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Abstract: Minocycline (MCN), a semi-synthetic tetracycline derivative possesses pleiotropic effects and provides
protection against a number of disease models. However its effect on gastric ulcers has not been studied. The pres-
ent investigation was undertaken, to study the gastro-protective potential of MCN in experimentally induced gastric
ulcers in rats. MCN (10, 30, 100 mg/Kg) was tested for gastric secretion and antiulcer activity in different groups
of Wistar rats. Gastric secretion and acidity studies were performed in pylorus ligated rats while indices of gastric
ulcers were measured in ethanol (1 ml-100%) and indomethacin (30 mg/kg), induced gastric ulcers. Histological
changes and the levels of gastric wall mucus, malondialdehyde (MDA), non-protein sulfhydryl (NP-SH), and myelo-
peroxidase (MPO), were used to assess ethanol induced gastric mucosal injuries. Exposure of rats to ulcerogens
resulted in gastric mucosal injury and a significant increase in the indices of ulcer. MCN conferred a protective effect
against ethanol, and indomethacin induced gastric mucosal injuries. Treatment with MCN, resulted in a significant
decrease in the amount of gastric secretion, and total acidity and significantly (P<0.001), reduced the gastric le-
sions induced by ethanol and indomethacin. MCN also significantly attenuated the ethanol induced reduction in the
levels of gastric wall mucus, and NP-SH (P<0.001). The histological changes and the increased MDA and MPO activ-
ity were also significantly (P<0.001) inhibited by MCN. Minocycline showed significant antiulcer and gastroprotective
activity against experimentally induced gastric ulcers. The gastroprotective effects of minocycline may be due to its
anti-secretory, antioxidant and anti inflammatory action.
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Introduction

Gastric ulcers predominantly characterized by
the damage to the gastric mucosa, is a disease
with multifactorial etiology. The predisposing
factors identified for gastric ulcerogenesis
include bacterial infection, excess intake of
alcohol, stress, use of steroidal and non-steroi-
dal anti-inflammatory medication, nutritional
deficiencies and trauma [1, 2]. Gastric ulcers
have also been suggested to occur due to an
imbalance between the levels of defensive fac-
tors and destructive injurious by products in
the gastric mucosa [3, 4]. Oxidative stress,
depletion of antioxidants, neutrophil accumula-
tion, increase in inflammatory cytokines, and
matrix metalloproteinase activity, and reduced
blood supply to the gastric mucosa have all
been implicated in the pathophysiology of gas-
tric ulcers [5-9]. Exposure to ulcerogens results

in excessive production of reactive oxygen spe-
cies (ROS) which are harmful for the gastric
mucosa [10], whereas the mucus layer and
endogenous antioxidants which are part of the
gastrointestinal defense help in the protection
against ROS induced cytotoxicity [7, 11]. The
infiltration of activated neutrophils also results
in the excessive generation of ROS which leads
to disturbances in the gastric mucosal microcir-
culation [12]. Neutrophil infiltration has also
been suggested to be a critical component in
the development of gastric ulcers. The enzyme
myeloperoxidase is used as an indicator of neu-
trophil infiltration in gastric ulcer pathogenesis
[7,9, 13-15].

In spite of the large number of drugs available
for the treatment of gastric ulcers, adverse
effects of these drugs necessitate a constant
search for new antiulcer therapies. Moreover,
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gastric ulcer being a multi etiological disease,
drug/s with multiple modes of actions may be
helpful in attenuation of gastric ulcers.
Minocycline a semi-synthetic tetracycline deriv-
ative possesses biological actions which are
significantly different from its antimicrobial
effects. The pleiotropic effects of MCN include,
free radical scavenging activity [16, 17], anti-
inflammatory action, and inhibition of matrix
metalloproteinases [18-20]. MCN through a
combination of its antioxidant, anti-apopto-
tic, anti-inflammatory and immunomodulatory
effects was recently observed to provide pro-
tection in animal models of intestinal disorders
[21-24]. Concurrently, doxycycline another tet-
racycline derivative was observed to arrest
chemically induced gastric damage in rats
through its antioxidant properties, and regula-
tion of matrix metalloproteinases [20]. Though
minocycline and doxycycline are both tetracy-
clines, the differences in the pharmacokinetics
and adverse effects between them are likely to
have a variation in their comparative efficacy
[25]. Furthermore, MCN has been reported to
be clinically useful in treating peptic disease
caused by Helicobacter pylori [26, 27]; howev-
er, it has not been studied in gastric ulcers.
Therefore, this study was undertaken to investi-
gate the gastro protective and antiulcer poten-
tial of MCN against chemically induced gastric
ulcers in rats.

Materials and methods

Approval for the study was obtained from the
institutional research and ethics committee.
The institutional guidelines for animal care
were strictly observed for animal maintenance
and during experimentation.

Wistar strain rats of either sex were used in the
study. Rats weighing between 150-200 g were
randomly distributed into different groups of six
animals each. Minocycline in doses of 10, 30
and 100 mg/kg body weight was given intra-
peritoneally (i.p.) for gastric secretion studies
and orally by intubation needle for antiulcer
activity. Each rat was administered the desired
concentration of the drug in a volume of 0.5
ml/100 g body weight.

Gastric secretion studies

Gastric secretion studies were performed in
different groups of pylorus ligated rats as
described by Shay et al [28]. Pylorus ligation
was performed under anesthesia. Before liga-
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tion, the animals were deprived of food for 36
hrs with unlimited access to water. Necessary
precautions were taken, to prevent bleeding or
the occlusion of blood vessels. Minocycline in
doses of 10 mg, 30 mg, and 100 mg/kg was
injected intraperitoneally to the different groups
of rats immediately after the ligation of the
pylorus. The animals were killed at 6 h following
pylorus ligation. The contents of the stomachs
were emptied, and the collected volume was
measured, centrifuged and analyzed for acidity
using 0.01N NaOH.

Indomethacin induced gastric lesions

Indomethacin (30 mg/Kg body weight) was
given orally (i.g.) for inducing gastric lesions in
rats [29]. Minocycline in doses of 10 mg, 30
mg, and 100 mg/kg was administered orally 1
h before giving indomethacin. The animals were
Killed under deep anesthesia 6 h following the
administration of indomethacin.

The stomachs were collected, opened, and
washed with saline and the gastric lesions were
measured blindly to determine the ulcer index.
The scoring of ulcers was based on the size and
was performed as described by Valcavi et al.
[301].

Ethanol induced gastric lesions (cytoprotection
studies): The gastroprotective potential of
minocycline was assessed against ethanol (1
ml of 100% ethanol) induced gastric mucosal
damage by following the method of Natale et al
[31]. Minocycline was given orally (i.g.) in doses
of 10 mg. 30 mg and 100 mg/kg 30 minutes
before the ethanol was administered. The ani-
mals were killed 1 h after giving ethanol and
the gastric lesions were scored by the method
of Schiantarelli et al [32].

Separate batches of ethanol treated rats were
used for biochemical and histological studies.
Minocycline (10 mg, 30 mg and 100 mg/Kg),
was administered 30 minutes before ethanol
administration. The animals were killed 1 h
after administering ethanol. The stomachs
were collected and the levels of gastric wall
mucus, nonprotein sulfhydryl group (NP-SH),
malondialdehyde, and myeloperoxidase (MPO)
were determined.

Determination of gastric wall mucus: A modi-
fied procedure of Corne et al [33] that employs
the Alcian blue binding capacity of the gastric
wall was used for the determination of gastric
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Table 1. Effect of Minocycline (MCN) on gastric secretions

and acidity in 6 h pylorus ligated (shay) rats

method of Ohkawa et al [35]. Pre
weighed gastric mucosa was homog-

Treatment .
secretion (ml)

Volume of gastric Total acid output

enized in 1.15% KCL. For the assay of
MDA 100 pl of homogenates was

Control (Pylorus ligation only) 9.010.7

Ligation + MCN 10 mg/kg 5.2+0.37"
Ligation + MCN 30 mg/kg 5.8+0.37"
Ligation + MCN 100 mg/kg 5.841.15"

61‘;"22 . added to 200 pl of 8.1% sodium

T dodecyl sulfate, and 1500 pl of 0.8%
238+18.5" aqueous solution of thiobarbituric
306+25.2% acid. The test tubes were placed in a
290473.1% water bath at 95°C for 1 h and cooled

Values are mean * standard error of mean. “P<0.05, "*P<0.005 and

#P<0.005 and #P<0.001 as compared with control group using Dunnett’s

multiple comparison test.

wall mucus. The glandular part of the stomach
was isolated from the inner wall of the stom-
ach, weighed and stained for two hours in a 10
ml solution of 0.1% Alcian blue prepared in
buffered (pH 5) solution of sucrose. At the end
of two hours, the excess dye was removed by
rinsing twice in 0.25 M sucrose solution. The
dye bound to the gastric wall mucus, was then
obtained by extraction with 10 ml solution of
0.5 M magnesium chloride by intermittent
shaking for 2 hrs. 4 ml of the extract were thor-
oughly mixed with 4 ml of diethyl ether and cen-
trifuged for 10 minutes (3600 rpm). The aque-
ous layer was separated and the absorbance
was recorded at 580 nm on a UV spectropho-
tometer. The amount of Alcian blue extracted
was then calculated.

Determination of nonprotein sulfhydryl groups
(np-sh) of the gastric mucosa: NP-SH levels in
the gastric mucosa were determined by follow-
ing the method described by Sedlak and
Lindsay [34]. Homogenates of the isolated
glandular part of the stomach were prepared in
ice-cold 0.02 M mmol/L EDTA. Aliquots of the
of the homogenates (5 ml) were mixed with dis-
tilled water (4 ml) and 50% trichloroacetic acid
(4 ml) in a test tube and the mixture was centri-
fuged at 3000 g after shaking intermittently for
15 minutes. The supernatant was collected
and 2 ml of the supernatant were added to 4 mi
of 0.4 M Tris buffer (pH 8.9) and 0.1 ml of DTNB
[5, 5'-dithio-bis-(2-nitrobenzoic acid)]. The mix-
ture was shaken, and the absorbance was read
at 412 nm against a reagent blank with no
homogenate. Care was taken to record the
absorbance in less than 5 minutes after adding
DTNB.

Determination of malondialdehyde (MDA)
Gastric mucosal malondialdehyde an indicator

of lipid peroxidation was determined by the
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at room temperature for 15 minutes.
After cooling, the contents of the test
tube were mixed with 1.0 ml of sterile
distill water and 5 ml of a mixture of
n-butane and pyridine (in a 15:1 ratio
v/v) and centrifuged at 4000 rpm for ten min-
utes. The upper layer was separated and the
absorbance was measured at 532 nm against
TBAasablankonaUVvisible Spectrophotometer
(UV-160A, Shimadzu, Japan). Results were cal-
culated as nmol TBARS formed/h/gm tissue
using an extinction coefficient of 1.56x106.

Determination of myeloperoxidase (MPQ)

The method as described by Bradley et al [36]
was used to determine the gastric mucosal
MPO activity. The homogenates were subjected
to three cycles of freezing and thawing and son-
icated in an ice bath for 20 seconds. The super-
natant collected after centrifugation of sam-
ples was assayed for MPO activity.

Histological analysis of ethanol-induced gastric
lesions: The stomachs were cut and washed
with saline and then fixed in 10% neutral buff-
ered formalin for 24 h. The tissues were pro-
cessed and stained with hematoxylin-eosin.
The slides were examined for the histological
changes under a light microscope.

Statistical analysis

The values are presented as + SEM. Analysis of
variance and Dunnett’s multiple comparison
tests were used to analyze the difference
between the groups. A P value of <0.05 was
considered as significant. The statistical pro-
gram SPSS (Version 15) was used to analyze
the data.

Results

Effect of MCN on gastric secretion and acidity
in 6 h pylorus-ligated shay rats

The results of this study show for the first time,
that minocycline has significant anti-gastric
acid secretory activity (Table 1). Pylorus ligation
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Figure 2. Effect of minocycline on ethanol induced gastric mucosal damage
in rats. Values are mean + SEM. *P<0.005 and **P<0.001 as compared
with control using Dunnett’s multiple comparison test. Animals in control
group were killed 1 h after the oral administration of ethanol. In the test
group minocycline was given by gavage 30 min before the administration
of ethanol.

Figure 1. Morphological appear-
ance of hemorrhagic lesions in the
stomach of rats treated with (A) Sa-
line only (B) Ethanol only (C) Mino-
cycline 10 mg/kg + ethanol (D) Mi-
nocycline 30 mg/kg + ethanol (E)
Minocycline 100 mg/kg + ethanol.

secretion to 5.2+0.37 ml,
5.840.37 ml and 5.8+1.15 ml
respectively as compared to
the control rats (ANOVA, F=5.60
P<0.008). The total acid output
in control rats was 614+68.8
mEg. Total acid output was sig-
nificantly reduced in rats treat-
ed with minocycline at 10 mg/
kg (238+18.5 mEq), 30 mg/kg
(306+25.2 mEq) and 100 mg/
kg (290+73.1 mEq) (ANOVA,
F=10.516 P<0.001).

Effect of MCN on mucosal le-
sions in the stomach of ethanol
treated rats

Treatment of rats with ethanol
produced widespread lesions
in the gastric mucosa that were
significantly attenuated upon
pretreatment with minocycline
(Figure 1).

The ulcer index in control rats 1
h after ethanol administration
was 7.331£0.33. Minocycline at
the doses of 10 mg/kg, (ulcer

for 6 h resulted in the accumulation of 9.0+0.7 index=5.83+£0.30), 30 mg/kg, (2.33£0.21),
ml of gastric secretion in control rats. Treatment and 100 mg/kg (0.33+0.21), resulted in a sig-
of rats with 10, 30 and 100 mg/kg of minocy- nificant inhibition of gastric lesions (ANOVA,
cline significantly reduced the volume of gastric F=139 P<0.001, Figure 2).
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Figure 3. Light micrographs illustrating the effect of pretreatment with minocycline on ethanol induced gastric le-
sions. A: Stomach from normal rats (saline). B: Stomach from rats administered with ethanol showing breaches
in the gastric mucosa with loss of epithelial cells, edema and hemorrhage. C: Stomach of rats pretreated with
minocycline 10 mg/kg + ethanol showing less damage to gastric mucosa with slight hemorrhage and edema. D &
E: Stomach of rats pretreated with 30 and 100 mg/kg minocycline showing preservation of gastric mucosa and an
outline similar to that of normal rats. Arrows indicate the damage and recovery of the gastric mucosa in the ulcer
and the treated groups. {The double arrow line indicates the reference for mucosal thickness.

Histological changes

Administration of ethanol to rats resulted in a
severe injury to gastric mucosa. The gastric
mucosal injury was characterized by numerous
hemorrhagic red bands (patches) of various
sizes distributed in the glandular stomach
(Figure 1). Assessment of the histology of the
gastric mucosa showed the presence of hemor-
rhage, inflammation, gastric lacerations, and
infiltration of leucocytes in the sub mucosal
layer and the epithelial surface of the mucosa
appeared detached with elongation of the
microvessels (Figure 3B). Pretreatment with
minocycline dose-dependently reduced the
size and severity of ethanol induced damage to
the gastric mucosa and restored the mucosal
architecture (Figures 1 & 3C-E).

Effect of MCN on indomethacin-induced gas-
tric mucosal damage

The effect of treatment with minocycline on
indomethacin induced gastric mucosal dam-
age is shown in Figure 4. Indomethacin treat-
ment resulted in production of gastric lesions
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mainly in the glandular stomach in all the ani-
mals. In the control group the size of the lesion
was 30+1.75 mm?2. Pretreatment of rats with
minocycline at doses of 10 mg/kg (10+1.8
mm?), 30 mg/kg (5.6+1.3 mm?), and 100 mg/
kg (1.8+.6 mm?), significantly decreased the
lesion area (ANOVA F=73.04 P<0.001) (Figure
4).

Effect of MCN on ethanol-induced changes in
gastric wall mucus

The results of the ethanol induced changes in
the gastric wall mucus of control and minocy-
cline treated rats is shown in Table 2. Alcian
blue binding capacity of gastric wall mucus was
significantly reduced in the rats exposed to eth-
anol treatment (2397.2+58.1 pg Alcian blue/g
of tissue) as compared to control rats (6678+21
ug/g tissue). Pretreatment of rats with minocy-
cline at the doses of 10 mg/kg (2415.8+44.7
pg/g tissue), 30 mg/kg (2724.8+56.5 ug/g tis-
sue) and 100 mg/kg (3660.5£23.5 ug/g tis-
sue) significantly improved Alcian blue binding
capacity of gastric mucosa (ANOVA F=514
P<0.001) (Table 2).

Int J Clin Exp Med 2014;7(3):586-596
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Figure 4. Effect of Minocycline on indomethacin induced gastric mucosal dam-
age in rats. Values are mean + S.EM. *P<0.001 as compared with control using
Dunnett’s multiple comparison test. Animals in control group were killed 6 h after
the oral administration 6 h after the oral administration of indomethacin. In the
test group minocycline was given by gavage 30 min before the administration of
indomethacin.

Table 2. Effect of Minocycline (MCN) on
ethanol induced changes in Alcian blue bind-
ing capacity (gastric wall mucus) in gastric
mucosa of rats

Alcian blue binding)

Treatment -
tissue
(ug/g tissue) (MPO) activity
Normal 6678121
Ethanol alone (EtOH) 2397.2+58.1"
EtOH + MCN 10 mg 2415.8+44.7

EtOH + MCN 30 mg 2724.8+56.5*
EtOH + MCN 100 mg 3660.5+23.5%
Values are mean + SEM. "P<0.001 as compared with
control group and #*P<0.05, #P<0.001 as compared
with Ethanol (ulcer only) group using Dunnett’s multiple
comparison test.

nificant

control
Effect of MCN on ethanol-induced changes in
gastric mucosa levels of nonprotein sulfhydryls
(NP-SH)

animals

increased the gastric mu-
cosal NP-SH levels (ANOVA
F=9.94 P<0.001).

Effect of MCN on ethanol-
induced changes in
gastric mucosa levels of
malondialdehyde (MDA)

The effect of minocycline
on ethanol induced chang-
es in the gastric mucosa
MDA levels is given in
Table 3. Administration of
ethanol resulted in a sig-
nificant increase in the lev-
els of MDA (56.81+1.77
nmol TBA/g tissue) as
compared to the levels in
control animals (34.58+
1.32 nmol/g). Pretreatme-
nt with minocycline at 10
mg/kg (52.12+0.97 nmol/
g), 30 mg/kg (44.15+1.32
nmol/g) and 100 mg/kg

(35.62+0.70 nmol/g) resulted in a significant
inhibition of the ethanol induced increase of
MDA (ANOVA F=5.084 P<0.05).

Effect of MCN on ethanol-induced changes in
the levels of gastric mucosa myeloperoxidase

Changes in gastric accumulation of neutrophils
following ethanol induced gastric lesions were
assessed by measurement of MPO activity. The
effect of MCN on ethanol induced changes in
the gastric mucosa MPO levels is given in Table
3. Administration of ethanol resulted in a sig-
increase
(4.85+0.31 A/g tissue) as compared to the
(2.76£0.23 A/g tissue).
Pretreatment with minocycline at 30 mg/kg
(2.37£0.0.25 A/g tissue) and 100 mg/kg
(2.70£0.028 A/g tissue) significantly attenuat-

in the levels of MPO

ed ethanol induced increase in gastric MPO

The results of the effect of minocycline on etha-
nol induced changes in the level of nonprotein
sulfhydryls of the gastric mucosa are presented
in Table 3. The levels of NP-SH in the gastric
mucosa of normal animals were 2.87+0.054
umol/g tissue and were significantly decreased
t0 1.73+£0.029 pmol/g tissue in ethanol treated
rats. Pretreatment of rats with minocycline at
30 mg/kg (2.12+0.084 umol/g tissue) and 100
mg/kg (2.59+0.024 pmol/g tissue) significantly

Discussion
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activity (ANOVA F=11.21 P<0.001). However
the changes in the gastric MPO activity were
not dose dependent and were statistically
insignificant in rats pretreated with low dose
(10 mg/Kg) of MCN (Table 3).

The present investigation was undertaken to
assess the gastro protective potential of mino-
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Table 3. Effect of Minocycline (MCN) on ethanol induced changes
in malondialdehyde (MDA), myeloperoxidase (MPO) and non protein
sulfhydryl (NPSH) levels in gastric mucosa of rats

tion in the levels of gastric
wall mucus (Figures 1 & 2
and Table 2). Ulcerogenic

substances such as aspirin,

MDA (nmol MPO A/g NP-SH umol/g
TBARS/h/gm tissue)  tissue A tissue alcohol, non steroidal inflam-
Control 34.58+1.32 2.76+0.23  2.87+0.054 matory substances (NSAIDs)
Ethanol alone (EtOH)  56.81+1.77" 485:0.31° 1.73:0.029°  ©lC. cause dispersal of the
EtOH + MCN 10 mg 5212+007* 3820041 1.75:0021  Protective mucus geland the
FIOH+MON30mg  44.15:1.32%  2.37£0.0.28% 21240084  PnoSPholipids layer, resulting

EtOH + MCN 100 mg 35.62+0.70"

2.76+0.0.23%

in acid back diffusion and

H#i#
2.5940.024 mucosal injury [40, 41]. Loss

Values are means + standard error of mean. "P<0.001 as compared with control
group and #*P<0.05 #P<0.001 as compared with Ethanol (ulcer only) group using

Dunnett’s multiple comparison test.

cycline against ethanol and indomethacin
induced gastric ulceration in rats. The gastric
mucosal protective activity of MCN was
assessed by measuring gastric secretion, gas-
tric adherent mucus, and markers of oxidative
stress and neutrophil activation. The results of
the present study suggest that minocycline has
significant protective action against alcohol
and indomethacin induced gastric ulcers. The
results further indicate that the gastroprotec-
tive activity of MCN may be based on the regu-
lation of gastric secretion and protection of
gastric mucosa against the induced oxidative
stress, and suppression of inflammation by
inhibiting the activation of neutrophils.

Pretreatment of rats with MCN significantly
reduced the gastric secretion and acidity in
pylorus ligated shay rats (Table 1). Gastric acid
plays a vital role in the development of gastric
ulcer in pylorus ligated rats [28]. An enhanced
acidity and gastric secretion are indicative of a
disruption in the physiological mechanisms
which normally regulate gastric secretion [37].
In addition it also results in the reduction of
gastric pH, which leads to the activation of pep-
sinogen to pepsin. Pepsin by its proteolytic
action further increases the size of the ulcer
lesion [2]. Earlier studies have shown that
agents with an ability to reduce gastric acid
secretion help in the attenuation of gastric
ulcers [13, 15, 38, 39]. The gastro protective
action of MCN may be assigned to the reduc-
tion in gastric secretion and acid output (Table
1).

Oral administration of ethanol resulted in the
formation of ulcerative gastric lesions in glan-
dular part of mucosa and a significant deple-
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or depletion of gastro protec-
tive factors may also result in
the breach of the gastric
mucosal defense which may
lead to ulceration even at the normal rate of
acid secretion [42]. On the other hand, agents
that restore the mucosal defense capacity
exert a protective effect against ulcerogen
induced gastrointestinal lesions [15, 21, 23,
43]. Pretreatment with minocycline was not
only helpful in the reduction of gastric secretion
and acidity but also protected the gastric muco-
sa against ethanol induced gastric lesions and
helped in restoring the depleted levels of gas-
tric wall mucus (Figure 2 & Table 2). Increased
secretion of mucus by gastric mucosal cells
helps to prevent gastric ulcer by better buffer-
ing of the acidic gastric secretions, by reducing
stomach wall friction during peristalsis and
gastric contraction [44], and by assisting in the
repair of the damaged gastric epithelium [45].
Epithelial cells of the gastric mucosa secrete
mucus gel produced by mucin (MUC) genes
[42]. Mucin and Zone Occludes-1 (Zone-1) a
trans-membrane protein that preserves the
tight junctions’ integrity are the indicators of
mucosal epithelial integrity [46]. A decrease in
their levels has been associated with mucosal
damage in an animal model of inflammatory
bowel disease (IBD) [23]. MCN was effective in
augmenting the protective mechanism of the
intestinal epithelial barrier and the restoration
of the damaged histological structure in experi-
mental IBD [23]. In addition, the beneficial
effect of MCN was associated with an improve-
ment of the altered immune response and
reduction in the expression of the proinflamma-
tory cytokines TNFq, IL1B and the chemokines
MIP2 and MCP-1, the adhesion molecule ICAM1
and the enzyme INOS and matrix metallopro-
teinase, MMP9 [21, 23] all known to play impor-
tant roles in the mucosal damage [47].
Therefore, the cytoprotective effect of MCN
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against ethanol induced gastric lesions may be
ascribed in part to its ability to strengthen the
mucosal integrity by replenishing the depleted
mucus layer (Table 2). This is further supported
by the results of histological studies (Figure 3).
MCN treated groups showed a better histologi-
cal architecture with a more compact mucosa,
less inflammation and hemorrhage (Figure 3C
and 3D) which are in agreement with recent
findings that show a protective effect of MCN in
experimental models of intestinal mucositis
and colitis [21-23].

We also observed MCN to wield a protective
effect against indomethacin induced gastric
lesions (Figure 4). Indomethacin induces gas-
tric damage through various mechanisms
including increased oxidative stress [13, 48],
suppression of prostaglandin generation, over-
production of leukotrienes [50], and enhanced
neutrophil activity [49]. The gastro protective
effect of MCN against indomethacin induced
ulcers may be attributed to its ability, to scav-
enge free radicals and reduce oxidative stress
[16, 17, 19, 20], decrease pro-inflammatory
cytokines [21], restore the depleted gastric
mucus secretion (Table 2), inhibit enhanced
MPO activity (Table 3) [50, 51], and augmenta-
tion of prostaglandin E2 [52].

The precise mechanism of gastric ulceration is
still not completely understood, but the gastric
mucosal damage induced by ethanol has been
suggested to be multifactorial that includes
enhanced oxidative stress and depletion of
antioxidants [13, 15, 53, 54]. MDA is a marker
for oxidative stress while sulfhydryls form the
first line of defense against free radicals and
help in cytoprotection against noxious stimuli
[55]. A significant increase in the MDA levels
following ethanol administration (Table 3) are
in agreement with earlier studies [6, 13, 15, 42,
53, 56] and suggest a massive release of reac-
tive oxygen species (ROS). The ROS thus
released may increase the MDA levels which in
turn may damage the cell membrane [11]. The
release of ROS has also been shown to play a
vital role in ethanol induced gastric mucosal
damage [10, 57]. On the other hand, MCN is a
potent anti-oxidant. The protective effect of
MCN in animal models of neurotrauma and
neurodegenerative diseases has been linked
with decrease of oxidative and nitrosative
stress and an increase in the level of antioxi-
dants [17, 19]. Its antioxidant ability is compa-
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rable to that of a tocopherol, and its water solu-
ble analog Trolox [16] and is ten times more
than that of doxycycline another tetracycline
[51]. These properties are evident in the results
of this study. Treatment of rats with minocycline
resulted in a significant depletion of the etha-
nol induced MDA levels and restoration of the
decreased NP-SH levels of the gastric tissue
(Table 3). Nonprotein sulfhydryls are endoge-
nous anti-oxidants and protect the cells by dif-
ferent mechanisms, primarily by limiting the
production of free radicals [58, 59]. Secondarily,
they protect the mucous by strengthening the
disulfide bridges of its subunits. A decrease in
these bridges reduces the mucus thickness
and makes it more vulnerable to harmful agents
[60]. Changes in the SH levels may be crucial
for ulcer formation, given that they help in the
preservation of mucosal integrity, and their
reduced levels in the gastric mucosa result in
the formation of gastric ulcers [61]. Moreover,
depletion in glutathione levels results in a sig-
nificant increase of ulcerogens induced gastric
mucosal damage [1], while compounds that
augment the mucosal NP-SH levels have gastro
protective effects [13, 14, 39, 40]. Therefore,
the cytoprotective and anti-ulcerogenic effects
of MCN may be ascribed to the direct antioxi-
dant and free radical scavenging activity of
MCN and also to the augmentation of the NP-
SH levels (Table 3).

Besides generation of free radicals, infiltration
of inflammatory cells (neutrophils, macro-
phages) also plays a major role in ethanol
induced gastric ulcers [5]. Accumulation of neu-
trophils may lead to microcirculatory distur-
bances and induce ischemia by occluding
microvessels [62]. Activated neutrophils also
release many injurious factors that include free
radicals, metabolites and proteolytic enzymes
[63-67]. MPO, which is expressed in neutro-
phils, is considered as a reliable indicator for
neutrophil infiltration and inflammation in the
gastric mucosa [7, 9, 13-15]. We observed a
significant increase in gastric mucosal MPO
activity after treatment with ethanol indicating
an increase in the infiltration of activated neu-
trophils. On the other hand, treatment with
MCN had a highly attenuating effect on the
ethanol induced increase in MPO activity (Table
3). Minocycline and doxycycline another tetra-
cycline has been shown to significantly
decrease the infiltration of neutrophils and
MPO release and exert cytoprotective effects
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[51, 52]. A decrease in the MPO activity along
with the reduction in the gastric lesions in MCN
pretreated rats suggest that the anti-ulcero-
genic effect of MCN may also be due to its anti-
inflammatory and inhibitory action on neutro-
phil infiltration.

In conclusion, the results of the present study
suggest that MCN has significant gastro protec-
tive effects against both ethanol and indometh-
acin induced gastric ulcers. The protective
effects against ethanol induced gastric ulcers
were associated with reduced gastric secre-
tion, oxidative stress, neutrophil activity and
gastric mucosal breakdown. However further
detailed studies are warranted for the use of
MCN as a therapy for gastric ulcers.
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