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Abstract
This study was planned to look for a more rational mechanism(s) that could explain the anti-ulcer activity of copper nicotinate complex, since
the mechanism whereby it prevents ulceration still to be investigated. Ulcer and the preventive indexes were scored, mucin, juice volume, total
acidity, luminal haemoglobin, total peroxide and total antioxidant as an oxidative stress index (OSI), as well as total DNA fragmentation (as an
apoptotic marker) and its percentage ratio in the juice were evaluated. Results confirmed the antisecretory ability of copper nicotinate, as
reflected from the significant reduction of gastric juice volume and acid output. Data confirmed also copper nicotinate has a gastrocytoprotective
action against ulcer pathogenesis through; enhancement of mucin secretion, reduction each of ulcer index and the mucosal bleeding rate into the
gastric lumen; antioxidant activity through scavenging reactive oxygen species (ROS); anti-apoptotic activity through attenuation of the DNA
fragmentation in the ulcerous treated group when compared with each of control and aspirin ulcerous untreated groups. This study hypothesized;
at least in part, aspirin in the acidic environment of gastric juice become un-ionized and freely penetrate the mucosal barrier reaching to gastric
wall. Due to the weak basic nature of cytoplasm of gastric mucosal cells, it accumulates in high concentrations into mucosal cells, and yields
a negatively charged anion that is unable to exit the cell. Thus, superficial or deeper erosions are produced and bleeding takes place, within
minutes.
� 2008 Published by Elsevier Masson SAS.
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1. Introduction

Gastric ulcer is a deep lesion penetrating through the entire
thickness of the gastrointestinal mucosa and muscularis
mucosa. Pharmacological control of gastric acid secretion is
the most desired goal for gastro-cytoprotection particularly
the Hþ/Kþ-ATPase (acid proton pump) inhibitors [1,2]. Never-
theless, several studies have indicated that long-term inhibition
of gastric acid secretion increases circulating gastrin levels and
this, in turn, results in mucosal hyperplasia and carcinoid
tumor development [3]. Therefore, several copper complexes
were synthesized and investigated as promising alternative
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anti-ulcer therapy since they may be formed naturally in the
body whenever appropriate proportions of copper and the or-
ganic ligands were established in the intestinal milieu. The
anti-inflammatory action of copper complexes is an important
activity of their anti-ulcer effect achieved by their intermedi-
ary role as a transport form of copper that allow activation
of the several copper-dependent enzymes [4e6]. Dietary cop-
per has a direct influence on the functional activity of lysyl
oxidase responsible for the formation of lysine-derived
cross-links in connective tissue collagen and elastin that is
also essential for providing resistance to elastolysis and colla-
genolysis by non-specific proteinases [7]. Copper affect en-
zymes activity both as a cofactor and as a prosthetic
component of several cuproenzymes controlling oxidation-re-
duction reactions including; cytochrome-c oxidase, superoxide
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dismutase [8]. Copper complexes with vitamins or amino
acids as gastric cytoprotective agents were scarcely investi-
gated in previous reports. Sorenson pioneered the research
on the anti-ulcer activity of copper complexes including the
copper nicotinate [4e6]. Subsequently, a study by el-Saadani
et al. [9] confirmed such activity for copper nicotinate
{Cu(I)-(nicotinic acid)2Cl, [CuCl (HNA)2]} and copper-
glycinate complex {Cu(II)(glycinate)2. [Cu (II)(Gly)2]} in
Shay rats. Both of them very efficiently reduced the ulcer
index and severity, although through different mechanisms
of action at the PGE2 and TXA2 levels. Consistent with this
argument its meaningful to speculate that the appropriate
copper balance plays an essential role for the natural resistance
of the stomach mucosa and ranitidine, in conditions of acute
copper deficiency, makes deeper the disturbances produced
by stress [10].

Aspirin, which is the most popular and effective agent for
relief pain, and reduce the risk of recurrent ischemic attack,
and also used in case of fever, rheumatic diseases, headache,
and common cold and influenza. It has been widely reported
as one of the major popular NSAIDs and ulcerogenic agent
causing hemorrhage and accelerate rate of lesions formation
in the stomach wall. Patients requiring low-dose aspirin along
with non-steroidal anti-inflammatory drugs are at increased
risk for gastrointestinal injury [11]. It is also shown to inhibit
gastric mucosal cyclo-oxygenase production of prostacyclins
and prostaglandins, known to be the potent vasodilators in-
volved in the local regulation of microcirculation. Inhibition
of prostaglandins, in fact, result in the production of areas of
generalized ischaemia within the gastric mucosa, which are
then attacked by pepsin or acid, leading to tissue necrosis
and erosion formation [12]. This study hypothesized apopto-
sis, which is the active physiological programmed cell death
as the major action of cell death in gastric ulcer rather than
necrosis particularly in the present model. Apoptosis investi-
gation requires specific parameters including the intra-nucleo-
somal DNA fragmentation as a gold-standard marker for
apoptosis. Since, gastric DNA content was previously consid-
ered an indicator for the extent of gastric ulceration as a marker
for sloughing of epithelial cells into juice [13,14]. The central
question remains whether cellular death in gastric ulcer dis-
ease occurs via apoptosis or necrosis?. To address this ques-
tion, total fragmented DNA content in the gastric juice was
measured.

The present study chose to investigate oxidative stress rather
than measurement of individual effectors and/or end markers
of, e.g., lipid peroxidation. The later is inappropriately and
repeatedly used as a damage marker despite is possible impli-
cation in production of cytoprotective PGE2. Furthermore lipid
peroxidation cannot be used as a universal criterion of oxida-
tive stress [15]. Therefore, it was planned to measure total
peroxide content vs. total antioxidant to calculate oxidative
stress index. The increase in total peroxide content is a potential
destructive indicator to gastric mucosa and the body at large.
Small amounts of potentially toxic reactive oxygen species
(ROS) could be generated in eukaryotic cells by normal
oxidase action and during the course of electron transport in
mitochondria or endoplasmic reticulum. Electron ‘‘leaks’’ in
the transport pathways can give rise to superoxide radical
(O2
�), which may be reduced into H2O2. Superoxide per se

can also oxidize biological substrates, but is rather selective
in this. For example, O2

� readily oxidizes iron-sulfur clusters
and inactivates proteins bearing these groups, but unlike its
conjugate acid, hydroperoxyl radical (HOO�), cannot trigger
lipid peroxidation by abstracting allylic hydrogens. However,
O2
� reacts extremely rapidly with another naturally occurring

(and also poorly oxidizing) radical, nitric oxide (NO�), to
give peroxynitrite (ONOO�)/peroxynitrous acid (ONOOH),
a strong general oxidant and nitrating agent. A variety of cells,
including neutrophils, macrophages, neurons, and endothelial
cells can produce both O2

� and NO� through the respective
actions of various oxidases and nitric oxide synthases.

2. Materials and methods
2.1. Synthesis of copper nicotinate complex
The Copper (I)-Cl-(nicotinic acid)2 complex was prepared
as described by Goher [16], briefly, nicotinic acid (1.45 gm)
was dissolved in 50 ml ethanolic solution of CuCl2-2H2O
(0.85 gm, 40 ml). Afterwards, excess L-(þ)-ascorbic acid was
added to the previous mixture. The mixture was boiled until
a clear orange-red solution was obtained, and the complex
was separated as bright red needle crystals. These crystals
were filtered off, washed with ethanol and dried under vacuum.
2.2. Animal and treatments
Wister Albino male rat weighing 200e250 gm were used.
Animals were divided into three groups consisting each of
ten animals each. Animals in all groups were feed fasted
and provide water only for 2 days, in the third day animals
were water fasted for a further 24 h followed by surgery oper-
ation. Under Ketamine/Diazepam light general anesthesia, the
pylorus was ligated, and the animals assigned as fellow; group
one served as stander ulcerative control; the pylorus was
ligated [17] and only vehicle was administered. In the rest
two groups pylorus were ligated using the same model and
aspirin dose was administered by oral gavage at the dose of
400 mg/kg (100 mg/ml in 0.1% v/v Tween 80). Group tow
served as aspirin ulcerative control group. Group three was
served as copper nicotinate-treated aspirin ulcerated group.
Copper nicotinate was intragastrically installed at 5 mg/kg
body weight dissolved in 0.25% Tween-80 in saline solution
(v/v). The rats were killed after 19 h, by decapitation. Since,
aspirin produced a consistent degree of gastric lesions 6 h after
the dosing [18].
2.3. Sample collections

2.3.1. Plasma
Blood samples were collected on EDTA (5 mg/mL) by

bleeding through the jugular vein into pyrogen-free polypro-
pylene tubes, samples were mixed and centrifuged for
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10 min at 5000 rpm at 4 �C, and were 250 mL-aliquotted into
Eppindorff’s tubes and stored at �40 �C till used to avoid
repeated freeze-thaw cycles in different assays.

2.3.2. Juice
After collection of blood, the animal was decapitated and

the abdomen was opened. The stomach was opened along its
greater curvature. The gastric content was collected in a grad-
uated centrifuge tube. The total volume was recorded and then
the juice thorough mixed and 0.5 mL aliquot was separated for
total DNA assay and the rest of the juice was cleared of its
coarse content by centrifugation at 5000 rpm for 10 min at
4 �C. A total of 250 mL aliquots of the supernatant clear juice
were allocated into Eppindorff’s tubes and frozen at �40 �C
till used.
2.4. Measurements

2.4.1. Determination of gastric acidity and luminal pH
value

Gastric juice samples were back titrated against 0.01 M
NaOH using phenolphthalein indicator (1% in absolute etha-
nol) to the faint pink colored end point. The total acidity
expressed as milliequivalents per liter (mEq/L) was calculated
using the following equation. Total acidity (mEq/L). pH value
was determined by pH-meter (HANNA instruments PH 211).

2.4.2. Determination of mucosal lesions
The mucosal surface was washed with cold saline solution

(0.9 gm% NaCl). The mucosal ulcerations restricted to the
fundic area were rapidly scored. The number of lesion bands
of more than 4 mm length was multiplied by the severity
factor 2; while lesions of less than 2 mm length had severity
factor 1. The ulcer index was calculated as the total number
of lesions multiplied by the corresponding severity factor.

2.4.3. Evaluation of gastric mucosal hemorrhage
Luminal hemoglobin of the gastric juice was measured col-

orometrically using commercial available kit.

2.4.4. Determination of the total peroxide concentration in
the juice and plasma

Total peroxides were evaluated according to method de-
scribed by Harma and Erel [19]. A total of 9.8 mg ammonium
ferrous sulphate was dissolved in 10 mL 250 mM H2SO2. This
solution is added to 90 mL HPLC-grade absolute methanol
containing 79.2 mg butylated hydroxytoluene. Xylenol orange
(7.6 mg) is dissolved in the solution by stirring. Blank reagent
is prepared similarly with omission of the ammonium ferrous
sulphate. Standard H2O2: 10 mL of 30% stock reagent is diluted
in 250 mL of 5 mM PBS, pH 7.4, to get 250 mM that is 1:1
serially diluted in the buffer to get: 125, 62.5, 31.25, 15.625
and 7.8125 mM. Prepare fresh each time. Briefly, 50 mL sample
was added to 450 mL reagent and blank reagent in separate Ep-
pindorff’s tubes, mixed will and incubated at room temperature
for 30 min, centrifuged at 5000 rpm for 3 min, and 250 mL of
the supernatant was transferred into wells of microplate and
OD of the formed purple chromophore was recorded at
560 nm against reagent blank-treated samples. Standards are
treated similarly without a blank reagent treatment.

2.4.5. Determination of the total antioxidants in the juice
and plasma

Total antioxidants were measured as a method described by
Erel [20]. Briefly, 0.384 g of 2,200-azino-bis(3-ethylbenz-thia-
zoline-6-sulfonic acid) (ABTS) was dissolved in 100 mL
deionized water to make a concentration of 7 mM. ABTS rad-
ical cation (ABTSþ) was produced by reacting ABTS stock
solution with 2.45 mM potassium persulfate (final concentra-
tion) and allowing the mixture to stand in the dark at room
temperature for 12e16 h before use. Working Chromogen:
the stock solution was diluted with phosphate buffered saline
(5 mM, pH 7.4) to an absorbance of 1.6 at 415 nm after 1/
50 dilution. Briefly, 1.0 ml of diluted ABTSþ was added to
10 ml of sample or standard or H2O blank, mixed, and the
decrease in absorbance was recorded 6 min later at 415 nm.
Decolonization and decrease of OD is linear with the increas-
ing concentrations of Trolox (6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid) as a standard. Oxidative stress
index: is the percentage ratio of total peroxide per total antiox-
idant �100.

2.4.6. Determination of the total and fragmented DNA in the
gastric juice content

DNA luminal content was measured colorimetrically ac-
cording to method described by Kurita-Ochiai et al. [21].
Hydrolysis of DNA leads to released of free deoxyribose
that is colorimetrically measured after reaction with the diphe-
nylamine reagent producing purple chromogen proportional to
its concentration. Briefly, whole juice samples were centri-
fuged at 5000 rpm for 10 min to precipitate damaged and
intact cells as a pellet from the supernatant containing frag-
mented DNA in gastric juice. Ice-cold trichloroacetic acid
(TCA, 25% in H2O2) was added to supernatant (1,1, v/v) to
precipitate proteins and lipids and was centrifuged and the
supernatant was recovered for assaying fragmented DNA.
The pellet was resuspended in 0.5 mL warm TCA (40 �C),
mixed and incubated for 10 min to hydrolyze intact DNA
and was centrifuge to remove precipitate and supernatant
was used for assay of deoxyribose released from intact
DNA. Briefly, 300 mL diphenylamine reagent þ150 mL super-
natants/standard deoxyribose (0.0e3.2 mg/L)/or redistilled
water blank were boiled for 10 min and cold on ice. The
blue color developed was measured at OD600 nm against
reagent blank and the samples’ DNA content was calculated
from the standard curve. Contents in pellet and supernatant
of each sample were added to get total DNA content. % Frag-
mented DNA was calculated by dividing supernatant content
by the total content and multiplying by 100.
2.5. Statistical analysis
The data were expressed as Mean � SEM. Results were
analyzed statistically using column statistics and one way
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ANOVA with NewmaneKeuls Multiple Comparison Test as
a post test using the computer statistics Prism 3.0 package
(GraphPad Software, Inc, San Diego, CA, USA). The mini-
mum level of statistical significance was set at P < 0.05.
3. Results

As shown in Fig. 1: aspirin was significantly increased ul-
cer index from 48.40 � 2.668 obtained in the control group to
81.80 � 2.384 n/animal. There is a significant increase ulcer
index between aspirin group and control group (P < 0.001).
In contrast, the copper nicotinate complex treatment caused
significant reduction in the index of gastric lesions into
4.900 � 0.6227 n/animal (panel A). Subsequently treatment
with copper nicotinate complex was significantly augmented
preventive index from 89.51 � 1.445% when compared to
control group, and to 93.84 � 0.9117% when compared to
aspirin group (panel B).

As shown in Fig. 2: copper nicotinate appears prominent
antisecretory activity through the significant reduction in the
total acidity from 33.07 � 1.624 in control and 34.95 � 2.171
in aspirin to 6.355 � 0.6273 mEq/L, respectively, (panel A).
As well as treatment with copper nicotinate was significantly
increased the pH value from 2.897 � 0.01613 in control and
2.905 � 0.01493 in aspirin group to 6.179 � 0.06722 (panel B).

Mucosal bleeding rate was significantly increased from
0.8569 � 0.02191 in control group and 1.309 � 0.03169 in as-
pirin to 0.4755 � 0.01852 g/dl, respectively, with a significant
increase between aspirin group and control group (P < 0.001)
(panel C). The Gastric juice volume of gastric secretion was
significantly increased from 11.88 � 0.4522 in control to
15.50 � 0.3416 in aspirin, and it was significantly decreased
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Fig. 1. Ulcer index (panel A) and preventive index (panel B), scored the fundic

region of the stomach in rats subjected to pylorus ligature (shay rat) and aspi-

rin. When compared to C. Nicotinate (5 mg/kg) treatment. The data were ex-

pressed as mean � SEM (n ¼ 10). Results were analyzed statistically using

column statistics and one way ANOVA with NewmaneKeuls Multiple Com-

parison test as a post test. The minimum level of statistical significance was

set at P < 0.05.
in copper nicotinate treated group into 3.150 � 0.2082 ml, re-
spectively (panel D).

In Aspirin group: data revealed that the gastric juice mucin
content was significantly decreased from 14.41 � 0.3507 in
the control to 12.40 � 0.4832 mg/dL, respectively. In contrast,
the total mucin content was significantly increased in case of
treatment with copper nicotinate that caused a significant
increase reached to 19.80 � 0.8780 mg/dL (Fig. 3).

Aspirin was significantly increased juice total peroxide
level from 86.62 � 2.937 in control to 134.1 � 4.303. The
same in plasma, total peroxide content was significantly in-
creased from 34.12 � 2.009 in control to 48.93 � 3.017 mM/
L, respectively, with a significant difference between aspirin
and control (P < 0.001). In contrast, copper nicotinate caused
a significant reduction (P < 0.01 vs. control and P < 0.001 vs.
aspirin) in the total peroxide content into 29.98 � 2.313 and
25.08 � 0.8560 mM/L, in the gastric juice plasma, respectively
(Fig. 4). OF note, the modest increase in plasma total peroxide
content seemly undetectable compared with the massive
increase of it in the gastric juice, which may indicate that,
the stress-induced biological changes in the present model
were confined mainly to the stomach.

Surprisingly, total antioxidant activity was increased in the
gastric juice from 0.1416 � 0.009544 to 0.1941 � 0.01284;
the same in serum TAO was 0.7959 � 0.009544 and
0.8243 � 0.02821 mM/L, respectively, with significant in-
crease between aspirin group and control group (P < 0.001).
Nevertheless, Copper nicotinate caused highly significant
increase (P < 0.001) in gastric juice TAO reached to
0.6034 � 0.03137 and 1.668 � 0.04784 mM/L in the gastric
juice and plasma, respectively (Fig. 5). All of these events con-
firmed again a potential local gastric burden of the present
model as for the total plasma peroxides, plasma TAO changes
were modest compared to the gastric juice content.

Taken together total peroxide and antioxidant activity, the
oxidative stress index was significantly increased from
110.6 � 4.220, 4.419 � 0.4743 in control group to
133.7 � 3.527, 5.880 � 0.5160 mM/L in aspirin group, in
both of the gastric juice and plasma, respectively, with signifi-
cant increase in the juice OSI in control group and aspirin group
(P < 0.001). In contrast Copper nicotinate caused the significant
(P < 0.001) decrease in OSI reached to 5.830 � 0.6854 mM/L
in the juice and 2.081 � 0.1996 mM/L in the serum (Fig. 6).
This confirms the notion that the model is a local gastric afflic-
tion rather than a generalized body change.

As shown in Fig. 7: About one quarter of the juice, DNA is
fragmented 28.81 � 1.296% in the control (original ulcerous)
group, and about a half of the juice DNA is fragmented
53.12 � 1.937% in aspirin group. However, the copper nicoti-
nate treatment caused a prominent significant reduction
(P < 0.001) in the % fragmented DNA in the juice reaching
10.02 � 1.160.

4. Discussion

Mucin acts as a barrier against the destructive effect of
gastric acid, even a very brief discontinuation has happened
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Fig. 2. The inhabitable effect of C. Nicotinate (5 mg/kg) on total acidity (panel A), pH (panel B) mucosal bleeding rate (panel C), and gastric juice volume (panel
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in this barrier it will reflect directly on the mucosal health
leading to ulcer formation. Mucin is fundamental with
HCO3 to create a pH gradient from the low pH gastric lumen
(pH 2) to the neutral pH at mucosa cell surface (pH 6.8e7)
[22]. Herein this study, mucin secretion was significantly aug-
mented in treated group, and this reflects on the mucosal
health. Since, mucin provides cellular protection to the gastric
epithelium against the destructive ulcerogenic effectors partic-
ularly gastric acid, as reflected from the ulcer index amongst
different groups. Of note, the breaking of the ‘mucoid barrier’
permitted the back-diffusion of acid into the mucosa, which
eventually led to the rupture of mucosal blood vessels [23].
Herein this study, ulcer index was significantly increased in
the control and aspirin ulcerated untreated groups compared
to the copper nicotinate ulcerated treated group. Thus it will
be meaningful to speculate that, if the epithelial layer is naked
from its mucoid cape this makes it more susceptible to attack
by acid. Since, the basement membrane can be damage by
acid, leading to an inhibition of restitution and induced and
progression of apoptosis to deeper layers of the mucosa. The
increased of mucosal lesion index and mucosal bleeding rate
were more prominently augmented in aspirin group rather
than ulcer index of the control ulcerative untreated group
itself, which reflecting the stringent ulcerogenetic effect of
aspirin. Of note, the levels of the total acidy, pH gastric juice
and juice volume were significantly augmented in control and
aspirin ulcerated untreated groups compared to their levels in
treated group. And this subsequently reflects the antisecretory
abilities of copper nicotinate treatment through the reduction
of acid secretion and enhancement the secretion of mucus.

On the other hand, peroxide anions have a potential de-
structive effect whether at the cellular level via their ability
to mediate cell organelles damage, or at nuclosomal level
through the induction of the DNA breakage, which in turn
leads to cell death by apoptosis. In fact, the destructive effect
of superoxide anions is not come from themselves only but
also it comes from their descent, e.g. lipid peroxidation.
Herein this study the level of total peroxides was significantly
reduced in treated group compared to their level in the control
and aspirin untreated groups. Furthermore, changes of total
peroxides at the stomach level were more prominent compared
to their levels in plasma, reflecting a rather local problem
restricted to the stomach region. Data shown that copper nic-
otinate pretreatment was gastroprotective by preventing the
decline in the activity of antioxidants whereby fighting each
of peroxide elevation and subsequently lipid peroxidation.
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The blocked in peroxide level by the antioxidant activity of
copper nicotinate highlighted its role as a potent antioxidant.
Since copper nicotinate affect enzymes activity both as a cofac-
tor and as a prosthetic component of several cuproenzymes
controlling oxidation-reduction reactions including particu-
larly copper-zinc SOD enzyme (CueZn SOD). But what
events have happened to make aspirin untreated more worst
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and drastic than even untreated original ulcer model ‘‘Shay
model’’?. To address this question, it is very important to
bear that, aspirin treatment substantially decreases the gastric
mucosal Cu,Zn-superoxide dismutase, Cu,Zn-SOD activity
and PGE2 biosynthesis and increases the free-radical load in
the gastric mucosa [24,25] leading to focal ischaemic areas
and erosions [12]. Ulcer recurrence and poor healing may
be critically important to the development of serious
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Fig. 6. Oxidative stress index in the gastric juice and plasma, respectively,

measured in rats subjected to pylorus ligature (shay rat) and aspirin. When

compared to C. Nicotinate (5 mg/kg) treatment, measured in rats subjected

to pylorus ligature (shay rat). The data were expressed as mean � SEM

(n ¼ 10). Results were analyzed statistically using column statistics and one

way ANOVA with NewmaneKeuls Multiple Comparison test as a post test.

The minimum level of statistical significance was set at P < 0.05.



Con
tro

l

Asp
irin

C.N
ico

tin
ate

0

25

50

75

%
 
F

r
a
g

m
e
n

t
e
d

 
D

N
A

Fig. 7. DNA fragmented percent, measured in rats subjected to pylorus ligature

(shay rat) and aspirin. When compared to C. Nicotinate (5 mg kg) treatment.

The data were expressed as mean � SEM (n ¼ 10). Results were analyzed sta-

tistically using column statistics and one way ANOVA with NewmaneKeuls

Multiple Comparison test as a post test. The minimum level of statistical sig-

nificance was set at P < 0.05.
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gastrointestinal complications in patients with long-term non-
steroid anti-inflammatory drugs (NSAIDs) [26].

There is several previous reports utilized gastric juice total
DNA content as a marker for the extent of cellular death in
ulceration models [27e30]. There is several indications sup-
port the notion that cell death in gastric ulcer is occurred by
apoptosis not by necrosis. Fore instance, the increased level
of DNA fragmentation, that is used to identify apoptotic cells,
and the presence of which in the gastric juice is a stringent
morphological criterion for the evidence of apoptosis. Taken
together with our results, all of these events allow us to suggest
that apoptosis is the major cell death mechanism at least in
part, in present model. Data revealed increased level of the
fragmented DNA which is logically resulted from the massive
cellular shedding from the mucosa into the gastric lumen. And
this in turn resulted in the augmentation of the fragmented
DNA in untreated rats, whereas fragmented DNA was signifi-
cantly reduced after treatment with copper nicotinate sparing
completely intact fundic mucosa. However, in necrosis the
membrane is the major site of damage and, among other
things, loses its ability to regulate osmotic pressure. Eventu-
ally cell contents are released and elicit inflammatory reac-
tions accompanied with diffuse inflammatory cells and
lymphocytic infiltration.

This study postulated that weak acid NSAIDs like aspirin in
the acidic environment of gastric juice become un-ionized and
freely penetrate the mucosal barrier reaching to gastric wall.
And due to the weak basic nature of cytoplasm of gastric
mucosal cells, they accumulate in high concentrations in mu-
cosal cells, and they yield a Hþ and OH�, the new negatively
charged anion is unable to exit the cell, thus the level of gastric
acidity and peroxide anions were increased. This hypothesis is
agreement with the investigated that aspirin cause topical
irritation and an increase in the back diffusion of Hþ ions as
a part of its mechanism of lesion production [12,24,25].
4.1. Conclusion
Copper nicotinic acid complex (copper nicotinate) has a po-
tential anti-ulcerogenic activity against aspirin-induced gastric
ulcers in rats. The anti-ulcer effect of copper nicotinate was
exerted by augmentation of mucosal resistance, attenuation
of the increase in total peroxide, acid output and gastric juice
secretion. The complex also increased gastric mucosal mucin
content and attenuated the fragmented DNA thus preventing
apoptosis whereby maintaining an intact DNA. Aspirin
increase risk for gastric mucosal lesions (2 w 3 folds, at least).
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