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Effects of Calcium Dobesilate on
Adrenomedullin, Nitric Oxide and
Superoxide Dismutase Levels in
Experimental Stress Ulcer Formation

Deneysel Stres Ulseri Olusumunda Kalsiyum
Dobesilatin Adrenomediillin, Nitrik Oksit ve
Siiperoksit Dismutaz Diizeyleri Uzerine Etkileri

ABSTRACT Objective: In the present study, we investigated the adrenomedullin (AM) and total nitric oxide (NOx)
[nitrite plus nitrate] levels in experimentally induced stress ulcer model in rats. To examine the relation with ox-
idative stress, we measured the levels of thiobarbituric acid-reactive substances (TBARS) as an index of lipid perox-
idation, and superoxide dismutase (SOD) activity together with the effect of calcium dobesilate (Ca-D) as well.
Material and Methods: In this study, 33 female Wistar-Albino rats weighing about 230 g (200-250) aged 7-8 months
were used. The rats were divided into 3 groups each containing 11 rats. The Ca-D-treated stress group received daily
single oral dose of calcium dobesilate for 10 days (group 1). The saline-treated stress group received daily single oral
dose of saline (same volume with calcium dobesilate) for 10 days (group 2). The non-stressed control group received
daily single oral dose of saline (same volume with calcium dobesilate) for 10 days (group 3). In all groups of rats,
plasma AM, NOx and TBARS levels as well as gastric mucosa NOx, TBARS levels, and SOD activity were determined.
Results: In group 2 plasma AM (p< 0.001), plasma NOx (p< 0.001), gastric mucosa NOx (p< 0,001), and gastric mu-
cosa TBARS levels (p< 0.01) were significantly higher than the levels in the control group. In group 1, elevated
plasma NOx, gastric mucosa NOx, and plasma TBARS levels were found compared to the control group. On the
other hand, the average plasma adrenomedullin and gastric mucosa TBARS levels in group 2 were significantly
higher (p< 0.001) and plasma NOx levels were lower (p< 0.01) compared to group 1. In addition, in group 1 and 2,
decreased SOD activity (p< 0.001) was found in gastric mucosa compared to the control group. Conclusion: Elevated
levels of AM and NOx may be generated to protect the organism as a response to increased oxidative stress. Calcium
dobesilate may partially protect the organism against oxidative stress in stress ulcer pathogenesis, probably in rela-
tion to NO. However, further studies will be required to evaluate the role of calcium dobesilate in stress ulcer patho-
genesis because of low levels of plasma AM and high levels of plasma TBARS in Ca-D-treated stress group.

Key Words: Nitric oxide; superoxide dismutase; ulcer; calcium dobesilate; adrenomedullin

OZET Amag: Bu ¢alismada, deneysel olarak stres iilseri olusturulan sicanlarda adrenomedullin (AM) ve total nit-
rik oksit (NOx) [nitrit + nitrat] diizeyleri arastirildi. Stiperoksit dismutaz aktivitesi (SOD) ve lipid peroksidasyonu-
nun bir gostergesi olarak “Thiobarbituric asit reactive substance (TBARS)” diizeylerinin oksidatif stresle iligkisine
ek olarak kalsiyum dobesilat (Ca-D)'1n etkileri incelendi. Gereg ve Yéntemler: Bu caligmada yaklagik 230 g (200-
250 g) agirhiginda 7-8 aylik 33 disi Wistar Albino sigan kullanildi. Bu siganlar, her biri 11 adet si¢an igeren 3 gru-
ba boliindi. Kalsiyum dobesilat verilen stres grubundaki (grup 1) hayvanlara, 10 giin boyunca agizdan tek doz
Ca-D verildi. Serum fizyolojik verilen stres grubundaki (grup 2) hayvanlara, 10 giin boyunca serum fizyolojik (Ca-
D ile ayn1 miktarda) verildi. Stres olusturulmayan kontrol grubundaki (grup 3) hayvanlara, 10 giin boyunca serum
fizyolojik (Ca-D ile ayn1 miktarda) tek doz olarak agizdan verildi. Plazma AM, NOx, TBARS diizeyleri tiim grup-
larda tayin edildi. Ayrica bu gruplarin mide mukozasinda NOx, TBARS diizeyleri ve SOD aktivitesi de belirlendi.
Bulgular: Grup 2’de, plazma AM (p< 0.001), plazma NOx (p< 0.001), gastrik mukoza NOx (p< 0.001) ve gastrik mu-
koza TBARS diizeyleri (p< 0.01) kontrol grubuna gore anlamh derecede yiiksek bulundu. Grup 1’de, plazma NOx,
gastrik mukoza NOx ve plazma TBARS diizeyleri kontrol grubuna gore daha yiiksekti. Diger taraftan, grup 2’deki
plazma NOx diizeyi grup 1 ile kiyaslandifinda anlamh él¢tide daha disiik (p< 0.01), adrenomedullin ve gastrik
mukoza TBARS diizeyleri ise grup 1 ile kiyaslandiginda grup 2’de anlamli 6l¢iide daha yiiksek bulundu (p< 0.001).
Ek olarak gastrik mukoza SOD aktivitesi, kontrol grubuyla kiyaslandiginda grup 1 ve grup 2’de istatistiksel olarak
anlamh diizeyde azalmig bulundu (p< 0.001). Sonug: Adrenomedullin ve NOx diizeyleri, artmis oksidatif strese ya-
nit olarak organizmay: korumaya yonelik artis gostermis olabilir. Kalsiyum dobesilat, muhtemelen NO ile iligkili
olarak, stres iilseri patogenezinde oksidatif strese kars1 organizmanin korunmasinda kismen etkili olabilir. Ancak
Ca-D uygulanan stres grubunda artmig plazma TBARS ve azalmig plazma AM diizeylerinden dolay stres iilseri pa-
togenezinde kalsiyum dobesilatin roliiniin arastirilacagi yeni ¢aligmalara ihtiyag vardir.

Anahtar Kelimeler: Nitrik oksit; siiperoksit dismutaz; iilser; kalsiyum dobesilat; adrenomedullin
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tress ulcer is a common cause of gastrointes-

tinal bleeding and its etiology is multifactori-

al. A reduction in gastric mucosal blood flow
and oxygen derived free oxygen radicals plays an
important role in the stress ulcer pathogenesis.!

Reactive oxygen species (ROS) such as supero-
xide anion (O,’), hydrogen peroxide (H,0,), and
hydroxyl radical (OH®) have emerged as highly
toxic agents responsible for a wide variety of tissu-
e damages.”® Their involvement in gastric ulcerati-
on was realized when they were shown to mediate
gastric mucosal lesions in experimental animals.*
1 A growing body of experimental and clinical ev-
idence suggest that gastric mucosal damage by
ethanol, non-steroidal antiinflammatory drugs, and
by Helicobacter pylori is mediated through the
ROS.!>18 ROS are also involved in gastric ulcerati-

on induced by several kinds of stress.'®"

Adrenomedullin (AM), a potent vasodilator
peptide originally isolated from human pheochro-
mocytoma, has recently been shown to be abun-
dantly expressed by and to be secreted from
vascular endothelial cells and functions in an au-
tocrine/paracrine fashion.” Immunoreactive AM
has been detected by radioimmuno- assay in plas-
ma and various tissues including kidney, pancreas
and intestine.”!

Some studies have shown that AM prevents
gastric mucosal damage, reduces gastric acid secre-
tion and decreases the vasoconstriction to 5-hy-
droxytryptamine in gastric arteries, suggesting that
its gastro-protective effects may partially be rela-
ted to an increase in blood flow in the gastric mu-
cosa, by a mechanism involving nitric oxide
(NO).%22 Moreover, Shimosawa et al have recently
shown that AM-deficient mice generated by gene
targeting is associated with perivascular inflamma-
tion in coronary artery and increases in systemic
and local oxidative stress and reversal of increased
urinary isoprostane excretion by exogenous AM
supplementation.? These data are consistent with
the assumption that AM may play a protective ro-
le against oxidative stress as an endogenous antio-
xidant in vivo.

Calcium dobesilate (Ca-D) possesses angiopro-
tective properties in chronic venous insufficiency
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and diabetic retinopathy .** Among other effects,
Ca-D has been shown to enhance NO synthase ac-
tivity in vascular endothelial cells.”® Furthermore,
it has been recently shown that Ca-D possesses an-
tioxidant properties in vitro? and protects capillary
permeability by reactive oxygen species in the rat
periteonal cavity.?”” In addition, radical scavengers
such as superoxide dismutase (SOD) have been
shown to be effective in reducing the adverse ef-
fects of free radicals on gastric mucosa.”*?

In our study, we investigated the AM and to-
tal nitric oxide (NOx) [nitrite plus nitrate] levels in
experimentally induced stress model in rats. To ex-
amine the relation with oxidative stress, we mea-
sured the levels of thiobarbituric acid reactive
substances (TBARS) as an index of lipid peroxida-
tion, and SOD activity together with the effect of
Ca-D as well.

I MATERIAL AND METHODS
STUDY DESIGN

Interventions concerning animals were performed
according to the Guide for the Care and Use of the
Laboratory Animals.* In this study, 33 female Wis-
tar-Albino rats weighing about 230 g (200-250)
aged 7-8 months were used. The rats were divided
into 3 groups each containing 11 rats. The Ca-D-
treated stress group received daily single oral dose
of Ca-D for 10 days (group 1). Ca-D (Doxium®) was
diluted in 1 mL saline and was administered orally
by gavage through esophageal catheter. The saline-
treated stress group received daily single oral dose
of saline, same volume with Ca-D, for 10 days (gro-
up 2). Stress ulcer was induced in these two groups
of rats (group 1 and 2). The non-stressed control
group that received daily single oral dose of saline
at the same volume with Ca-D formed the control
group (Group 3).

Experimental Model

All groups of rats were starved 12 hours before the
experiment with free access to water. Then the rats
(group 1 and 2) were anesthetized lightly with et-
her and were restrained on a rodent immobilizati-
on device space 15 cm apart from each other for 6
hours at 16°C.3! At the end of the restraint period
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blood was collected from all rats in plain tubes and
tubes containing EDTA and aprotinin (Roche, Ger-
many). After the blood collection process, rats we-
re sacrificed by prolonged ether anesthesia for
laparotomy; the stomach was placed on an ice-be-
aring surface and was opened along the grater cur-
vature. The mucosal surface was gently rinsed by
cold saline solution. Stomach was stretched over
the ice. Mucosal lesions were inspected and rated
for gross pathology according to the scale descri-
bed by Dekansky et al**as follows: 0= no damage,
1= blood at the lumen, 2= pin point erosions, 3= 1-
5 small erosions < 2 mm, 4= > 5 small erosions < 2
mm, 5= 1-3 large erosions > 2 mm, 6= >3 large ero-
sions > 2 mm.

Biochemical Assay

Collected blood was centrifuged at 1500 g for 10
min at 4°C. Plasma and gastric mucosa specimens
were frozen at -80°C in aliquots until assayed. Tis-
sue samples were homogenized in phosphate buf-
fer (Ph: 7.4) with a mechanic homogenizer with a
Teflon-coated piston (RZR 2021; Heildolph,
Schwabach, Germany) forming a 10% (w/v) homo-
genate. The homogenate was sonicated (MSE, 11-
73/ PG597, England) and centrifuged at 4.000 g for
10 min at 4°C for TBARS analysis or at 15.000 g for
15 min at 4°C for NOx and SOD analysis (Heraeus,
Germany). The resultant supernatant was used for
the measurement of TBARS, NOx, and SOD acti-
vity.

Plasma AM concentrations were determined
by enzyme-linked immunosorbent assay (ELISA)
(Phoenix Pharmaceuticals; Cat no: EK-010-08).
Plasma and tissue NOx levels were determined by
colorimetric method (Roche; Cat no: 1746-081,
Germany). Plasma and tissue TBARS and tissue
SOD activity levels were measured according to the
method of Buege and Aust,® and Sun et al,* res-
pectively. Tissue TBARS, NOx and SOD activity re-
sults were expressed as pmol/g wet tissue, umol/g
wet tissue and U/g wet tissue, respectively.

Statistical Analysis

Conventional methods were used for the calcula-
tion of means and standard deviation (SD). The da-
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ta were expressed as the mean + SD. Data were an-
alyzed with a one way ANOVA followed by mul-
tiple comparisons by Bonferroni and Dunnett
t-test, as appropriate. For correlation analysis Pe-
arson’s correlation was used. p values equal to or
less than 0.05 were considered significant.

I RESULTS

In group 1 and 2, gross gastric lesions were visuali-
zed in the fundus and corpus of the stomach. The-
re was no significant difference between the two
groups regarding gross pathology (p> 0.05).

In group 2, plasma AM (p< 0.001), plasma NOx
(p< 0.001), gastric mucosa NOx (p< 0.001), and gas-
tric mucosa TBARS levels (p< 0.01) were signifi-
cantly higher than in the control group. In group I,
elevated plasma NOx, gastric mucosa NOx, and
plasma TBARS levels were found compared to the
control group. On the other hand, the average plas-
ma AM and gastric mucosa TBARS levels in group
2 were significantly higher (p< 0.001) and plasma
NOx levels were lower (p< 0.01) compared with
group 1. In addition, in group 1 and 2 SOD activity
(p< 0.001) in gastric mucosa was decreased compa-
red to the control group (Table 1).

According to Pearson’s correlation test, there
was a positive correlation between plasma adreno-
medullin and gastric mucosa TBARS levels (r=
0.616; p< 0.01). We also found positive correlations
between plasma TBARS and plasma NOx/gastric
mucosa NOx levels [(r= 0.440; p< 0.05) / (r= 0.544;
p< 0.01) respectively]. Moreover, a positive corre-
lation was detected between plasma NOx and gas-
tric mucosa NOx levels (r= 0.803; p< 0.001). In
contrast, we found negative correlations between
gastric mucosa SOD activity and plasma AM (r=-
0.376; p< 0.05), plasma TBARS (r=-0.523; p< 0.01),
plasma NOx (r=-0.510; p< 0.01), and gastric muco-
sa NOx (r=-0.698; p< 0.01) levels.

I DISCUSSION

The etiology of gastroduodenal ulcers is influenced
by various aggressive and defensive factors such as
acid-pepsin secretion, parietal cell, mucosal barri-
er, mucus secretion, blood flow, cellular regenera-
tion, and endogenous protective agents.®

Turkiye Klinikleri ] Med Sci 2009;29(6)
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TABLE 1: Results of gastric mucosa TBARS, NOx levels and SOD activity, and plasma TBARS, NOx and
AM levels in experimental groups (mean + SD).

Variables Group 1 (n=11)
p AM {ng/mL) 3.52+£0.88

p TBARS (umol/L) 452+ 052

m TBARS (umol/g wet tissue) 47.74 + 471

p NOx (umol/L) 3.09 + 0.29+,+*
m NOx {umol/g wet tissue) 10.90 + 0.83+

m SOD (U/g wet tissue) 107.231 +5.26

Group 2 (n=11) Group 3 (n=11)

4.81 +0.50"™ 3.43+0.26
4.08 +0.62 3.67+0.24
55.62 + 417 49.88 + 2.58
2.73+0.17* 2.25+0.09
10.26 £ 0.50" 7.16 £ 0.44
107.789 + 3.48 116.248 + 4.69+*

AM: Adrenomedullin, TBARS: Thiobarbituric acid reactive substances, NOx: Nitric oxide, SOD: Superoxide dismutase.

p= plasma, m= gastric mucosa)
Group ; Ca-D-treated stress group,
Group II; Saline-treated stress group,
Group IIl; Non-stressed control group,

*p< 0.001; (group 2 - group 3), *p< 0.001; (group 2 - group 1), ***p< 0.01; (group 2 - group 3), *p< 0.01; (group 1 - group 3),

“*p< 0.001;(group 1 - group 3), **p< 0.01; (group 1 - group 2).

The ROS generated by the metabolism of arac-
hidonic acid, platelets, macrophages, and smooth
muscle cells may contribute to gastric mucosal da-
mage. Therefore, by scavenging free radicals, the
reactive oxygen metabolites might be useful by
protecting the gastric mucosa from oxidative dam-
age or accelerating healing of gastric ulcers.®

Recently, it has been implicated that NO is im-
portant in the regulation of acid and alkaline secre-
tion, gastric mucosal blood flow, and gastric mucus
secretion. It is also known that NO is involved in
the modulation of gastric mucosal integrity. Three
genetically distinct NOS isoforms have been identi-
fied. These include a constitutive, low output en-
dothelial isoform (eNOS) that modulates vascular
tone, a neuronal isoform (nNOS) that modulates
synaptic plasticity and neurotransmission, and an
inducible, high output immune/inflammatory iso-
form (iNOS) that functions as an effector compo-
nent of the cell mediated immune response. nNOS
and eNOS are dependent on Ca*/calmodulin com-
plex for NO production, whereas iNOS is Ca™ in-
dependent.?¢*” cNOS and iNOS have been detected
in gastric mucosal cells isolated from rats.® It has
been widely accepted that in the digestive system,
NO produced by cNOS is cytoprotective, while ex-
cessive NO produced by iNOS is cytotoxic, altho-
ugh there is a report suggesting that NO produced
by iNOS may have protective actions on gastroin-
testinal mucosa.®*® While low levels of NO is essen-
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tial in preventing the lipid peroxidation, excessive
amounts of NO react with ROS and produce perox-
ynitrite, singlet oxygen, and hydroxyl radical which
are highly toxic.**? Thus, the role of NO in patho-
logical states is complex, and balance between ROS
and NO may be important.

AM is an aminoacid peptide with a potent hy-
potensive/vasodilatory action. Levels of AM are sig-
nificantly elevated in patients with hypertension,
and reports have suggested that stressor-related in-
creases may serve as a regulatory or protective
function. Acute restraint stress is known to stimu-
late sympathetic activity as well as hypothalamic-
pituitary-adrenal (HPA) axis, producing significant
increase in AM levels in pituitary gland, plasma
and adrenal glands all of which are key compo-
nents of the HPA axis, suggesting a regulatory
and/or protective role for AM in countering HPA
activation following a variety of physiological and
psychological stressors.*

AM has vascular, renal, and endocrine effects.
The vasodilator effects of AM were suggested to be
mediated via calcitonin-gene-related peptide
(CGRP) receptors coupled to the accumulation of
intracellular cAMP, NO release and increased in-
tracellular Ca*? concentrations or activated phosp-
holipase C.* In addition, AM has been described to
increase interleukin-(IL)1-induced NO production.
NO not only inhibits vascular smooth muscle cell
(VSMC) proliferation and DNA synthesis but also
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exerts antioxidant effects, probably through
NAD(P)H oxidase inhibition. Therefore, AM defi-
ciency can increase ROS generation, possibly thro-
ugh activation of nicotinamide adenine
dinucleotide phosphate, reduced form (NAD(P)H)
oxidase.** In our study, plasma AM and gastric
mucosa TBARS levels in group 2 were significantly
higher than in group 1 and the control group. Ele-
vated plasma adrenomedullin levels in group 2 may
be a result of compensatory mechanisms. Moreo-
ver, this may be the cause of higher plasma and gas-
tric mucosa NOx levels in group 2 than in the
control group.

Ca-D has been recently reported to express an-
tioxidant properties in vitro. Ca-D appears to act as
a scavenger for hydroxyl radicals and as an inhibi-
tor of membrane lipid peroxidation generated by
oxygen free radicals in human erytrocytes and
polymorphonuclear cells.*” Moreover, this study
suggested that Ca-D acted predominantly in the ex-
tracellular compartment, as expected from its hy-
drophilic properties. In addition, previous in vitro
studies showed that Ca-D potently scavenges supe-
roxide anion.”?” On the other hand, Ruiz et al®
showed that Ca-D increased NOS activity in vas-
cular endothelial cells. Thus, Ca-D may contribute
to the increase in gastric mucosa blood flow due to
the increased NO production.

In the present study, we also found lower plas-
ma AM levels in group 1 than in group 2. In addi-
tion, plasma NOx levels were found to be
significantly higher in group 1 than in group 2 and
the Control group. Consequently, Ca-D adminis-
tration may partially contribute to high plasma
NOx, low plasma AM and gastric mucosa TBARS
levels in group 1 when compared to group 2. In ad-
dition, possible effects of Ca-D are not reflected to
plasma TBARS levels in group 1.

On the other hand, in this study, gastric muco-
sa SOD activity was significantly lower in group 1
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and group 2 than in the control group. We also fo-
und negative correlations between gastric mucosa
SOD activity and other study parameters. Preven-
tive antioxidants, such as SOD, catalase and glutat-
hione peroxidase (GPx) are the first line of defense
against reactive oxygen species. The activity of
SOD and GPx were initially increased during fast-
ing but prolonged fasting as well as ulceration sig-
nificantly reduced their activity.*® Exogenous
administration of SOD was found to reduce ulcer
formation and to prevent the decrease of SOD ac-
tivity in the gastric mucosa following indometha-
cin-induced ulceration.”® A decrease in the SOD
activity following ulceration induced by intraperi-
toneal injection of 0.6 M HCI has also been demos-
trated by Tanaka and Yuda.* Similar to our results,
Kwiecien et al®® showed decreased SOD activity
and increased TBARS levels in experimental mu-
cosal damage.

I CONCLUSION

Our results suggest that;

1. Elevated levels of AM and NOx may be ge-
nerated to protect the organism as a response to in-
creased oxidative stress and decreased gastric
mucosal blood flow.

2. The pathogenesis of experimental mucosal
damage in rat stomach includes the generation of
ROS that seems to play an important role, namely
due to generation of lipid peroxides, accompanied
by impairment of antioxidative enzyme activity of
cells.

3. Ca-D may partially protect the organism
against oxidative stress in stress ulcer pathogenesis,
probably related to NO but further studies will be
required to evaluate the role of Ca-D in stress ulcer
pathogenesis because of low levels of plasma AM
and high levels of plasma TBARS in Ca-D-treated
stress group.
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