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ABSTRACT

Organic nitrates are nitric oxide donors used as vasodilators in cardiovascular dis-
euses. Hemoglobin binds to NO with great affinity and forms methemoglobin by oxida-
tion in the erythrocyte, as a consequence an increase in reactive oxygen spectes (ROS)
as superoxide and reactive nitrogen species (RNS) as peroxynitrite which may increase
oxidative stress and lipid peroxidation and alter the erythrocyte antioxidant defense
system. The aim of the present work is to study some biochemical effects of organic ni-
trates on hemoglobin and to evaluate the role of vitamin C {Ascorblc acid) as an antioxi
dant agent agninst the biochemical changes induced by different doses of organic ni-
trates (isosorbide mononitrate) given orally o male rats. The results revealed that
treatment with organic nitrates caused mariced elevation (n the level of Upid peroxida-
tlon (estimated by the amount of MDA) and a decline in SOD, GSH and CAT activities
accompanied with an increase in the rate of hemoglobin autoxidation and a decrease in
tron and TIBC. The results also demonstrated a mariced increase in hemoglobin deriva-
tives as methemoglobin and carboxyhemoglobin. Treatment with vttamin C significantly
reduced the changes caused by organic nitrates in all examined parameters. These re
sults indicate that alterations caused by organic nitrates are connected with free radi-
cals generation and used antioxidant effectively protect against intoxication.
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INTRODUCTION

Organic nitrates are among the oldest and
most commonly used drugs for the treatment
of cardtovascular disease (Tommaso and
John, 2004). Organic nitrates are vasodilator
drugs that cause the muscle (n the walls of
the blood vessels to relax, allowing the vessels
to dilate. Organic nitrates arc nitrle exide (NO)
donors; In the vascular smooth muscle, nitric
oxlde Induees relaxaton, resulting In vasodi-
lation of arteries and veins (Jonathan, 1996).
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Xenobiotics like organic nitrates and nitrites
are wcll-known medicinal agents, but they
may also constitute endogenous, naturally oc-
curring products of the reactions of NO, per-
oxynilrite and NO2 with liptds. and other bio-
molecules undcr oxldative and nitrosative
stress (Adrian et al., 2004). Therapy with dif-
ferent organic nltrates such as nitroglycerin,
Isosorbide dinitrate and Isosorbide monont-
trate leads to increases (n oxldative stress
(Thomas et al., 2007). Treatment with organ-
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ic nitrates stimulates the production of reac-
live oxygen species (ROS) within the vaseular
tissue (Munzel and Harrison, 1897). Super-
oxide dismutase {SOD). catalase and glutath:-
one provide cellular protection against the
damage caused by f{rce radicals and reactive
oxygen specles (ROS). Measurement of these
ecnzyme acthvitles Is an indireet and noninva-
sive method that could be used to assess oxi-
datlve stress (Valko et al., 2006). Antloxidant
enzymes in the blood are responsible to con-
vert methemoglobin baek to hemoglobin, and
maintain methemogiobin levels normally do
not exeeed 1.0% (Margret et al., 2007). Or-
ganic nitrates induced oxidatlon of hemoglo-
bin (Hb) resulted in methemoglobin (MetHb)
formation and 02.- generation, which caused
11pid peroxidation (Markovic et al,, 2008). Vi-
tamin C {Ascorbic acld) Is a sugar acid with
antfoxidant properties, ascorbate is an antiox-
Idant, since it protects the body against axida-
tive stress and is a cofactor in several vital en-
~ zymatic reactions (Padayatty et al., 2003).

MATERIAL AND METHODS

Fourty two male wistar rats welghing about
150-180g were used In thcse experiments.
(sosarbide -5- mononlitrate (ISMN) was used
as organic nitrate. It was obtained In the form
of tablets, dissolved in water and given orally
at three different elevated doses (1.7 mg/ kg,
3.4 mg/ k¢, and 6.8 mg/ kg bady welght) for a
period of 2 months. Vitamin C was dfssolved
in water, appllted as a [reshly preparcd and
glven orally at a dose of (20 mg/ kg body
welght). Anfmals were divided into scven main
groupa as follow: Group (1) was the untreated
control group. Group (2): given ISMN1.7 mg/
kg. Group (3): glven ISMN1.7 mg/kg followed
by vitamin C. Group (4): given ISMN 3.4 mg/
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kg. Group (5): given ISMN 3.4 mg/ kg (ollowed
by vitamin C. Group (8): given ISMN 6.8 mg/
kg. Group (7): given 1SMN 6.8 mg/ kg followed
by vilamin C. Blood was collected to investi-
gate: Hemoglobin according to (Moore et al,,
1981). Methemoglobin (Mitchell et al.,
2001). carboxyhemoglobin. oxygen satura-
tfon. and oxygen content (Zwart et al.,1984).
hematocrit (Briap et al., 2000). red biloud
cclls (Rodak, 1988). white blood cells (Baker
and Sllverton, 1985), nitric oxidc (Montgom-
ery and Dymock, 1981). glutathlone (Beuter
et al., 1883). catalase (Cohen et al., 1970).
superoxide dismutase ({Dechatelet et al..
1974), malondialdehyde (Draper and Hadley,
1990). iron and total iron binding capacity
(Perrotta, 1984), Inorganic phosphorus
(Tietz, 2004) and hemoglobln autoxidation
rate (Wallace, 1982). Data werc analyzed us-
Ing SPSS program (Statistical Package for the
Social Sciences) version 13.

RESULTS

In groups glven ISMN a significant de-
crcase In hemoglobin, hcmatocerit, red and
white blood cells, glutathlonc, catalase, super-
axide dismutase., oxygen saturation. oxygcn
content, fron. total iron binding capacity. ni-
tric oxide, and inorganic phosphorus compar-
ing with eontrol group. While a significant in-
crease in methemoglobin, carboxyhemoglobin.
malondfaldehyde, and hemoglobin autoxida-
tfon rate. While (n groups given vitamin C fol-
lowing ISMN a signiflcant increase in hemo-
glabin, hemalocrit, red and white blood cells,
glutathione, catalase. superoxide dismutase,
oxygen saturation. oxygen content, Iron. iotal
iron binding capacily, nitric oxide. and Inor-
ganic phosphorus. While a significant de-

' crease in methemoglobin, carboxyhemoglobin.
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malondialdehyde. and hemoglobin autoxida-
tlon rate comparing with groups given 1SMN
only uf the same dose.

DISCUSSION

In the present study the decrease in hemo-
globin concentlration may be due to the eflect
of nitric oxide and nitratc funs liberated dur-
Ing Isosorbide mononitrate metabolism which
can oxidize hemoglobin to methemoglobin
(Bouchard et al. 1992). While the antioxidant
effect of vitamin C that protects the blood
fromn the oxidant effect of nttrlc oxidc induces
an Improvement in hemoglobin (Mary et al,,
2003). Nitrate {vns liberated during metabo-
ltsm of isosorbide mononitrate can oxidize he-
moglobin {nta methemoglobin (Elizabeth,
2007). Lichstein et al., (2000) reported an
increase in methemoglobin concentration us-
ing ordinary doscs of organic nitrales. De-
creasing in methemoglobin concentration by
using viLamin C may be due to the antioxi-
dant elfect of ascorbic actd (vitamin C). Jac-
queline et al., (2008) recorded that thc re-
duction of methemoglobin to hemoglobin by
vitamin C is the nonenzymate pathway that
reducing methemoglobin and protect erythro-
cyte and concluded that erythrocyle alone
had a negligible ability te reduce methemoglo-
bin in thc absence of exogenous aseorbate.
Carboxyhemoglobin showed a signiflcant in-
crease in high doses only this may be due to
the Impairment In the antoxidant enzymes
defense system of the erythroeyte which may
make material ehanges (n hemoglobin system
by elevation of abnormal hemoglobin derlva-
tives as carboxyhemoglobin (Erstenfuk,
2002). Methemoglobinemia may also reduce
the oxygen carrying capaeity of the blood be-
cause methemoglobin cannot bind oxygen
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which reducc saturated oxygen and oxygen
content. This decrease is significant in high
doses {Stepuro and Zlnchuk, 2006). Reduc-
tlon of hematocrit, RBC. and WBC may be a
consequence of hemoglobin reduction and ox-
ldatve stress induccd by nitric oxide. Highly
slgnifieant decrease in the activity of SOD.
and significant decrease in GSH level and CAT
activity as well as very highly significant in
crease in MDA concentration may be duc Lo
Increase of ROS and RNS these Intermediales
may particlpate in reachons giving rise to (rce
radicals which Increase by Increasing 1SMN
dose (Oxis, 2006). Vitamin C aets as a frec
radical scavenger may reducc the effect of frec
radicals (Sally et al., 2003). Reduction of lo-
tal phosphate at thc expensc of its ordanic
part with a shinultaneous increase of the role
of inorganic phosphate during increase ol
methemoglobin In the erythrocyies after tradi-
tional therapy the inethemaglobin level con-
tinued to rise while inorganic phosphate de-
creased in the erythrocylc. On the other
hand. an improvement in inorganic phosphor-
us may be due 1o the profective role of vila-
min C as an antioxidant which decrease lipic
peroxidation and oxidalive strcss thls protec-
tive role Increase inorganic phasphorus con-
eentration (Annette, 2002).

The present study showed a signiflcant de-
crease in serum Jron concentration and a sig-
nificant decrease in total iron binding capaci-
ty (TIBC) tn all ISMN treated groups. This
result may be duc to the nitric oxlde eflects
on bloed which inereased with ISMN dose and
also may be due to oxidative stress induced
by nitric oxide which may decrease serum
iron and decrease total iron binding capacity
(TIBC} (Joanm, 2000). Choi et al., (2002)
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recorded that NO concentrations correlated
Inversely with hemoglobin levels and that iron
deficlency anemia tncreases with NO produc-
tion, and elevated NO concentratlons in iron
defliclenicy anemia return to normal with iron
supplementation. On the other hand. an fm-

108

provement ceffect on serum iron eoncentration
and total iron binding capacity (TIBC) was no-
tieed by the effect of vitamin C. this improve-
ment may be due to benelicial clfeet of vita-
niin C to enhance iron absorption (Shersten
et al., 2007).

Table (1): Hemoglobin, mcthemoglobin, carboxyhemoglobin, oxygen saturation and
oxygen content in different rat groups.

] Animsl Groups ANQVA
""""m"—mﬂﬁ ISMN | ISMN | ISMN | ISMN | ISMN | 1SMN flop

con 0.26mg [0.26+ViC 0.52mg [0.52+VitC  [).04mg  [1.04+VHC

Hb  [15.4320.08]13.7930.11%[14.6910.1*%%[12.7120.21°|14.524D.08 %" 11.79:0.11" [14.02D,1 3**"94.5|<0.05
(wdh -10.6* “43'& 17.6* 5978 224" 91
Y 14,240 +17.14e

Methb | 0.1520.03 | 1.040.01° | 0,4320.3°%° | 1.7230.04" | 0.52::0.04"%" | 2.4810.07° | 0.60.04*™® [369 [<0.08
(*») +580+ +187°& | +1047 4146 & +1983+ +300+&
57,6+ £0.8%¢ 75,8%*

HbCO [0.35+0.03 | 0.5510.03 | 0.28:0.05 |0.73+0.07°| 0.4320.06° [1.0810.03" | 0.67:0.07**" [27.6[<0.0§
(%) A 20°& +100* $229°& +208* 91.4*&

-49,1%+ A1.1*¥ -JB.ov* L

SATO; | 674203 | 643204 | 66.940.6 | 62.2405° | 65.8+1.04" | 60.7120.5"| 6S5.621.8° | 7.5 [<0.08
(%) -4.6* 0.7*& 27 2,44 -9.9% 2.8¢&
+4.0% 458w +R.4

Ojct | 16.720.06 | 15.940.1° | 1632004 [15.8+0.07*| 16.120.07" | 15.4£0.1" | 15.820,08"*" [24.7<0.05
(%) -4.8* ~2.4*& -5.4¥ A6& -7.8¢ 5.4v&
{ +2.5%¢ 1.9 $2,74¢

Results are presented as meany +=SE and % of change.
a: Significant difference compared with conmrol untreated groups at p<0.08.

b: Significant difference compared with ISMN treated groups of the same dose at p<0.05.
*: % of change conpared with control untreated groups
*¥: 94 of change compered with ISMN treated groups of the same dose.
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Table (2): Hematocrit, red blood cells, white blood cells, nitric oxide, inorganic

phosphorus, iron and total iron binding capacity

Animal Groups ANOYA
parametcrs — —
rol ISMN ISMN ISMN ISMN TSMN ISMN el e
contro 0.26mg | D26+VHC 05Img | D.S2+VHC 1.64mg 1.04+VAC
Het | 561408 | $0.750.6° | DI0AT | 479005 | 5171045 | 48,605 | 5372055 |54.4]<0.085
(%) 1044 PRy RS 9.74& 2106 4308
a9 +6.9% +118%¢
RBCaxt9 2. 8:8.06 4,410.09" 5.2*0.07‘_ 4.140.04" £.0+0.04" 3.840.08" 4.m £9.6 | <0.058!
20,0 S5°& 2380 L1 -30.9* 164 &
+18.1%* +12.0°* L1
WBCsx10' | 12.6:5.07 | 10.8:0.1" | 1182007 | 9.&0.1° 11.7:0.04* 8.020.07° |10.4x0.06*"" 311 [<0.05
-100* 1.1 -20.8* EX A3 N33
93 230 430,00«
NO 0.66:0.006 | 1.0440.004* [0.7340.004*" [1.67:0.006" |0.76:0.004*" P 4840.004" | 0.840.004~" [[1843]<0.05
(rmolL) +62.8¢ A1k | +160.9¢ | +1B8v& +I87.89 +25.00&
2987 8450 47700
p. 873081 | 781001 | 823004 | 7.730.0° | 8.0120.029° | 642001' | 7.9+001% [1017]<0.05
(mg/dl) 103+ Y29 (1.8 1.9 218 9.1°&
+5. 1 +4.0** +16.20»
Fe 3395209 | 300.4x1,0° | 328+1.49° | 2728426° | 316610 | 2265:1." | 293620 | 6z2|<0.08
Gyl 118 R 196 ST A3 138
yg 30 +1§.]** +29.6**
TIBC  [0311:0.001)0.499:0.002| 0.50740.002° [0.4766.002°[ 0.49820.001%" [0.46250.05" | 0.48620.001°25 [[1095]<0.08
(mg/dr) 23 O.842 6.4 2.8 9.6* 49 &
+l“i‘ H"‘. ﬂzl'

Results arc presented as means =SE and % of change.
a: Significant differencz compated with control untreated groups at p<0.05.
b: Significant difference compared with ISMN treated groups of the same dose at p<0.05,
*: % of change compated with control untreated groups.
*9: % of change compared with ISMN treated groups of the same dosc.
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Table (3): Glutathione, catalase, supcroxide dismutase an malondialdehyde.

-
Anlmal Groups ANOVA
parameters
control | ISMN ISMN ISMN | 1ISMN ISMN ISMN el v
0.26meg 0.26+VItC 052mg  [0.82+VItC 1.04mg 1.04+VitC
GSH  [1.6320.005] 13130.000" | [A:6.00T5" [1.210.005| 1.3250.08737 | 1.0540.01° | 1.18:0.01%° |$71f<d
("“':I';:;"" -19.6¢ RYRLY ) .28.8 19.07& 380+ 21.5%&
+59v¢ +7.4% +21.9%>
CAT 321401 | 26.440.1° | 30.2:D.1 ARDIY | M0 | 227200 | 269901 [802 [<0.08
(mg/mb -178* £90% 43 11.8%% 293¢ 16204
+i4e +16.5%" +185
SOD 11.740.1 | $330.1° 13:0.4% 3500 | BRI | 2800 | 10.58.2%° 709 f<0.08
(my/md) 444’ 37.6%& ©92° 243%8 2614 103°&%
+1234% +184,0% +2750"°
MDA 18735131 230.741.1° | 1938317 238.451.8" [293, 7610 { 330.9x1.9 | 219.4+1.42°° |12571<0.08
(omalimU/h) +17.8¢ LYY +21* +41%& +81.5¢ A&
12.20% 10A4s* KTT

Results are presented ag means +SE and % of change.

a: Significant difference compared with control untrested groups at p<0.05.
b: Significant difference compared with ISMN treated groups of the same dase at p<0.05,
*: % of change compared with control untreated groups.

»%: % of change compared with ISMN trealed groups of the same dose.
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