiscence of mucous
cells located in the neck of gastric glands; IV =
detachment of deeper cell elements; V = expo-
sure of the naked basal lamina. Loss of conti-
nuity of surface endothelial cells facilitates acid
and enzymatic attack on the abluminal sides of
remaining cellular elements in the gastric gland.

areas where surface epithelial cells remained apparently
preserved without signs of cellular damage. A more de-
tailed observation of these cells revealed morphological
changes such as flattening of the surface convexity,
absence of membrane villi and progression of the cells
sealing the secretory channel to a doughnut-like
appearance (Figure 3B).

Gastric erosions also appeared after administration
of 70% ethanol though they were less frequent and af-
fected only limited portions of the gastric mucosa.
Damage of surface epithelial cells, similar to that ob-
served after aspirin, was again observed when ethanol
was used at this lower concentration (Figure 3C).

Effect of pretreatment with Zinc Acexamate

Pretreatment of rats with ZAC resulted in a sig-
nificant decrease in the severity of the lesions usually
developing after exposure to the different gastric dam-
aging agents. Statistically significant decreases (p <
0.05) in maximal scores obtained in the semi-quantita-
tive morphological evaluation were observed in animals
that had received ZAC (Figure 2).

An increase in the presence of mucus without
changes in the normal appearance of the gastric mucosa
was observed in animals of the control group that
received only ZAC (Figure 4A).

Detailed morphological studies in ZAC-pretreated
animals revealed that this compound prevented the de-
velopment of the most severe lesions induced by the dif-
ferent experimental conditions. Superficial erosions of
the gastric mucosa with dehiscence of mucous neck cells
and deep erosions with exposure of bare basal lamina
(scores 3-4) commonly observed after the different dam-
aging agents were only occasionally seen in animals pre-
treated with ZAC. Conversely, ultrastructural damage
of random or grouped surface epithelial cells (scores 1-
2) was more frequently observed in those animals sub-
jected to gastric damaging agents that had been pre-
treated with ZAC (Figures 4B and 4C).

Disruption of the mucus layer usually observed
with aspirin treatment alone was less evident in ZAC-
treated animals (Figure 4B). An increase in mucus out-
put was also noticed in the group of animals subjected to
70% and 100% ethanol-induced injury (Figure 4C).
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Discussion

ultrastructural

The present
changes observed in stomachs of young adult rats sub-
jected to different gastric damaging agents (100 mg/kg
aspirin, and 70% or 100% ethanol). Maintenance of the
continuity of surface epithelial cell layer seems to be of
critical importance in the prevention of gastric damage

study describes

developing in these experimental models. Studies per-
formed in similar groups of animals receiving oral pre-
treatment with 100 mg/kg ZAC indicate that an increase
in mucus secretion together with an improvement in the
resistance of the epithelial mucosal coverage play a
crucial role in the prevention of severe ulcerations
developing under the experimental conditions used in our
investigations.

Our SEM studies indicated that, with the excep-
tion of absolute ethanol which caused distinctive mor-
phological lesions, aspirin- and 70% ethanol-induced le-
sions in the rat shared a similar pattern of progression.
As reflected in Figure 5, a common sequence of events
was recognized in our studies. First, injury of surface
epithelial cells was evidenced in the form of cell mem-
brane destruction that was only noticeable at high magni-
fication. This type of cellular damage is often over-
looked in macroscopical evaluations [5]. The ultrastruc-
tural damage affected initially random cells and extended
to mucous neck cells. In a more advanced stage, the in-
tegrity of contiguous surface epithelial cells sealing gas-
tric glands was lost resulting in exposure of the underly-
ing cellular components of gastric glands to the gastric
juice. When groups of these surface epithelial cells
were found sloughing off the gastric foveolae in some
areas, more severe lesions were likely to appear in other
areas of the same stomach. These findings confirm pre-
vious observations suggesting that the surface epithelial
cells conform a mosaic that seals the gastric glands and
protects other cell components against the chemical con-
tent of the gastric lumen [27, 30, 31]. When several
pieces of this mosaic are damaged, the architectural
integrity is lost and the underlying cellular components
of the gastric glands are exposed to the gastric content.
Consequently, the dissociation of these cellular compo-
nents from the basal membrane would be greatly
facilitated.

I —r——
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A number of interpretations to the presence of
cellular components attached to the basal lamina have
been given in the literature. Terms such as migration,
repair, and regeneration have been applied to cells at-
taching to or detaching from the basal lamina [16-19,
34]. Based on the analysis of images obtained in the
present study, we suggest that dehiscence of the cell
elements from the gastric gland occurred by peptic di-
gestion. In fact, enzymatic digestion is currently used
in the laboratory to separate different cell components
from their original tissues or to detach cultured cells
from their support [28, 32]. This interpretation does not
preclude that some of the enzymatically detached cells
might form colonies in other areas of the gastric mucosa,
thus contributing to the process of repair described by
other authors [16, 18, 29]. As previously stated, this
enzymatic attack does not necessarily result in a com-
plete cellular destruction [18]. In fact, a good ultra-
structural preservation of the morphology of those cells
still attached to the basal lamina was observed in our
studies, suggesting that these cells are still viable.
Despite the good ultrastructural preservation, morpho-
logical classification of detached cellular elements exclu-
sively through images provided by the SEM would be
uncertain.

Studies performed in animals pretreated with ZAC
indicated that this compound protected against severe
gastric damage developing under the different experi-
mental gastric aggressions used in our experiments. Our
observations suggest that ZAC increased the presence of
mucus in control animals and partially preserved the
integrity of the mucus sheets, apparently disrupted by
the different gastric damaging agents. These results
substantiate previous observations in the light micro-
scope suggesting quantitative and qualitative changes in
mucus production in rats treated with ZAC [5, 6, 10-
12].

Secretion of mucus is thought to play a critical
role in gastric defense against luminal aggressions.
Mucus would act not only as a chemical [3] but also as
a physical barrier [2] against further damaging condi-
tions. Gastric mucus is intrinsically resistant to the
gastric juice. Mucous cells are expected to resist unfa-
vorable chemical conditions developing in the gastric
lumen. However, routine light microscope studies per-
formed in the same samples used for SEM revealed that
even mucous cells located in the neck of gastric glands
disappeared in severely damaged areas (data not shown).
The most plausible explanation seems to be that adherent
mucus would act as a protective cap for the mucosal epi-
thelium [33], but it is ineffective against enzymatic ag-
gressions acting on their abluminal side. The latter
event is likely to occur when surface epithelial cells have
been already damaged or lost (detail in Figure 5).

The importance of the continuity of the surface
epithelium is reinforced by the observations in ZAC
treated animals. This compound did not prevent ultra-
structural damage of surface epithelial cells, but signifi-
cantly reduced the progression of this damage towards
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aggravated ulcers. Indeed, ZAC markedly reduced the
detachment of damaged epithelial cells which resulted in
a better preservation of this protective layer. Zinc com-
pounds are known to increase stability of cell membranes
against labilizing conditions [23, 24] and to stabilize
cytoskeletal proteins located at cell adhesion sites [14].
These cell stabilizing mechanisms are likely to be related
to the resistance of epithelial cells to aggressive
conditions.

Of the different damaging conditions tested in our
studies only absolute ethanol showed a distinct pattern of
evolution of gastric lesions. One hour after the adminis-
tration of this damaging agent, apparently well preserved
surface epithelial cells coexisted in the same microscopic
fields with areas where severe erosions were evident.
Similar morphological patterns have been perceived as
an early sign of repair [17-19, 34]. To us, this interpre-
tation is not completely satisfactory because repair
should be faster under conditions causing less injury
(70% ethanol). However, our studies performed with
this lower concentration of ethanol showed morphologi-
cal features that resembled more those described for as-
pirin. These observations suggest that absolute ethanol
causes specific lesions through mechanisms that do not
parallel those involved in other experimental models of
gastric aggression used in our studies.

In summary, different methods of gastric aggres-
sion showed a common pattern of ultrastructural modifi-
cations. Pretreatment of animals with ZAC prevented
severe gastric damage through increase in mucus secre-
tion and maintenance of the continuity of the mucosal
epithelium. Loss of the superficial layer of surface
epithelial cells is a critical event for the development of
gastric lesions in these experimental models.
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Discussion with Reviewers
Reviewer I: The (semi-)quantitative ratings are only

based on the most severe lesion found. However, the
size and number of the damaged areas should be consid-
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ered, especially in evaluating effects of different damag-
ing conditions. How can general effects be evaluated on
the basis of, maybe even a single small, though severe,
lesion, without considering the condition of the whole
gastric epithelium.

Authors: In the studies referred in our manuscript, all
the stomachs were routinely subjected to a macroscopical
inspection and subsequent grading of lesions according
to criteria already published. The problem with the
macroscopical grading of gastric mucosal lesions is that
criteria that are useful to evaluate lesions appearing in
one experimental model are inappropriate for other ex-
perimental conditions. Even measurement of lesions in
mm?, a very accurate method for the geometrically
shaped lesions induced by ethanol, would underestimate
scattered lesions caused by anti-inflammatories.

We agree with the reviewer that the method we
describe might appear simple or limited for a precise
morphometric evaluation. In our opinion, this method
takes into consideration the experience gained from mac-
roscopical evaluations and incorporates the advantage of
the more detailed information provided by the SEM.
Basically, in our method the severity of the lesions in
each stomach is judged on the basis of their maximal
depth. This method shares common points with a previ-
ous and more elaborated morphometric method described
by Winters ez al. [34]. In our hands, the semi-quantita-
tive method we describe provides numerical data that
parallels with those obtained in macroscopical methods
for grading ulcers. This is the reason that prompted us
to delete the table showing macroscopical evaluations of
gastric lesions that otherwise would have been
repetitive.

We want to emphasize that in our experience,
which is generally in accordance with the literature pub-
lished on experimental gastric ulcer, the possibility of a
single small, though severe, ulcer is unlikely in the rat.
The only experimental model that produces such type of
ulcers in the rat is the submucosal injection of acetic
acid [36]. In this experimental model, the size of the
round shaped ulcer can be easily quantified macro-
scopically by measuring the diameter in mm.

In the unlikely event that a single deep ulcer
(severe prognoses in humans) was found in a rat, our
morphometric method would have assigned that stomach
a high score which seems correct to us. Perhaps, a
situation in which our method would be less reliable
would be the case of very superficial lesions affecting
wide areas of the gastric mucosa. In such a case, the
severity of the total lesion might be underestimated.
Fortunately, in the latter case the detailed topographic
information provided by the SEM helps in re-qualifying
such lesion and a comment would be made following the
initial score obtained. Such comments, when necessary,
are included in the description of the results.

Reviewer I: Presence or absence and the (again quanti-
tative) extent of mucus seems crucial. Do the authors
think that their preparation protocols (PBS-washing,
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glutaraldehyde-fixation, dehydration,...) allows the
preservation of the mucus cover in a reproducible man-
ner, comparable to the in-vivo appearance?
Authors: The method of sample preparation used in our
investigations is commonly used for ultrastructural stud-
ies. The reviewer is correct, it has been widely dis-
cussed that such methods are not optimal for the preser-
vation of the mucus layer that coats the gastric mucosa.
It is likely that the mucus-cover, as observed after con-
ventional preparation procedures, may in fact differ
from its in-vivo appearance. However, most of the
problems described for these conventional methods is
that they dehydrate, shrink and distort the appearance of
the mucus gel [37, 38]. It is always recommended to
use unfixed sections of the gastric mucosa when accurate
morphometric evaluation of mucus presence is required.
If our information is correct, extraction of mucus
would limit the significance of our results if they showed
decreased mucus presence, but would have little impact
in our case where we found increased presence of mucus
after zinc acexamate. Another possibility is that the
quality rather than the quantity might have been altered
under some experimental conditions. Our previous ex-
perience with zinc acexamate indicates that this com-
pound affects both quantitatively and qualitatively the
presence of mucus [5, 6, 10-12].

Reviewer II: No time course experiment was performed
in the present study. Are there any particular reason for
terminating the experiments 1 hour after the damaging
treatment?

Authors: Our studies have been performed according to
protocols currently accepted for acute studies in rat
experimental models. It seems obvious that conditions
can be modified to achieve certain experimental objec-
tives. Dosage of damaging agents or time exposure to
damaging conditions can be increased even to the point
that pharmacological treatments (effective in human
practice) would be ineffective in the animal models. In
the experiments referred in our manuscript, experimental
conditions were maintained for one hour. The literature
and our own experience demonstrates that lesions in-
duced during this period of time (under the damaging
conditions employed) can be totally or partially reversed
by pharmacological agents.

Reviewer II: Do you mean that if one specimen is
graded II then the whole stomach (fundic part) will be
classified as a grade II damage even though the other
specimens have a normal ultrastructural appearance?

Authors: The answer to the reviewer’s comment is yes.
When an specimen is graded II, we assume that the
whole stomach is graded II. Although this assumption
may seem hazardous, please consider some additional
information: a) after the initial 20 minute-fixation,
stomachs are always macroscopically inspected; b) it is
unusual, in the experimental models used, that gastric le-
sions affect isolated areas that are not included in the
sample; ¢) in our experience, which is generally in ac-
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cordance with the published literature on experimental
gastric ulcer, the possibility of a single small, though
severe, ulcer is unlikely in the rat. The only experi-
mental model that produces such type of ulcers in the rat
is the submucosal injection of acetic acid [36].

Taking into consideration the frequency of distri-
bution of lesions in the experimental models used and
the access to a wide area of each stomach provided by
the SEM, the possibility of under- or over-estimating
gastric lesions is more limited than it may initially seem.
We think that the possibility of error, though it exist, is
similar to that implied in histological procedures in sec-
tions. It is always possible that a group of sections
examined in the light microscope may not contain the
injured area!

Reviewer II: In the Discussion it is speculated a lot
about the importance of mucus in protection against
these various damaging conditions. The authors may be
right, but there are many other possible explanations for
the protective effect of ZAC. It is generally accepted
that HCI plays a key role in the development of ulcers
disease. Is it not possible that ZAC may reduce HCI
secretion and thereby provide some protection? Have
you compared the effects of ZAC with conventional H,-
blockers or omeprazol?

Authors: You are correct, zinc acexamate possesses in-
hibitory effects on pepsin and acid secretion. This effect
on peptic and acid secretions may partially explain the
protective effect observed in experimental models where
acid secretion plays a role. However, this anti-secretory
mechanism cannot explain the effect of zinc acexamate
on experimental models such as ethanol in which acid se-
cretion plays a limited role [9, 11]. Since this manu-
script is based on ultrastructural techniques, results are
discussed on the basis of the morphological findings.
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Effects of zinc acexamate have been compared
with those of cimetidine and ranitidine in experimental
[11, 39] and clinical studies [40]. Results of experi-
mental studies suggest that zinc acexamate may possess
additional advantage over cimetidine and ranitidine in
models of chronic gastric ulcer. Meta-analysis of
grouped clinical trials suggest that zinc acexamate effec-
tiveness in the treatment of peptic ulcer is similar to that
of ranitidine (but with less side effects in the group of
patients treated with zinc acexamate).
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