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The effects of isosorbide dinitrate on methemoglobin
reductase enzyme activity and antioxidant states
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Isosorbide dinitrate (ISDN) has been used in the treatment of ischaemic cardiovascular diseases for many years. ISDN is the
most popular nitric oxide donor and causes methemoglobinemia as an important side-effect. The purpose of this study was to
examine antioxidant states and methemoglobin reductase activity after giving ISDN and ISDN plus vitamin E. Rats were
divided into three groups according to the treatment: control group, ISDN group and ISDN plus vit. E group. We measured
reduced glutathione in blood (GSH), plasma malondialdehyde (MDA), erythrocyte superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx) and NADH-dependent methemoglobin reductase activities. In the ISDN group, plasma
MDA levels were significantly high compared to the control and ISDNþ vit. E groups ( p< 0.001). In the ISDN and
ISDNþ vit. E groups, blood GSH levels were higher than those of the control group ( p< 0.05). Changes of SOD and
GPx activities were not significant. In the ISDN and ISDNþ vit. E groups the erythrocyte catalase and NADH-dependent
methemoglobin reductase activities were significantly higher than that in the control group ( p< 0.001). We conclude that
oxidant drugs such as ISDN need to be carefully used because of lipid peroxidation and methemoglobinemia. These findings
support the notion that vitamine E protects tissues against oxidative stress. Copyright # 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Oxygen free radicals have become a hot topic in
recent years. As a result of intensive research, it has
been found that these radicals play a significant role
in aetiopathogenesis of various diseases.1–4

Free radicals, having an unpaired single electron in
their outer shells, are very reactive chemically. They
are generated during normal physiological events
but their production is restricted by antioxidant
enzymes or substances.1,5,6 On the other hand, the for-
mation of free radicals is elevated in pathological and
certain environmental conditions such as ischemia–
reperfusion,7–9 inflammation,10 ionizing radiation11,12

and ultraviolet radiation.13 In addition, oxidative
drugs, e.g. xenobiotics, also lead to increased levels
of free radicals.14

Various chemicals and drugs, which are taken for
different purposes, are converted to intermediate
forms by certain enzymes. These intermediate forms
can enter many cellular reactions and generate toxic
damage.15

Isosorbide dinitrate (ISDN), a nitric oxide (NO)
donor, has been widely used for the treatment of car-
diovascular disorders. ISDN promotes coronary vaso-
dilation by releasing nitric oxide, which in turn
relaxes the vascular smooth muscles. Organic nitrates
are very lipophilic agents, and they can easily enter
smooth muscle cells. They react with the sulfhydryl
(SH) groups of natural substances (e.g. cysteine) and
generate unstable S-nitrosodiol derivatives in smooth
muscles. These intermediates lead to the release of
nitric oxide from organic nitrates. Endothelium
derived releasing factor (EDRF), which is synthesized
from L-arginine in endothelial cells, activates soluble
guanylate cyclase in vascular smooth muscles. As a
result, the cellular level of cGMP increases and this
elevation in cGMP level mediates smooth muscle
relaxation. In addition, NO produced from organic
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Eskişehir-26480, Turkey. Tel: (222) 2392979/4520. Fax: 00 90
222 2292126. E-mail: minal@ogu.edu.tr



nitrates in the cells, activates guanylate cyclase, and
leads to vasodilatation.16–18

Peroxynitrite anion (ONOO�), hydroxyl radicals
(.OH), and the products of nitrites and nitrates are
formed when nitric oxide reacts with superoxide. So
it is believed that NO is a cytotoxic agent related to
the formation of such end-products.10,19–21

The most important side-effect of organic nitrates is
the oxidation of ferrous ion (Fe2þ) to its ferric state
(Fe3þ) in hemoglobin. Therefore, the oxygen-carrying
ability of hemoglobin is impaired and the hemoglobin–
oxygen dissociation curve is shifted to the left because
of methemoglobinemia. NADH-methemoglobin red-
uctase maintains the iron of hemoglobin in the ferrous
state. This enzyme has a small effect under normal
conditions but its function increases during methemo-
globinemia.22,23

Glutathione plays a central role in protecting tissues
against oxidative stress. Superoxide dismutase (CuZn-
SOD) catalyses the dismutation of superoxide ion
(O2

.�) to hydrogen peroxide (H2O2). Catalase and
seleno-dependent glutathione peroxidase (GPx)
remove the H2O2 by converting it to H2O and molecu-
lar oxygen.24 While GPx catalyses the removal of
H2O2 glutathione (GSH) is converted to oxidized glu-
tathione (GSSG). Glutathione reductase (GSSGR)
catalyses the regeneration of reduced glutathione
(GSH). Also, GSH plays an important role in prevent-
ing methemoglobin formation.11,12 GPx is responsible
for protecting cells at low H2O2 levels while catalase
prevents celluler damage at high H2O2 concentration.

In this study, we evaluated the effect of ISDN on
methemoglobin reductase and antioxidative enzyme
systems. Also, the protective role of vitamin E on
ISDN-injected rats was investigated. ISDN alone or
with vitamin E was administrated to Spraque-Dawley
rats and enzymic analyses were carried out on blood
samples. Namely, NADH-methemoglobin reductase
(EC 1.6.2.2), glutathione peroxidase (EC 1.11.1.9),
superoxide dismutase (EC 1.15.1.1) and catalase
(EC 1.11.1.6) activities were determined in erythro-
cytes, after measuring the GSH level in fresh blood.
The level of malondialdehyde (MDA), a lipid peroxi-
dation product, was also determined in the plasma
samples.

MATERIALS AND METHODS

These animal experiments were approved by the
Animal Ethics Committee, Osmangazi University,
Eskişehir, Turkey.

Twenty-eight Spraque-Dawley rats (20–24 weeks
old), weighing 200–250 g, were used for this study.

All animals were subjected to the same environment
and feeding conditions for the duration of the experi-
ments. Briefly, they were kept in a room with a con-
trolled temperature (20� 2�C), humidity (10%) and
12-h light/dark cycling schedule for 1 month. Labora-
tory rat chow and water were given ad libitum to the
animals.

All procedures were carried out following a 12-h
starvation period. The animals were anaesthetized
with intraperitoneal UrethaneTM (1 g kg�1) injection.
Rats were randomly divided into three groups, each
containing eight to 10 animals, and received the fol-
lowing treatments.

Control group (n¼ 8)

This group of animals received saline solution instead
of ISDN and vitamin E.

ISDN group (n¼ 10)

ISDN (100 mg kg�1) was given orally by gavage under
urethane anaesthesia. Two hours later, intracardiac
blood samples were collected into heparinized tubes.

ISDN plus vit. E group (n¼ 10)

Vitamin E (50 mg kg�1day�1) was given intraperito-
neally to the rats for 1 week. On the seventh day,
100 mg kg�1 ISDN was administered orally using
gavage under anaesthesia. Two hours later, cardiac
blood samples were taken and analysed for the
enzyme activities. Various techniques were used for
enzyme assays. Briefly after taking a certain volume
of blood (1 ml) for GSH measurement, the blood sam-
ples were immediately centrifuged at 1500 g for
5 min. Plasma and buffy-coated leukocytes were care-
fully separated from the erythrocyte pellet. Plasma
was kept at �20�C for MDA measurements. The ery-
throcytes were then washed three times with a saline
solution (0.9% NaCl). Erythrocyte pellets were also
kept at �20�C until measurement of SOD, GPx, cat-
alase and NADH-methemoglobin reductase activities.
Hemolysates were prepared from the erythrocyte
pellets.

The blood GSH level was measured spectrophoto-
metrically using Beutler et al.’s methods.25 Plasma
MDA levels were determined according to Ohkawa
et al.26 Briefly MDA reacts with thiobarbituric acid
in an acidic medium, which leads to changes in the
absorbance at 532 nm. This measurement was used
to determine the MDA level in plasma.
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Superoxide dismutase activity was measured
according to Winterbourn et al.27 Catalase, NADH-
methemoglobin reductase and GPx activities were
measured as previously described.28,29 The results
were expressed as U g�1 hemoglobin or mg dl�1.

Statistical analysis

One-way analysis of variance was used for analysing
the experimental results which were expressed as
mean� SEM.

RESULTS AND DISCUSSION

The levels of GSH and MDA, and the activities of
SOD, catalase, GPx and NADH-methemoglobin
reductase are given in Table 1.

Organic nitrates have been used for many years
because of their vasodilatory effects. The most impor-
tant side-effect of the organic nitrates is their relation
to the formation of methemoglobinemia. As is well
known, methemoglobinemia results from an increase
of oxidative stress in the erythrocyte.19

Some studies show that NO increases the GSH con-
centration of cells.30,31 Most studies have been con-
cerned with NO production stimulated by EDRF.
Kuo and Slivka30 generated liver damage by using
acetaminophen, and observed a parallelism between
the nitrite level, a metabolite of NO, and GSH concen-
tration. Therefore they stated that NO was an impor-
tant agent for maintaining the GSH balance. They also
suggested that the effect of NO in GSH metabolism
was dependent on the activation of either GSSGR in
the glutathione redox system or �-glutamyl cysteine
synthetase in the glutathione synthesis pathway.

In our study, GSH concentration was significantly
increased in the ISDN group compared with the con-
trol group ( p< 0.05). The data of White et al.31 sup-

ports our findings. By giving ISDN and nitroprusside,
another NO activator, they showed that cellular GSH
concentration became elevated in rat liver fibroblasts
and pulmonary arterial smooth muscle cells. They
also suggested that enzyme activation in steps of the
GSH synthesis pathway may be responsible for this
GSH elevation. Furthermore, they stated that NO
plays a protective role during oxidative stress because
of GSH elevation.

The MDA level significantly increased in the
ISDN-treated animals as compared to the control
group ( p< 0.001). One of the reasons for lipid perox-
idation is the formation of the .OH radical, generated
from NO and O2

.�.
Gobbel et al. observed that NO and superoxide had

little effect on cerebral endothelial cells when admi-
nistered alone. They assumed that the effects of NO
and superoxide were synergistic and cytotoxic.32

Their results show similarity with our findings.
Organic nitrates, such as ISDN lead to the forma-

tion of ferric ion (Fe3þ) in the hemoglobin structure.
The increase of ferric ions causes an elevation of O2

.�

and H2O2 levels in the medium. Interaction of O2
.� and

H2O2 generates the hydroxyl radicals by the Haber–
Weiss reaction. Furthermore, ferrous ions together
with hydrogen peroxide generate hydroxyl radicals
in Fenton reactions.16 It is expected that .OH radicals
have an effect on lipid peroxidation. The transition
metal levels are elevated in the medium, when lipid
peroxidation starts.1

Vitamin E is in the first step of cellular defence
against lipid peroxidation. It terminates the elongation
of lipid peroxide chains non-enzymically. In this way,
free radical attack is ended. This effect of vitamin E is
very important in protecting biomembranes.2,33 In our
work, the MDA level in the ISDNþ vit. E group was
found to be lower than that of the control group
( p< 0.001).

Table 1. The levels of blood GSH and plasma MDA and the activities of GPX, catalase, SOD and NADH-methemoglobin reductase in
experimental groups (means� SEM)

Control group ISDN group ISDNþ vit. E group

GSH (mg dl�1) 56.93� 6.63 68.77� 7.95* 65.02� 4.00*
MDA (nmol ml�1) 6.5� 0.9 7.5� 0.7y 6.0� 0.8yz

GPx (U g�1 Hb) 25.33� 2.95 28.47� 3.50 27.34� 4.00
n.s n.s n.s

Catalase (U g�1 Hb) 49750� 13068 62300� 6650y 61500� 9324y

SOD (U g�1 Hb) 3664� 545 3612� 522 3679� 358
n.s n.s n.s

NADH-Methemoglobin reductase (U g�1 Hb) 8.26� 1.8 14.73� 1.3y 14.08� 2.17y

*p< 0.05 relative to control group.
yp< 0.001 relative to control group.
zp< 0.001 relative to ISDN group.
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SOD activity was not significantly changed in the
ISDN group and it is known that SOD removes super-
oxide by dismutation.Therefore, we assumed that
there was not enough substrate to stimulate SOD,
since the reaction of O2

.� and NO used most of the
substrate. Catalase and GPx use H2O2 as a substrate.
In our study, GPx activity in ISDN-injected rats was
increased but however, this was not statiscally signifi-
cant. However, the increase in GPx activity may
depend on the elevation of GSH levels. Also H2O2

levels may be responsible for the increase in GPx
activity. On the other hand, the increase in catalase
activity in ISDN-administered animals was found to
be statistically significant as compared to the control
group ( p< 0.001). Substrate activation is the reason
for augmented catalase activity because organic
nitrate produces high levels of H2O2.

The NADH-methemoglobin reductase activities
measured were found to be significantly higher in both
the ISDN- and ISDNþ vit. E-injected animals than in
the control group ( p< 0.001). There are many studies
investigating the effect of drugs or radiation on the
methemoglobin reductase enzyme system or antioxi-
dative enzyme systems. Previously, we have shown
that rats subjected to radiation had high levels of blood
NADH-methemoglobin reductase activity.12 Das
et al.34 reported that blood NADH-methemoglobin
reductase activity decreased after cadmium adminis-
tration to the subjects. However they suggested that
the cadmium-induced anaemia was responsible for
the reduction of NADH-methemoglobin reductase
activity. GPx activity did not change in their experi-
ments, while SOD activity increased with elevated
H2O2 levels which led to lipid peroxidation. These
findings parallel our results.

Nilsson et al. and Collins reported that benzocain
and lidocain (extensively used drugs in medicine)
should be administered carefully especially to young
children and patients who have hemoglobin disor-
ders.35,37 There are many studies suggesting the
importance of methemoglobin formation during such
drug administration.37,38

Our findings suggest that great care should also be
taken when using antioxidant drugs. Thus ISDN, a
vital drug for cardiovascular disorders, should be
given with vitamin E to reduce side-effects.
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9. Köken T, Inal EM. The effect of nitric oxide on ischemia–
reperfusion injury in rat liver. Clin Chim Acta 1999; 288: 55–62.

10. Halliwell B. Oxygen radicals, nitric oxide and human inflam-
matory joint disease. Ann Rheum Dis 1995; 54: 505–510.

11. Erden M, Bor NM. Changes of reduced glutathione, glutathione
reductase and glutathione peroxidase after radiation in guinea
pigs. Biochem Mol Med 1984; 31: 217–227.

12. Erden M. Changes of hexose monophosphate pathway and
methemoglobin reductase enzyme activity after radiation in
guinea pigs. Comp Biochem Physiol 1987; 86: 629–633.

13. Inal EM, Kahraman A. The protective effect of flavonol quer-
cetin against ultraviolet A radiation induced oxidative stress in
rats. Toxicology 2000; 154: 21–95.

14. Sorensen M, Loft S. No significant paraquat-induced oxidative
DNA damage in rats. Free Rad Res 2000; 32: 423–428.

15. Perry GM, Anderson BB. Utilization of red cell FAD by
methemoglobin reductases at the expense of glutathione reduc-
tase in heterozygous �-thalassaemia. Eur J Haematol 1991; 46:
229–295.

16. Cooke JP, Tsao PS. Cytoprotective effects of nitric oxide.
Circulation 1993; 88: 2451–2454.

17. Kita Y, Sugimoto T, Hirasawa Y, Yoshida K, Maeda K. Close
correlation of cardioprotective effect of FK409, a spontaneous
NO releaser, with an increase in plasma cGMP level. Br
J Pharmacol 1994; 113: 5–6.

18. Fujii S, Suzuki Y, Yoshinura T, Kamada H. In vivo three-
dimensional EPR imaging of nitric oxide production from
isosorbide dinitrate in mice. Am J Physiol 1998; 274: G857–
G862.

19. Kowaluk EA, Fung H. Vascular nitric oxide-generating activ-
ities for organic nitrites and organic nitrates are distinct.
J Pharmacol Exp Ther 1991; 259: 519–525.

20. Usmar VD, Halliwell B. Blood radicals; reactive nitrogen
species, transition metal ions, and the vascular system. Phar-
macol Res 1996; 13: 649–662.

21. Valdez LB, Alvarez S, Arnaiz SL, et al. Reactions of perox-
ynitrite in the mitochondrial matrix. Free Rad Biol Med 2000;
29: 349–356.

22. Lukens JN. In Wintrobe’s Clinical Hemathology (7th edn), Lee
GR (ed.). New York, 1987; 1262–12671.

23. Mansouri A. Methemoglobinemia. Am J Med Sci 1985; 289:
200–209.

132 m. e. _iinal and a. m. egüz
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