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During open heart operations, by the effect of cardiopulmonary bypass, a large number of reactive oxygen species, cytokines, and cy­
totoxic materials are released. Reactive oxygen species are extremely important for reperfusion injury in open heart operations. 
Reperfusion injury is the tissue necrosis after reexposition of tissue to oxygen at the end of cardiopulmonary bypass. There is multi-
defence system against reperfusion injury in the body including enzymes, endogeneous anti oxidants, and exogenius dietary anti-ox-
idants. In the present study we searched for blood levels of vitamin A, vitamin E, and vitamin C during coronary bypass operations. Ten 
patients undergoing coronary artery bypass grafting (CABG) are selected and serum levels of the three parameters before, during and 
after the operative compared. Results are corrected for the hemodilution during CPB and the leveis of the vitamin A are more or less 
the same before, during and after the operation whereas that of the vitamin E is slightly decreased. Vitamin C levels, unlike the other 
two parameters, decreased significantly (P<0.025) during and after the operation. It is concluded that, Vitamin E prophylaxis might be 
helpful for the low risk patients, therefore especially for those who require emergency CABG, Vit. C prophylaxis, and its addition to car-
dioplegic solutions is very important for reperfusion injury. 
[Turk J Med Res 1997; 15(2):64-67] 
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In c a r d i o v a s c u l a r su rge ry , the ef fects of c a r d i o p u l ­
m o n a r y b y p a s s ( C P B ) on heart i s very cr i t ica l . T h e 
w h o l e - b o d y in f lammatory reac t ion p r o d u c e d by C P B i s a 
major p a t h o g e n e t i c c a u s e for pos t -ope ra t i ve c o m p l i c a ­
t ions after c a r d i a c ope ra t i ons . T h e in f lammatory re­
s p o n s e h a s b e e n s h o w n to p r o d u c e a large n u m b e r o f 
reac t ive o x y g e n s p e c i e s , c y tok i nes , a n d other cy to tox ic 
ma te r i a l s . A m o n g t h e s e harmfu l fac to rs , the gene ra t i on 
o f reac t i ve o x y g e n s p e c i e s h a s g a i n e d a major interest 
(1-5). R e e x p o s u r e o f the t i s s u e to o x y g e n at the end of 
C P B p r o d u c e s a s o - c a l l e d " reper fus ion injury", w h i c h i s 
c a u s e d by reac t i ve o x y g e n s p e c i e s . A mu l t i de fense s y s ­
tem aga ins t injury i n d u c e d by reac t ive o x y g e n s p e c i e s 
inc lud ing e n z y m e s ( supe rox ide d i s m u t a s e ) (6,7), e n d o ­
g e n o u s an t iox idan ts (g lutath ione a n d s e r u m pro te ins) 
(8,9), e x o g e n i o u s d ie tary an t iox idan ts (e.g. v i tamin C, E 
a n d c a r o t e n o i d s ) (10) pro tec ts the body aga ins t rad ica l 
i n d u c e d in jur ies. 

T h e p u r p o s e o f this s tudy w a s to de termine whe the r 
there is a dep le t ion of v i tamin C, v i tamin E a n d v i tamin A 
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w h i c h cou ld a c c o u n t for the harmfu l ef fects o f reac t ive 
o x y g e n s p e c i e s i n o rgan dys func t ion after C P B . 

MATERIALS AND METHODS 
Ten pat ients undergo ing co rona ry ar tery b y p a s s o p e r a ­
t ions we re s tud ied . Wri t ten in fo rmed c o n s e n t w a s o b ­
ta ined . T h e pat ients a g e w e r e b e t w e e n 41 a n d 71 (mean 
55.50) 7 we re m e n a n d 3 w e r e w o m e n . Cha rac te r i s t i c s o f 
the pat ients, a re g i ven in Tab le 1. 

C P B w a s es tab l i shed with a s ing le two-s tage right 
atr ial v e n o u s c a n n u l a a n d an arter ial c a n n u l a i n the a s ­
c e n d i n g aor ta . Dur ing b y p a s s , m o d e r a t e hemodi lu t ion 
(hematocr i t 2 2 % to 24%) a n d m o d e r a t e hypo the rm ia (na­
s o p h a r y n g e a l tempera tu re o f 2 6 ° C ) w e r e u s e d . A m e m ­
brane oxygena to r (polystan) a n d as arter ial filter b e t w e e n 
the pump a n d the pat ient we re u s e d in al l sub jec ts . A 
rol ler p u m p (Sh i ley -S tocker t , M u n i c h G e r m a n y ) p rov ided 
a f low rate of 2.4 L / m i n / m 2 at no rmo the rm ia a n d of 1.2 
L / m i n / m 2 a t hypo thermia . 

B l o o d s a m p l e s we re d rawn at in terva ls of; 

5 1 ) on a d m i s s i o n 

5 2 ) after induct ion o f a n e s t h e s i a 

5 3 ) 30 min after the start o f opera t ion 

5 4 ) after 6 0 min o f C P B 

5 5 ) Immediate ly after C P B 

5 6 ) 2 4 hours after C P B 

5 7 ) a t d i s m i s s a l 
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Table 1. C h a r a c t e r i s t i c s of the pat ients . 

Mean Standard deviation Minimum Maximum 
Patient's age 55.50 10.61 41 71 
Aortic clamp time 20.70 min 7.69 min 9 min 35 min 
C P B time 28.40 min 10.05 min 12 min 47 min 
Number of the bypassed grafts 2.90 1.37 1 5 

Figure 1. Individual plasma vitamin A concentration before, dur­
ing and after C A B G . 

F o r a n a l y s i s o f p l a s m a ant iox idant concent ra t ion , 10 
ml of hepa r i n i zed b lood w a s cent r i fuged at 2 0 0 0 g for 10 
m inu tes a t r oom tempera tu re . An a l iquot o f 0.5 ml p l as ­
ma w a s m ixed with 4 . 5 m l m e t a p h o s p h o r i c ac id for the 
f luor imetr ic de te rmina t ion of v i tamin C by h igh perfor­
m a n c e l iquid ch romo tog raphy ( H P L C ) a s d e s c r i b e d b y 
B r u b a c h e r (11). V i t am in E a n d v i tamin A (retinol) we re 
ex t rac ted into n -hexane a n d a n a l y z e d by H P L C with a 
f luor imetr ic de tec to r (ext inct ion 2 9 0 n m , e m i s s i o n 3 3 0 
nm) (12). P l a s m a cho les te ro l a n d t r ig lycer ides we re d e ­
t e r m i n e d e n z y m a t i c a l l y b y a n a u t o m a t e d a n a l y z e r . 
P l a s m a v i tamin E de te rm ined enzymat i ca l l y by an auto­
m a t e d ana lyze r . P l a s m a v i tamin E concent ra t ions w e r e 
e x p r e s s e d as lipid s t anda rd i zed v a l u e s b e c a u s e they are 
d e p e n d e n t on the concen t ra t i ons o f cho les tero l a n d 
t r ig lycer ides that a re car r ie rs . Hemod i lu t ion of v i tamin E, 
v i tamin A a n d v i tamin C w e r e contro l led for by tak ing in ­
to a c c o u n t the hematocr i t , c rea t in ine , u rea and uric ac id 
v a l u e s . T h e M B i s o e n z y m e o f c rea t i nek inase ( C K - M B ) 
w a s m e a s u r e d b y a n an t ibody inhibit ion techn ique ( C K -
M B B o e h r i n g e r M a n n h e i m , Mont rea l ) . 

RESULTS 
T h e charac te r i s t i cs o f the sub jec ts a re s u m m a r i z e d in 
Tab le 1. 

P l a s m a ant iox idant s ta tus on hospi ta l a d m i s s i o n 
a n d the ef fects o f C P B are s h o w n in F i g . 1 to 4 . 

Initial v i tamin A concen t ra t i ons on hosp i ta l a d m i s ­
s ion w e r e on a v a r a g e abou t 0 .5 urnol /L . P l a s m a v i tamin 
A concen t ra t i ons d e c r e a s e d dur ing C P B a n d had not fu l ­
ly r e g a i n e d the p reope ra t i ve leve l a t d i s m i s s a l . T h e r e 
w a s n o s ta t is t ica l d i f fe rence b e t w e e n S 2 , S 3 , S 4 a n d S 5 . 
But for the rest v a l u e s the d i f ference w a s s ign i f icant 
(P<0 .025) . T h e p l a s m a v i tamin C concen t ra t i on w e r e in 
a v e r a g e abou t 4 0 u m o l / L (36 .0±19 .0 umo l / L ) . Dur ing 
a n d after C P B v i tamin C concen t ra t i ons d e c r e a s e d 
strongly. 

Figure 2. Individual plasma vitamin E concentration before, dur­
ing and after C A B G . 

mg/100ml 

Preop. Cannula. clamp* Clamp- 6.nr 12.hr 24.hr 

Figure 3. Individual plasma vitamin C concentration before, dur 
ing and after C A B G . 

Figure 4. C P B related time course of plasma concentration of 
lipid soluble essential antioxidants and of cholesterol. 

T h e p l a s m a v i tamin E concen t ra t i on d r o p p e d by 
abou t 4 0 % o r more dur ing C P B w h e n the hemodi lu t ion o f 
v i tamin E is not a c c o u n t e d for. Bu t there w a s no s ign i f i ­
can t t ime effect in lipid s t a n d a r d i z e d p l a s m a v i tamin E 
concen t ra t ions a t any t ime dur ing a n d after C P B . 

DISCUSSION 
T h e genera t ion o f react ive o x y g e n s p e c i e s is a major 
pa thogene t i c factor for t i s sue d a m a g e resul t ing f rom 
C P B . In the m y o c a r d i u m , h o w e v e r there a r e s e r i e s o f d e -
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f e n s e m e c h a n i s m s ab le to protect the ce l l aga ins t the cy ­
totoxic o x y g e n metabo l i tes . T h e s e inc lude the e n z y m e 
s u p e r o x i d e d i s m u t a s e ( S O D ) (6,7) and g lutath ione per­
o x i d a s e ( G P D ) (5), p lus o ther e n d o g e n o u s ant iox idants 
like - t ocophe ro l , v i tamin C- ca ro tene a n d cys te ine (10). In 
the p resen t study, therefore we have invest iga ted the ef­
fects o f C P B on p l a s m a concen t ra t ions o f the v i tamin C , 
E a n d ca ro tene in pat ients with co rona ry artery d i s e a s e 
unde rgo ing c a r d i a c opera t ions . 

T h e p resen t data conf i rm that v i tamin E c o n c e n t r a ­
tion w e r e not d e c r e a s e d dur ing a n d after C P B . S e v e r a l 
o ther inves t iga tors found that w h e n hemodi lu t ion a n d 
l i p id -s tandard ized v a l u e s we re not e x p r e s s e d they s h o w 
that v i tamin E concen t ra t i ons d e c r e a s e d signif icantly. 
H o w e v e r , w h e n the v i tamin E concen t ra t ions were ex ­
p r e s s e d in l i p id -s tandard ized va lues , taking into accoun t 
p l a s m a cho les te ro l a n d t r ig lycer ids, that are the carr iers 
o f l ip id -so lub le v i tamins a n d hemodi lu t ion and w a s co r ­
rec ted by m e a n s of the hematocr i t , they found no re le­
vant d e c r e a s e in v i tamin E concen t ra t i ons dur ing and af­
ter C P B . We be l ieve that on ly the lipid o r di lution adjust­
ed v i tamin E v a l u e is ind icat ive for the b io log ic v i tamin E 
s ta tus a n d ou r resul ts s u g g e s t that C P B d o e s not affect 
the v i tamin E s ta tus . 

T h e p l a s m a v i tamin A concen t ra t i ons a l s o d e ­
c r e a s e d dur ing C P B . B e s i d e v i tamin E , w e a l so s e a r c h e d 
for v i tamin A concen t ra t i ons in lipid s t anda rd i zed va lues 
and found s o m e re levant d e c r e a s e in v i tamin A c o n c e n ­
t rat ions dur ing a n d after C P B . T h e present interpreta­
t ions of v i tamin A and v i tamin E p l a s m a concent ra t ions 
are a c c o r d a n c e with that o f B a l l m e r a n d coworke rs w h o 
found no d e c r e a s e in p l a s m a v i tamin A a n d E c o n c e n t r a ­
t ions dur ing a n d after C P B (8). 

T h e p l a s m a v i tamin C concen t ra t i ons a l s o d e ­
c r e a s e d a t the beg in ing o f C P B and i t w a s a l so s u b s t a n ­
tially l ower w h e n hemod i lu t ion w a s cor rec ted by m e a n s 
o f hematocr i t l eve l , u rea , ur ic ac id a n d c rea t in ine , indi ­
ca t ing a true dep le t ion of this v i tamin. O u r conc lus i on is 
that the overa l l s ta tus of v i tamin C in the who le body w a s 
substant ia l l y a f fec ted b y C P B . 

V i tam in C dep le t ion m a y se r ious ly alter the b a l a n c e 
of the ent ire ant iox idant d e f e n c e s y s t e m and render the 
o r g a n i s m t o i n c r e a s e d ox idat ive s t ress dur ing C P B . 
B e c a u s e poo r v i tamin C concent ra t ion is a s s o c i a t e d with 
rhythm p r o b l e m s a n d c a r d i a c fai lure, v i tamin C deplet ion 
after C P B might p lay an important factor in the induct ion 
o f pos topera t i ve ca rd iac comp l i ca t i ons . 

Y a u a n d c o w o k e r s found that pretreatment with a l -
pha - tocophe ro l had a sma l l but s igni f icant effect on t is­
sue protect ion c o m p a r e d with p l a c e b o a n d s u g g e s t e d 
that ora l v i tamin E w o u l d not improve myocard ia l funct ion 
for low-r isk pat ients but i t might be benef ic ia l for the high 
risk pat ien ts s u c h as t h o s e requir ing urgent co rona ry 
revascu la r i sa t i on (13). 

T h e p resen t f ind ings of subs tant ia l v i tamin C d e p l e ­
t ion a re an e x t e n s i o n o f s tud ies on p l a s m a vi tamin C c o n ­
cent ra t ions . 

E F F E C T O F V I T A M I N L E V E L S O N R E P E R F U S I O N I N J U R Y 

Cri t ica l ly low v i tamin C concen t ra t i ons after C P B 
s u g g e s t e d that in mos t pat ients i t w a s ut i l ised in l a rge 
quant i t ies a n d that e v e n d e e p e r body s to res inc lud ing the 
m y o c a r d i u m w e r e l ikely t o h a v e been de fec ted . Th i s c o n ­
sumpt ion might h a v e occu r red by direct react ion with re­
ac t ive o x y g e n s p e c i e s or by regenera t ion o f other an t iox ­
idants l ike v i tamin E. W h e n taking into a c c o u n t that the 
overa l l s ta tus o f l iposo lub le ant iox idants they have no 
major c o n c e r n dur ing C P B . 

As i t w a s repor ted by Eddy , Hurv i tz a n d H o r c h s t e i n 
in t ravenous inject ion a t v i tamin C before C P B and a d d i ­
t ion to ca rd iop leg i c so lu t ions might be benef ic ia l (14). 
O u r conc lus i on acco rd i ng to the p resen t da ta is, v i tamin 
E a n d v i tamin C together are p romis ing c a n d i d a t e s for 
p rophy lac t i c a n d therapeut ic in tervent ions in c l in ica l c o n ­
di t ions dur ing C P B related reper fus ion injury. 
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