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A B S T R A C T

Aims: Memantine is a commonly used drug in treating Alzheimer disease. In the current work, we aimed to
evaluate the gastro-protective effect of memantine in indomethacin-induced peptic ulcer in rats.
Main methods: Peptic ulcer induced by indomethacin and memantine administered either alone or in combi-
nation with glibenclamide or nitric oxide synthase (NOS) inhibitor. Ulcer index done and malondialdehyde
(MDA), superoxide dismutase (SOD), total nitrites, expression of tumor necrosis factor-α (TNF-α) and expression
of nuclear factor kappa B (NF-κB) were measured in gastric mucosa.
Key findings: Memantine reduced ulcer index, reduced MDA, increased SOD, increased total nitrites and reduced
expression of both TNF-α and NF-κB.

Glibenclamide and not NOS inhibitor abolished the gastroprotective effect of memantine.
Significance: Memantine was protective against indomethacin-induced peptic ulcer in rats mostly by affecting
potassium channels, antioxidative stress and anti-inflammatory actions.

1. Introduction

The commonest cause of dementia is Alzheimer's disease (AD)
which accounts for 50%–70% of all cases. AD, which occurs in old age,
is accompanied by impaired cognition manifested by memory and
judgment dysfunction together with increased morbidity, mortality,
disability and dependence. Such disease results in a marked reduction
in life quality [1].

On the other hand, arthritis is one of multimorbidity occurs with
increasing age which also included cardiovascular disease (hyperten-
sion, cardiac disease), respiratory diseases, cerebrovascular diseases,
diabetes and cancer [2].

One of the most commonly prescribed drugs in the world is Non-
steroidal anti-inflammatory drugs (NSAIDs). It is used in either treat-
ment or prophylaxis of rheumatoid arthritis, osteoarthritis, collagen
disease, and ischemic cardiovascular or cerebrovascular disease due to
their anti-inflammatory, analgesic, and anti-platelet effects. However,
NSAIDs are well known to increase the risk of peptic ulcer with a 15%
prevalence of gastric ulcer in endoscopic studies [3].

Furthermore, the complication of peptic ulceration is much more
severe in old age with increased risk of in-hospital mortality [4].

Memantine, a noncompetitive N-methyl-D-aspartate (NMDA)

receptor antagonist, was approved in the USA for the treatment of pa-
tients with moderate-to-severe dementia of AD with high efficacy [5].

In the current work, we aimed to evaluate the gastro-protective
effect of memantine in acute gastric ulcer induced by indomethacin in
rats. Furthermore, we aimed to find out the possible mechanism for
such expected gastroprotective effect.

2. Material and methods

2.1. Animals

Male Wistar rats weighing 150–200 g were used throughout the
present study. Rats were purchased from the National Research Center,
Cairo, Egypt. Rats were housed in stainless steel cages offering in-
dividual housing. They were allowed free access to tap water and
normal rats' diet (El-Nile Company, Egypt). All experimental protocols
were approved by the animal care committee of Minia University and
coincide with international guidelines.

2.2. Chemicals

Memantine was purchased from Copad Egypt for trade and
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pharmaceutical industries, Egypt, indomethacin was purchased from
Nile co. for pharmaceuticals, glibenclamide was purchased from Sanofi-
Aventis, Egypt and omega nitro-L-arginine (LNNA) was purchased from
Sigma Aldrich, Germany. All other chemicals were of analytical grade
and were obtained from commercial sources.

2.3. Experimental design

2.3.1. Experimental procedures
Rats were fed a standard diet of commercial rat chow and tap water

and left to accommodate to the environment for at least one week be-
fore the start of the experiments. Rats were fasted for 24 h prior to the
study. All experiments were performed at the same time of the day to
avoid variations due to diurnal rhythms of putative regulators of gastric
functions. Acute gastric ulceration was induced by indomethacin in-
jection.

The animals were randomly divided into 5 experimental groups of
8–10 animals each. Group 1; control group, group 2; received in-
domethacin (40mg/kg; i.p.) [6], group 3; received indomethacin and
memantine (10mg/kg; i.p.) [7], group 4; received indomethacin,
memantine (10mg/kg; i.p.) and glibenclamide (10mg/kg; i.p.) [8] and
group 5; received indomethacin, memantine (10mg/kg; i.p.) and LNNA
(25mg/kg; i.p.) [9].

The stomach was washed with ice-cold saline and scored for mac-
roscopic gross mucosal lesions and stored at −80 °C until used for as-
sessment of gastric mucosal cells content of malondialdehyde (MDA),
superoxide dismutase (SOD), total nitrites and expression of both tumor
necrosis factor-α (TNF-α) and nuclear factor-kappa B (NF-κB).

2.3.2. Assessment of gastric mucosal lesions
Gastric mucosal lesions were expressed in terms of the ulcer index

(U.I.). The severity factor is graded as follows; 0 for no lesions; 1 for
petechae; 2 for erosions< 1mm; 3 for erosions of 1–2mm; 4 for ero-
sions of 2–4mm and 5 for erosions> 4mm in length. The partial scores
were then summated to obtain the ulcer index of the animal examined.
The U.I. for each group was taken as the mean lesion score of all the rats
in that group [10].

2.4. Preparation of tissue homogenates and measurements

Gastric mucosa was scraped and homogenized separately in po-
tassium phosphate buffer 10mM pH (7.4). The homogenates were
centrifuged at 5000 rpm for 10min at 4 °C. The resulting supernatant
was used for determination of MDA level, total nitrites and SOD.

Malondialdehyde, a measure of lipid peroxidation, was evaluated by
a method that depends on the reaction between MDA with thiobarbi-
turic and the color developed was measured spectrophotometrically at
535 nm against a blank. Standard curve by 1,1,3,3-tetra-
methoxypropane was prepared. From this curve, the MDA concentra-
tion was expressed as nmol/g protein [11].

Gastric mucosal total nitrites, the stable oxidation end products of
nitric oxide, served as an index of nitric oxide level and were measured
by reduction of nitrate into nitrite using activated cadmium granules,
followed by color development with Griess reagent in acidic medium
[12].

Activity of SOD activity was measured by method of Marklund and
Marklund [13] with a slight modification. This method is based on
inhibition of the autoxidation of pyrogallol by SOD. The percentage of
inhibition for the samples was calculated by the aid of running a control
with no sample under the same conditions. SOD enzyme activity was
expressed as U/mg protein, where one unit was defined as the amount
of the enzyme that inhibited the rate of pyrogallol autoxidation by 50%.

2.5. Real time-PCR analysis

Gene expression of TNF-α and NF-κB in gastric mucosa cells were

assessed using q RT-PCR technique. 100mg frozen gastric mucosa was
weighed and homogenized in 1ml Trizol reagent (Invitrogen, USA).
After incubating for 5–10min at 25 °c, 0.2 ml chloroform was added to
the homogenate and the mixture was shaken vigorously for 15 s, fol-
lowed by 3min incubation. Then the mixture was centrifuged at 4 °C,
10,000 g for 5min. The upper layer of the mixture was obtained and
0.5 ml isopropanol was added into it. Next, the samples were cen-
trifuged at 4 °C, 10,000g for 10min. Supernatant was removed and the
pellet was washed and suspended with 1ml 75% ethanol.

Suspended pellet was centrifuged for 5min at 4 °C, 7000 g. Majority
of ethanol was removed and the remaining was air-dried. Completely
dried pellet was dissolved and collected in 50 μl RNase free water.
Quantity and quality of the extracted RNA were assessed by spectro-
metry. The concentrations and purity of RNA were determined by
measuring the absorbance A260/A280. q RT-PCR for quantitative as-
sessment of mRNA expression was performed on (Applied Biosyst 7500
fast, Techne (Cambridge) LTD., UK). RNA extract was reverse tran-
scribed and q RT-PCR was performed according to manufacture in-
structions (Thermo Scientific one step kits plus ROX Vial, code no AB-
4104/A).

The primer sequences were as following: GAPDH (internal control):
Forward primer 5′-CCT GCC AAG TAT GAT GAC ATC AAG A-3′,
Reverse primer 5′-GTA GCC CAG GAT GCC CTT TAG T-3′; NF-κB:
Forward primer 5′-TGC TGT GCG GCT CTG CTT CC-3′, Reverse primer
5′-AGG CTG GGG TCT GCG TAG GG-3′ TNF-α: Forward primer 5′-CAG
AGG GAA GAG TTC CCC AG -3′, Reverse primer 5′-CCT TGG TCT GGT
AGG AGA CG-3′. All primers obtained from Eurofins Genomics, Europe.
Real time polymerase chain reaction (RT- PCR) was performed with
0.2 μg RNA per reaction using 20 μL of SYBER Green qPCR mix con-
taining 10 pM of specific primer in the REAL TIME PCR DETECTION
SYSTEM. The SYBER Green data were analyzed with a relative quan-
tification to GAPDH as reference gene.

The relative expression level of the gene calculated using formula
2−ΔΔCt [14]. They were scaled relative to controls. The results for all
experimental samples were graphed as relative expression compared
with the control.

The reactions were as follows: reverse transcription step 42 °C for
15min followed by an initial inactivation step at 95 °C for 10min. The
obtained cDNA was subjected to 35 cycles (15 s at 95 °C for denatura-
tion followed by 60 s at 60 °C for annealing and extension). The level of
expression of each target gene was normalized relative to the expres-
sion of GAPDH mRNA in that sample using ΔCT. relative differences in
gene expression among groups were determined using comparative
ΔΔCT method and fold expression was calculated 2−ΔΔCT, where ΔΔCT

represents ΔCT values normalized relative to the mean ΔCT of control
sample.

2.6. Statistical analysis

Results were expressed as mean ± standard error (SE). Differences
among groups were statistically analyzed by one-way analysis of var-
iance (ANOVA), followed by Tukey's HSD post hoc test for multiple
comparisons. For all tests, probability (p) was considered: Non-sig-
nificant if P value≥ 0.05, Significant if P value < 0.05. All data ana-
lyses were performed using Graph Pad Prism7 program.

3. Results

3.1. Effect of memantine and co-administered drugs on ulcer index

In both groups treated either with memantine alone or in combi-
nation with LNNA, there was a significant reduction in ulcer index, as
compared to indomethacin treated group. Meanwhile, co-administra-
tion of glibenclamide with memantine showed ulcer index insignificant
from indomethacin-treated group [Figs. 1A and 2].
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3.2. Effect of memantine and co-administered drugs on malondialdehyde,
total nitrites level and superoxide dismutase in gastric mucosa

Regarding MDA, in both groups treated with memantine alone or in

combination with LNNA; there was a significant reduction, as compared
to indomethacin treated group. In the same previous groups, there was
a significant increase in SOD, as compared to indomethacin-treated
group.
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Fig. 1. Effect of memantine and co-administered drugs on ulcer index (A), malondialdehyde (B), total nitrites (C) and superoxide dismutase (D).
Results represent the mean ± SE (n=8–10), asignificant difference from control group, bsignificant difference from IND group, csignificant difference from M
group. [IND; indomethacin, M; memantine, G; glibenclamide and LNNA; omega nitro-L-arginine]. Significance is at P < 0.05.

Fig. 2. The representative gross appearance of stomach with gastric mucosal lesions in IND group (A), M group (B), MG group (C) and MLNNA group (D). [IND;
indomethacin, M; memantine, G; glibenclamide and LNNA; omega nitro-L-arginine].
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At the same time, significant increase in total nitrites level in group
treated with memantine, however, no change was noticed in group
treated with memantine combined with LNNA, as compared to in-
domethacin treated group.

Surprisingly, co-administration of glibenclamide with memantine
showed MDA level, SOD and total nitrites level insignificant from in-
domethacin-treated group and significant from memantine treated
group [Fig. 1B, C and D].

3.3. Effect of memantine and co-administered drugs on gene expression of
tumor necrosis factor-α and nuclear factor-kappa B

In both groups treated, either with memantine alone or in combi-
nation with LNNA, there was a significant reduction in gene expression
of TNF-α and NF-κB, as compared to indomethacin treated group.
Meanwhile, co-administration of glibenclamide with memantine
showed gene expression of TNF-α and NF-κB insignificant from in-
domethacin-treated group [Fig. 3].

4. Discussion

Peptic ulcer may be induced by one of the most commonly pre-
scribed drugs in the world; NSAIDs. Indomethacin traditional non-
selective cyclooxygenase inhibitor with potent antipyretic, analgesic,
and anti-inflammatory activity has been effectively used in the man-
agement of mild-to-moderate pain for> 50 years. It is commonly pre-
scribed for the relief of acute gouty arthritis pain, but has demonstrated
efficacy in the treatment of various other painful conditions, which
increased with old age [15]. At the same time, memantine, one of the
commonly used drugs in treatment Alzheimer disease, which usually
occurs in old age [1].

The most common proposed mechanism for the ulcerogenic effect of
indomethacin is the inhibition of the gastric cytoprotective mediators,
prostaglandins, particularly due to the inhibition of COX pathway of
arachidonic acid metabolism resulting in excessive production of leu-
kotrienes and other products of 5-lipoxygenase pathway. The suppres-
sion of prostaglandins synthesis by NSAIDs results in increased sus-
ceptibility to mucosal injury and gastroduodenal ulceration, as well as,
suppression of prostaglandins leads to reduction in the mucosal

resistance and induction of oxidative stress and inflammatory status
[16–18,and].

The results of this study indicate that memantine displays an anti-
ulcer effect; it significantly reduced indomethacin-induced gastric ulcer
index. Memantine antagonized oxidative stress induced by in-
domethacin, which evidenced by significant reduction in MDA level
together with significant increase in SOD and total nitrites in gastric
mucosa. This finding is in agreement with previous studies, which re-
ported the anti-oxidative stress action of memantine in different models
of cell injury [19,20].

Regarding anti-inflammatory effect, memantine antagonized in-
flammation induced by indomethacin evidenced by reduction in TNF-α
and NF-κB expression. Similarly, It was reported that memantine exerts
anti-inflammatory action in neurodegenerative conditions by reducing
many inflammatory mediators including many cytokines [21,22]. It
was also reported the anti-inflammatory action of memantine in colon
ulcerations evidenced by reduction in TNF-α and interleukins [23]. At
the same time, previous study reported that memantine has protective
effect against cell damage and neurodegeneration through anti-in-
flammatory actions [24].

Surprisingly, co-administration of glibenclamide, potassium channel
blocker, with memantine abolished the gastroprotective effect of
memantine, which shown by significant increase in ulcer index. This
effect explained by ameliorating the anti-oxidative stress and anti-in-
flammatory actions of memantine shown by increase in MDA together
with reduction in SOD and increase in both TNF-α and NF-κB expres-
sion in gastric mucosa. This finding opens a gate for explaining the
gastroprotective effect of memantine by activating potassium channels.

There is a correlation between K+ channels and gastric acid secre-
tion by “No Potassium, No Acid” [25]. This finding is supported with
the finding that GI ulceration is intermittently reported in these patients
with the use of K+ supplements [26]. Furthermore, it was reported that
K+ channels are regulated by NSAIDs and the mechanism of GI ul-
ceration by NSAIDs may be through a direct cytotoxic effect on mucosal
cell causing injury and damage and that NSAIDs stimulate K+ efflux
and increase the permeability of cell membrane [27,28].

Another finding support the role of Some of these NSAIDs have been
also identified as openers of ATP-sensitive K+ (K+

ATP) channels, mem-
bers of the Kir family, which participate in the antinociception in both
the central and the peripheral nervous system [29]. Running in the
same stream, celecoxib, a selective inhibitor of COX-2, which is well
known to have no effect on mucoprotective PG synthesis, inhibits many
voltage-gated ion channels including KCNQ1 (Kv7.1) that are reg-
ulatory channels of gastric acid secretion. So that, it might be the
changes in the potassium channel in GI epithelial cells increase mem-
brane permeability, which induces mucosal barrier defects and initiates
ulceration [30].

The previous mechanism supported by the gastroprotective effect of
nicorandil and diazoxide, which possess K+

ATP channel activating prop-
erty and showed anti-oxidative stress and anti-inflammatory actions
[31–33,and]. All this information elaborates that altered potassium
channel and development of ulceration in GI tract are closely related.

At the same time, LNNA, NOS inhibitor, co-administration with
memantine did not abolished the gastroprotective effect of memantine
evidenced by the significant reduction in ulcer index. Neither anti-
oxidant action nor anti-inflammatory action of memantine was affected
with LNNA co-administration, which was shown by the persistence of
reduction in MDA, increase in SOD levels, reduction of TNF-α and NF-
κB in gastric mucosa occurred with memantine monotherapy. These
findings exclude the role of nitric oxide in the gastroprotective effect of
memantine in the current study.

Although previous studies reported that NO activates guanylyl cy-
clase to increase cyclic guanosine monophosphate (cGMP) levels and
subsequently activates the ATP sensitive potassium channels (K+ATP)
and that the activation of this NO/cGMP/K+ATP pathway leads to
gastroprotection [34], in the current work such link was not shown.
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Fig. 3. Effect of memantine and co-administered drugs on gene expression of
tumor necrosis factor-α and nuclear factor-Kappa B in gastric mucosa.
Results represent the mean ± SE (n=8–10), asignificant difference from
control group, bsignificant difference from IND group, csignificant difference
from M group. [IND; indomethacin, M; memantine, G; glibenclamide and
LNNA; omega nitro-L-arginine]. Significance is at p < 0.05.
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However, in agreement with the current study, it was reported that
the gastroprotective of alpha-bisabolol was not affected when pre-
treated with NOS inhibitor and at the same time, the alpha-bisabolol
effect was significantly reduced in rats pretreated with glibenclamide
[35]. Similarly, menthol was reported to exert gastroprotective effect,
which was mediated by potassium channel activation without in-
creasing nitric oxide, which excludes the role of nitric oxide in acti-
vating potassium channel in such gastroprotective effect of menthol
[36]. Furthermore, the current results are supported by the finding that
in some conditions the increase in potassium channels activity may be
unlinked to nitric oxide and that potassium channels are not exclusively
activated by nitric oxide as it may affected by prostaglandins [37].

In conclusion, memantine has a gastroprotective effect through
antagonizing oxidative stress and inflammation induced by in-
domethacin in rats. Co-administration of potassium channel blocker
abolished this gastroprotective effects, so that, a possible role for po-
tassium channel is suggested.
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