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ABSTRACT 

OrganiC ntlrates arc nitric OXide donors used as vasodilators in cardiovascular dis­

euses. Hemoglobfrt binds to NO with great qfftnlty andJorms methemoglobin by oxida­

tion ill. the eryrhrocl1te, as a consequence an increase en reactive oxygen species (RUSJ 

as superoxfde and reactive nitrogen species (RNS) as peroxynirrite which may increase 

oxidatl.ue stress and lipid peroxidation and alter the erythrocyte antioxidant d€'fense 

system The aim oj the present work is to study SOrTie biDChemlcal effects oj organic nl' 

{rates on hemoglobin and to evaluate the rote oj vitamin C (AscorbiC acid) as an anttoxi· 

d.ant agent again.st the biochemical changes induced by different doses oj organic nl~ 

troles (isosorbfde mononitrateJ gillen orally to male rats. The results revealed (hat 

treatment with organiC nitrates caused marked e/eootion fn the leuel oj Upid peroxida­

tfon (eswnated by the amount oj MDA) and a decline in SOD. aSH and CAT uctiuities 

accompanied with an increase in [he rate oj hemoglobin autoxidation and a decrease in 

iron and TIBC. The results also demonstrated a mar/ced increase in hemoglob£n deriva~ 

ttves as methemoglobin and carboxyhemoglobin .. Treatment with ullamin C signiflcantly 

reduced the changes caused by organic nitrates in aU examined parameters. These re­
sults indicate that aUerations caused by organic nitrates are connected wit/t free radJ' 
cats gen.eratkm aOO 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 cardIovascular disease (Tommaso and 

John. 20(4). Organic nitrates are vasodilator 

drugs that cause the muscle in the 'Ralls of 

the blood vessels to relax. allOWing the vessels 
to dilate. Organic nitrates are nitrle oxide (NO) 
donors; in the vascular smooth muscle. nitric 
oxide Induces relaxation. resulting in vasodi· 

tatlon of arterJes and velns (Jonathan. lS96). 

Xenoblotics like organic nHrates and nitrites 
are wcll-knovm medicinal agents. but they 
may also eonstitute endogenous. naturally oc­
curring products of the reactions of NO, per­

oxynltIite and N02 with lipIds. and other bio­
mQlecules under oxidative and nltrosatlve 
stress (Adrian et aI .• 20(4). Therapy Mth djf­
ferent organic nitrates such as nitroglycerin. 
lSDsOrblde dinitrate and lsosoroide mononl­
trate leads to increases In oxidative stress 
(Thomas et at, 2007). Treatment with organ-
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lC nitrates stimulates the production of reac­
tive oxygen species (ROS) 'withIn the vascular 

tlssue (Mtlll:zel and Harrison. 1997). Super· 
oXide dlsmutase (SOD), catalase and glutathi­
one provide cellular protection agatnst the 
damage caused by free radicals and reactive 
oxygen species (ROS}. Measurement of these 
enzyme activities 1s an Ind!reet and noninV3-
sJve method that could be used to assess oxi­
datIve stress (Valko et 81 .• 2(06). Antioxidant 
enzymes in the blood are responSible to con~ 
vert methemoglobin baek to hemoglobin, and 
maIntain methemoglobin levels nonnally do 
not exeeed 1.0% (Margret et at., 2007). Or­
ganJc nItrates tnduced oxidaiJon of hemoglo­
bin (Hb) resulted In methemoglobin (MetHb) 
formaiJon and 02.- generaUon. wh1cl1 caused 
lipId peroxidalion (Mark.ovic.: et 81 •• 2006), Vi­

tamin C (AscorbiC acId) is a sugar acid with 
antiOXidant properties, ascorbate Is an anUox~ 
tdant., since it protects the body against oxida­
tIve stress and Is a cofactor In several vital en~ 
zymaUc reacUons (Padayatty et aI,. 2003). 

MATERIAL AND METHODS 
Fourty two mate wistar rats wetghlng about 

ISO-180g were used In these experiments. 
[sosorbJde _5_ monon1lrate (fSMN) was used 
as organic nJtrate. It was obtained In the fonn 
of tablets. dissolved to water and given orally 

at three different elevated doses (1.7 mgt kg. 
3.4 mgt kg. and 6.B msJ kg booy welgh~ for a 
perlod of 2 months. Vitamin C was dIssolved 
in water, appUed as a freshly prepared and 
given orally at a dose of (20 mg,! kg body 
weight). AnImals were dMded into seven main 
groups as fonow: Group (1) was the untreated 
control group, Group (2): given ISMN1.7 mg! 
kg. Group (3;: gtven ;SYlN1.7 mg!kg follo'W-ed 
by VItamin c. Group (4): given ISMN' 3,4 rug! 
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kg, Group {S}: given 15"11\ .3.4 mgt kg followed 
oy vitamin C, Group (6): given ISMN 6.8 mg/ 
kg. Group (7): given lSMr.; 6.B mgt kg followed 
by vitamin C. Blood was collccted to lnvcsti­
gate; Hemoglobin according to (Moore et aI" 

1981). Methemoglobin (Mitchell et aI., 

200l). carboxyhemoglobin. oxygen satura­
tion. and oxygen content (Zwart et al .• 1984), 

hematocrit (Brian et aI •• 2000), red blood 
cells (Rodak. 1995" white blood cells (Baker 

and SUverton, 19851. nitric oxidc (Montgoll'iw 

err and Dymoc.:k. 1961). glutt"lililOne {Beutler 
et aI., 1963}, catalase {Cohen et al., 1970), 

superoxide dl$mutase (Dechatelet et aL 
1974). malondlaldehydc (Draper and Hadley. 

1990,. iron and total iron binding capacity 
(Perrotta. 1984), InorganiC phosphorus 
{Tlea. 2004) and hemoglobIn autoxidation 
rate (Wallace. 1982), Data were analyzed us­
Ing SPSS program {~tatIsUcal Package for the 
Social SCiences} version 13, 

RESULTS 
Tn groups given ISMN a Significant de­

crease In hemoglobin, hematocrit, red and 
white blood celts, glutaililonc, catalase. super­
Oxlde dismutase. oxygen saturation. oxygen 
content. iron. total Iron binding capaclty, ni­
tric oxlde. and Inorganic phosphorus compar­
lng WIth control group. WhIle a Slgnificant !n~ 
erease tn methemoglobin, carboxyhemoglobin, 
malondlaldehyde, and hemoglobIn autoxlda·· 
tion rate, While In groups gIven vItamin C fol~ 

lOW1ng ISM~ Iii slgnJflcant increase In hemo­
globin. hematocrit, red and White blood cells. 
glutathione. catalase. superoxide dismutase. 
oxygen saturation. oxygen content Jron. total 
Iron bInding capac1ty, nitric OXIde, and inor­
ganiC phosphorus, While a significant de­
crease In methemoglobin, carboxyhemoglobin, 
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maloodialdehyde. and hemoglobin autoxida­

tion rate comparing v.ith groups given fSMN 

only of the same dose, 

DISCUSSION 
In the present study the decrease in hemo­

globin concentration may be due to the enect 
of nntie oxIde and nItrate ions llberated dur­
Ing Isosorbide mononltmte metabolism which 
can oxIdize hemoglobIn to methemoglobin 
(Bouchard et aI, 1992), While the antioxidant 
elTect of vitamin C that protects the blood 

from the oxidant effect of nitric oXide Induces 
an improvement in hemoglobin (Mary et aL, 

2005). Nitrate Ions liberated. during metabo­
lism of isosorbJde mononttrate can oxtdJze he­

moglobin Into rneUH:moglobin (EUzabeth. 
2007'. Llchstein et aI" (2000) reported an 
increase in methemoglobin concentratIOn us~ 
lug ordinary doses of organic nitrates, De­
cl't"--<lSing In methemoglobin concentraUOl1 by 
using vitamin C may be due to the antioXi­
dant effect of ascorbic acid (vitamin C). Jac· 
quellne tit al .. (2000) recorded that the re­

ducUon of meUlemoglobln to hemoglobin by 
vitamin C is the nonenzymatic patllway that 

reducing methemogtobm and protect erythro­

cyte and concluded that erythrocyle alone 

had a neglJglble ability to reduce methemoglo~ 
bin In the absence of exogenous aseorbate. 

Carboxyhemoglobin showed a signiOcant in~ 

crease In high doses on!y this may be due to 

the impairment In the antioxidant enzymes 

defense system of the erythroeyte which may 

ma.ke material changes in hemoglobin system 

by elevation of abnonnal hemoglobin deriva­
tives as carboxyhemoglobin {Erstenluk. 
2002;. MetJlemoglobinemla may also reduce 
the oxygen carrying capacity of the blood be­

cause methemoglobin cannot bind oxygen 
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which reduce .saturated o"'-'Ygen and oxygen 

content. This decrease is Significant in hlgh 

doses (Stepuro and Zlnchuk. 2006). Reduc­

tion of hematocrit. RBC. and wec may be a 
consequence of hemoglobin reduction and ox­
idative stress induC'cd by nitric oxide. Highly 
slgnlfieant decrease in the activIty of SOD, 

and SignIficant dCf:rease In GSH level and CAT 

adivily as well as very lllghly sIgnificant in~ 
crease in MDA concentration may be duc to 
tncrease of ROS and RNS these Intermedlales 

Illil.y participate in readlons gIving rise to free 
radicals which increase by increasing ISMN 
dose (ODs. 2006). Vitamin C aets as a frec 

radical scavenger mp.y redu<-'C the effect of free 

radicals (Sally et aI.. 2003). Reduction of to­
tal phosphate at the expense of its organic 

part Vtith a simultaneous Increase of the role 
of inorganic phosphate durlng Illcrease of 

methemogiobin In the erythrocytes after lradl­
tlonal therapy the methemoglobin levd COl!­
tinued to rise while inorganic phosphate> de­
creased In the erythroCYle. On the other 
hand, an improvement jn inorganic phosphor~ 

us may be due to the proteclive role of vita­
min C as an antioxidant which decrease lipid 
permddaUon and oxldaUve stress this protcc~ 

tive I'Ole Increase inorganic phosphorus con" 
eentratlon (Annette, 2002). 

The present study showed a slgnUlcant de­
crease in serum Iron concenlraUon and a sig­

nilkant decrease In total !ron blnding cllpacl­

ty [fISC) tn all [SMN treated groups. This 

result may he due to Ule nitric oxJde effects 

on blood which Increased willl ISMN dose and 
also may be due to oxidatiVe stl·ess induced 
by nitric oxide whIch may decrease serum 
iron and decrease total iron binding capacity 
(TlBC) (Joann, 2000). Choi et aI.. (2002] 
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recorded thal NO concentrations correlalcd 
Inversely with hemoglobin levels and that iron 
deficiency anemia increases with NO produc· 
tion, and elevated NO concentraUons in iron 
deflclency anemia return to normal with iron 
supplcmenlaUon. On the other hand. an 1m~ 
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provcmcnt effcct on serum Iron concentration 
and lotal iron binding capacity rrmc} was no· 
lieed by the effect of vitamin C. this lrnprove­
rncnt may be due to heneflclal efreet of vita­
min C to enhance Iron absorption {Shersten 
et at .. 2007}. 

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

r-~I 
.. ----~-~-. .. --~-~~-.~-.~-.~-. 

A.bnt! GtollPi ANOVA 
p.ramritrs'r-~~~ ._. ........,.--::: ilSMN ~ 

ton'" ISMN iSMN ,ISMN ISMN ISMN F p 
&.26mg Q,U+VitC •. !lmg O.!2+VltC :t.G4mg ,_VItC 

Hh IW ... -05 13.7t:W.U& 1..-1 ll.1b:f}.11- 14,51&08 11.19±f.11& 4JW:O.13 1"''' < .... 
(II·') ·UU- -4,8"& ~17.6· ~S,,.& ·21.4* ~U*& 

+6.!U +14,2'" +17.1·-

M ..... 0,15*0.03, t,01:W.QJ· ."~:3. t.7UO.041 1).5UO,04~ lA8;W.'''· Q,6::i,(J.(K' 3 .. < .... 
('I.) I ...... +187'& +1041' +246-& +lW- +300'& 

-$7.6 .... ~.8· .. ~1!.8 .. , 

HhCO ..,.....<>3 O.55±O.O3 0.184:0.05 0. ?ltfIJ),. o""",:or • "~,IU· o''''''':!'.:'"' " .. <0.0. 
(0/1) +57 •• ' '~20*& +1"- +12.-91& ..... ~1.41& 

-49'.1** i -41.1" ..,j8.ou 

SATo, 61.4:1:0.3 64.3:l:f1A 66.9:tO.6 61.-u.o,51 6UH.fi4~ 60.7::1:0.5- .~",,: .. 7.' <D.G5 
(%) -4,'. -fI.7·&' ~7.7· .2.4

1
" ~9,9" ~1.8*&: 

+4 ..... +5,6" +ll.l*'" 

I 0."- ,6.7"'" , .. "".,' l6.:U:O.04 15.8±O.o"- 16.1:tO,07· 1!.4.tO.l ~ I~~ 14.1 < ... , 
(o/~ ~I -1.4'& ...... ~3.6"& -7.S· .05,4*& 

. ~_L +1.!u +J.9" +2,7'" 

~, '--~,~ 

ReNlts .ve presenud as means:loSE and % of change. 
II: Significant diR'c'rtTloe oompa.red with toIltrol untreated groUpS atp<:O,OS. 
b: Significanl diffen::nce oompared with ISMN trtllted groups .,fthe Slime: d1>$e at p<O.05 . 
• : % of change ~ with COl'I\'rol unttelUed groups . 
... ; % of change coqlluod wilh ISMN treated groups of the same dose. 
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Table (2): Hematocrit, rod blood cells, white blood cells, nitric oxide, inorganic 
phosphorus, iron and total iron binding capacity 

Animal Group • .......... 
to.trot ISMN ISMN """ IS"" ISMN .',..., o.lii+V1tC ....... &$2+VJK: !, ..... 

U .. ... "'" 5O.Uf.6" $3.1:i:ttA' "',9:it$ !I, ........ 
(%) _lfMj* ..,1:." ~HI"* -9,' •• -t,.,6* 

+4,9"* +6.'" 
RllCulr ..... , .. ,_ .... 

5.2:;4,0 4.1:lO.04~ ''''',,,.' l.&W,05" 
-1&.0* -5.5"& -1"- .9.1~. ,,., .. 

... 18.1· ... +2].0.0. 

WllCu1~ , ..... '" 10.8:!O..t~ n.8:l:O~r 95':0.1' ll,:::~ •• 0:14,01" 
.1 .... -L'~. ·20.8* ·1.,·& ·3l.3* 

+9.3" "'13.1:·" 

NO ........... t~()(U' _ ... 
J .6'1~.00Ei· G.1~~ FA8:l'O.00.f' 

"""""') +fil.l'I~ +14.1*. +J9),9" ... 18.8-& ...28'1.5· 
-1:9.8·· ..e-4.," 

p, 8.1*'.81 1.&i1lO1" U~.Q4 7.1-14.01" 8.O1~.&1 6./t:I:{I,fJl" 
"""~) ·10,,3· . ..,., .. ~n.5* -7.9". -11.8" 

~.l" -+4.(1*--.. ........ 3t)(IM,:t.o' llB*J.4 1:1~' 316.~~ Zl65*1.t' 
".ldl) -11.5* -3.3'" • 19.6~ ,,(I."' • ·lJ..1'" 

+9.3" +16.1'" 

TIll<: t,Stt:t:6.oo1 OM9:t:6,OO~ UO'Uf-?Ol" &.416d1.oo1:" o.4~1 .... "" ... (1JII1df) .'-" ..0.11'". ... ... .1.$'"& _9,." 
+IH· ..... , ... 

Result! are pte!n:nted WI mean! ±SE and % of cltange 
II: Significant dlfI'«eru::e ~ with control untreated groups at p<Q.OS, 
b: Signilicant diffi::rtnee competed with ISMN!reared gttlupf oftl1e slime dose at p<O.05. 
-: % ot duuige compaud with control UIltreated groups. 
•• : % or clwtge OOTrlpIII"Cd with ISMN treAted gttlLlp$ of the SI.U!le dose. 

ANOVA 

ISMN • P 
U4+VltC 

53.~-: .... ",OS -U·. 
+11 ... 11-

... ~':" ,.,. ..... 
.I~*. 

+11.'" 1- 311 <II," 
-ll,,3"'''' 
+]8,0·-

o,8:f,O.~~~ 
+'l$,0· ... 

1843J4.&5 

"''1.7·· 

7,~i 1017 <o.o!l 
-9.1". 
+111.1" 

" <n "'" .J3.,'",& 
+1:'.6** 

!lA8£:I4.0Il1 "" 4,05 
-4.9·'" 
+S.lu 

JOg 
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Table (3): Glutathione, catalase, superoxide dismutase an malondialdehyde. 

AII'-I OnIVp. ,.-
(!OIIlml ISMN ISMN IS"'" ISMN ISMN ....... .. ,..we "'-"'" ...... - l.0.4m, 

GSH ......... J':nd.otJ" IMG.OOl" tJ:1::WMi' 13 ..OW"I-
(1II.1M1ILIW ·1'''- ·14.. ~& .". .. -i!J,o""&- -J5.tl'" .... ) 

~" .. +1, ..... 

CAT ll.t,J:O.1 UMll.l" lo.1ioe.t :u.w.l" "-"".1 u..7#t.l~ 

<- -11.8'" oW'" -14.3· -U,II~& -29.3· 
+1 ........ +16..5-• 

SOD lI.m.l '..5::i:O.I~ l,3:lO,l· .-.' ...... 1 ...... 1 ("" ... ..... -'1.6"'& -69j:'" 4".8*&- -16.1'" 

HU" +t44.o--~ 

MDA 111.3:i:t.3 220.1*1.1" J93.8±t.1 l38.4:kl.5" 2t3.1:1: .. I~ 339.9:1:1,'-
(fI-Vml/tl) +J1.8~ +J.,5.& +27j~ +14.1·& +lJI.5· 

_1l,2** • 10A"'· 

Rc8u1ts 1m presented Iii metU'lli:i;SE and % of change. 
&: Significant diff~ compared ~ith IXInlrol untnated groups at p<O,05. 
b: Signlfirantdilferenot compared with ISMN treallld group$ oithe same dose at p<O.OS. 
'; %ofchangc compared with control ~ groups, 
.. : % of clwlge ~ with ISMN trealcd groups aflne some dose. 
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IS"'" • P 
1_vt<C 

1.lW.t1 51' "'''' 11.'-&-

+11.'''' 

26.~.1"" .., 
C"'" 

·l~·& 
+18.5·· 

I ........ ,.. 
I"'" 

-10.3*" 

+115,tl'* 

21J.4:1:1~~ 
+11,{*& 

IlS?f3M!S 
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