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Abstract

Acute myocardial infarction (AMI) is a critical cardiovascular event due to its associated
complications and mortality. The pathogenesis of AMI is complex and usually an array of
biomarkersis needed for its diagnosis and prognosis. I n this study, we determined serum le-
vels of enzymatic markers of tissue damage including aspartate aminotransferase (AST),
lactate dehydrogenase (LDH) and creatine kinase (CK) and the markers of oxidative stress
including glutathione (GSH) and malondialdehyde (MDA) in 128 AMI| patients and 121
normal subjects. We also studied correlations between the above biomarkers and troponin-
T, age, gender, smoking and hypertension. The level of LDH was significantly higher in
AMI patients (246.49 + 9.30 U/L) as compared to control subjects (181.63 £ 5.77 U/L). Al-
though the levels of serum AST (29.07 + 2.06 versus 22.51 + 0.80 U/L) and CK (133.78
15.23 versus 121.30 + 11.93 U/L) were higher in AMI patients than controls, they did not
reach the significance level. There was a significant decrease in serum GSH and increase in
MDA levelsin AMI patients as compared to controls. There was no significant correlation
between any of the three enzymatic markers of the tissue damage and age indicating their
biomarker valueirrespective of the age group. However, gender appeared to be a confound-
ing factor while interpreting AST and CK as it showed a significantly negative correlation
with the female gender. There were highly significant correlations between troponin-T and
AST, LDH or CK. Although smoking was not correlated with any of the biomarkers stud-
ied, hypertension showed significant correlation with CK levels. In conclusion, serum LDH
issignificantly increased in AMI patientsthat can beregarded asan early predictor of tissue
damage. Both the markers of oxidative stressincluding GSH and MDA are significantly al-
tered in AMI so they can be used to evaluate oxidative stressin these patients. Further stud-
ies arewarranted to evaluate the prognostic value of these markersin AMI patients.
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| ntroduction infarction [2]. Following ischemia, ROS are proddce
during reperfusion phase [3,4]. ROS are capableaxt-
Acute myocardial infarction (AMI) is a key componefi  ing with unsaturated lipids and of initiating thelfsper-
the burden of cardiovascular disease due to itsceed petuating chain reactions of lipid peroxidation time
complications and mortality [1]. AMI is the consemee membranes [5,6]. In AMI, two distinct types of dagea
of the chronic development of atherosclerosis fesio occur to the heart: ischemic injury and reperfusigary,
Evidence suggests that reactive oxygen species YRO@hich lead to mitochondrial dysfunction in heafis§r].
may play important role in the pathogenesis in mydial  Diminished antioxidative defense after reperfustuas
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been found to be associated with impaired myochrdidetween the above biomarkers and the standardacardi
perfusion [8]. Oxidative stress may also lead ®odbvel- marker (troponin-T) as well as patients’ charasters
opment of serious complications such as left venlmr  including age, gender, smoking and hypertension.
remodeling after AMI [9] while the redox state ofemial

blood can be a predicting factor for left ventramufunc- Materialsand M ethods

tion after AMI [10].
We recruited 128 AMI adult patients (91 males, 87 f

Aspartate aminotransferase (AST) is an enzyme founchales) admitted to King Khalid University Hospitahd
mainly in the liver, heart, and muscles. AST iaslked Prince Sultan Cardiac Center of the Armed ForcespHo
into the blood by injured liver or muscle cells lisiused tal, Riyadh, Saudi Arabia. Patient exclusion ciiten-
primarily to detect liver damage. Lactate dehydrage cluded recent surgery, active infection, chronfaimma-
(LDH) is an enzyme found in almost all body tissaesl  tory diseases, diabetes, significant hepatic oalreys-
plays an important role in cellular respirationth®lugh  function and malignancy. We also included 121 ndrma
LDH is abundant in tissue cells however when tissaare  subjects for comparative evaluation of various pera
damaged by injury or disease they release more idiiH  ters. Peripheral blood samples were obtained afbhe

the bloodstream which can be used to screen feudis patients and controls. Sera were separated faurtabysis
damage. Another enzyme, creatine kinase (CK) i3 als of enzymatic markers of tissue damage (AST, LDH and
better indicator of heart or muscle damage. Asséye- CK) and markers of oxidative stress (GSH and MDA).
rum AST, LDH and CK are widely performed in thelgar Serum AST, LDH and CK were determined with standard
phase of suspected ischemic myocardial injury [CH. techniques using Cobas 8000 Analyzer (Roche Diagnos
is a reliable marker for prediction of infarct siaed left tics GmbH, Germany). Troponin-T was analyzed using
ventricular function in the acute phase as welbalsse- commercially available sandwich ELISA kit (Roche- Di
guent cardiac events after AMI [12,13]. Murthy dfar-  agnostics, Germany).

men [14] have found a significant correlation betwe
AST and troponin T in a series of 30 AMI patients. MDA was measured as thiobarbituric acid reactivie-su

stances [22]. Serum aliquots were mixed in ice-€blkb
Although cardiac troponin and CK appear to be tlmstm M potassium chloride and incubated at 37°C in aamet
sensitive and specific markers of myocardial injthgre ~ bolic shaker for 1 h. One milliliter of 10% (w/v)i-t
is a need of developing technologies for novel lzidaars chloroacetic acid was mixed with homogenate folldwe
or signatures discovery towards point-of-care ngsfor by centrifugation at 3000 rpm for 10 min. Aliquafs
future management of AMI [15]. Garcia-Pinilla etf#6] =~ mL) of the clear supernatant were mixed with 1 nfL o
have found higher plasma glutathione peroxidasexGP 0.67% (w/v) 2-thiobarbituric acid and placed inailing
activity in patients who experienced acute cororsny- ~ water bath for 10 min, cooled and diluted with 1 diik-
dromes and events during follow-up, suggesting @&x tilled water. The absorbance of the solution waemed
an independent predictor of events during follow-upat 535 nm.
Cheng et al [17] have suggested that plasma myelope ) )
oxidase (marker of inflammation) should be consideas "€ measurement of GSH in serum was carried out en-
a better marker for early diagnosis of AMI. A siirant zymatically accord_lng to the m(_)dlfled_pr(_)cedurerfren
increase in advanced oxidation protein productsRRpD [23]- The serum aliquot was mixed with ice-cold gieo-
has been found in AMI patients suggesting its us@a fc acid (0.2 M) containing 0.01% of EDTA. The ho-
marker of oxidative stress and as a prognostiofder ~ Mogenates were centrifuged at 10,000 rpm for 5 T,
severe forms of cardiovascular disease [18]. Barspal ~€nzymatic reaction is started by adding 200 plleérc
[19] have observed that advanced oxidation prqiega- ~ SUPernatant in a spectrophotometric cuvette cangin
ucts/thiol ratio may represent a reliable markeoxitla- 800 ML of 0.3 mM reduced nicotinamide adenine dinu-
tive unbalance in patients with acute coronary symee. ~ cleotide phosphate (NADPH), 100 pL of 6 mM 5,5-
Lorgis et al [20] validated a new free oxygen ratliest ~ dithiobis-2-nitrobenzoic acid (DTNB) and 10 uL 00 5
(FORT) to assess circulating ROS and concluded thatnits/ml glutathione reductase (all the above eesgy
oxidative conditions such as inflammation and diepe Were freshly prepared in phosphate buffer of pH.75e
are the major determinants of increased FORT vdlies absorbance was measured over a period of 3 midzt 4
patients with AMI. Ho et al [21] have suggestedtthanm at 30°C.
markers in combination are better for evaluatingoai o
dant status and monitoring cardiac events tharssime 1he data were analyzed by SPSS statistical padkage
markers used separately. In this study, we comptmed Sion 10). Mann-Whitney U test (_2—ta|led) was used t
serum levels of markers of tissue damage (AST, LDHSOMPpare means between the patients and contrads: Pe
CK) and markers of oxidative stress including ghiene SON and Spearman correlation tests were used toiesa
(GSH) and malondialdehyde (MDA) between AMI pa_correlatlons between various biochemical parameteds
tients and control subjects. We also studied catiozis
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age, gender, smoking, hypertension, and troponiR-T. higher in AMI patients (246.49 9.30 U/L) as compared

values <0.05 were considered as statistically Begmit. to control subjects (181.685.77 U/L) (Fig. 1). Although
the levels of serum AST (29.0f 2.06 versus 22.5%
Results 0.80 U/L) and CK (133.7& 15.23 versus 121.39011.93

_ U/L) were higher in AMI patients than controls, yhaid
The meant SD age of patients and controls were 5&84 not reach the significance level (Fig. 1). Theres\sasig-
12.95 y and 49.0% 15.25 y, respectively. The level of nificant decrease in serum GSH and increase innseru

o ] MDA levels in AMI patients as compared to controls
serum troponin in AMI patients was 0.7&30.196 ng/  (Fig. 2).

mL whereas all the controls had troponin valuedee$
than 0.003 ng/mL. The level of LDH was significgntl
Table 1. Correlations between various biomarkers and pasiecharacteristics.

Biomar ker Age Gender Smoking Hypertension Troponin-T
R P R P R P R P R P
AST 0.020 0.062 -0.162 0.012* 0.123 0.096 0.029 0.702 0.562 0.000*
LDH 0.098 0.180 -0.017 0.818 0.002 0.982 0.014 0.890 0.589 0.000*
CK -0.035 0.643 -0.261 0.000* -0.095 0.327 0.279 0.008* 0.442 0.000*
GSH -0.172 0.034* 0.068 0.403 0.141 0.223 0.188 0.158 -0.072 0.580
MDA -0.091 0.267 0.161 0.047* 0.040 0.729 -0.034 0.799 -0.097 0.458
*Statistically significant.
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Figure 1. Serum levels of enzymatic markers of tissue dammagentrols and AMI patients. *P<0.001 as comphte
control group using Mann-Whitney U test.

Age was significantly and inversely correlated walsH
140 4 B Control W AM . (R= -0.172, P=0.034) whereas there was no coroelati
between age and AST, LDH, CK and MDA (Table 1). A
significant correlation was observed between gemader
AST (R=-0.162, P=0.012), CK (-0.261, P=0.000) and
MDA (R=0.161, P=0.047) however gender was not eorre
lated with LDH and GSH (Table 1). There was no €orr
lation between smoking and any of the biomarkeud-st
ied. Hypertension was significantly correlated witiK
(R=0.279, P=0.008). There were highly significaotre-
lations between troponin-T and AST (R=0.562, P=0)00
LDH (R=0.589, P=0.000) and CK (R=0.442, P=0.000)
(Table 1).
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Figure 2. Serum glutathione (GSH) and malondialdehydey ,r results showed highly significant correlatiobe-

£*MDA) incontrols and AMI patients. *P<0.05 and yeen the standard cardiac marker troponin-T arid,AS
P<0.01 versus control groups using Mann-Whitney U by - and CK, indicating potential relevancy of thager

test. markers for predicting cardiac tissue damage, Qaatily
in the small clinics where troponin analysis fdgiis not
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cance [33]. While in AMI patients a significant rease

LDH in AMI patients as compared to controls howeverin serum MDA was observed in the days following the

there was no significant difference in AST and Cé& b
tween the two groups (Fig. 1). Experimental studyaits
has shown that elevation in the LDH enzyme actiuity
the serum correlated with a decrease in the actfitar-
diac muscle LDH [24]. Swain et al [25] have fouratt
CK:AST ratio is of limited use for the diagnosis AMI

in elderly patients. Gama et al [26] have suggethed
measurement of serum CK and AST on the first twgsda
of admission had a sensitivity of 100% and spetyfiof
86.8% for the diagnosis of AMI; this has been sster
as an optimal combination of cardiac enzymes taegeh
maximum sensitivity with the minimum number of &est
The ratio of m-AST to total AST in serum increasdir
myocardial infarction, being greatest (20%, rande 1
32%) on the third day after onset. For individugleak
activities of s-AST correlated well with total CK €
0.91) and CK-MB (r = 0.86) peak activities, indiogt
that s-AST also reflects the infarct size [27].patients
with AMI, measurement of AST provides diagnostie in
formation that differs from that obtained by detaration

acute event, reaching a maximum 6-8 days laternwhe
90% of the patients had values higher than the ruppe
normal limit of the control group [34]. The levais thio-
barbituric acid reactive substances (TBARS, prediof
MDA) were significantly increased and total antubeant
status was significantly decreased in AMI [35,3BE-
cently, Bagatini et al [37] have demonstrated aifizant
increase in TBARS and carbonyl protein levels arka
crease in nonenzymatic antioxidants such as vitatin
and vitamin E levels in 40 AMI patients when congghr
with the same number of normal subjects. The dignif
cantly higher level of MDA in patients with unstaldn-
gina and myocardial infarction than in the congobup
were attributed to significantly higher level ofgm cho-
lesterol, high blood pressure, smoking and incieb&sd|

in patients [36]. Intervention with antioxidant N-
acetylcysteine has significantly reduced MDA levils
AMI patients [38]. Oral administration of antioxiotal-
arginine significantly increased the activity opsuoxide
dismutase, total thiols and plasma ascorbate |exets

of CK and LDH enzymes and their isoenzymes [27} Rodecreased MDA levels in the sera of AMI patien®][3

tenberg et al [28] have suggested that AST shoeldds

termined in every patient with suspected AMI, eggdc  Oxidative stress has been regarded as one of teeimo
in patients admitted 48-72 h after onset of symtom portant contributors to the progression of athdevesis
when CK declines to near normal values. Cengizlet 440]. As a natural protective mechanism, myocardrgl-

[29] have reported a positive correlation betweerurs
LDH and CK levels in AMI patients. Our findings siy-
nificantly high levels of LDH and only slight in@ees in
AST and CK suggest that the former is a betterceior

oxidants inhibit or delay the oxidative damage twise-

guently prevents thrombosis, myocardial damageaand
rhythmias during AMI [41]. However, prolonged oxida
tive stress due to impaired balance between praokid

of early tissue damage after AMI. There was noifiign and antioxidant mechanism may lead to lipid peratah
cant correlation between any of the three enzymatiand tissue damage [42]. There has been a graduebse
markers of the tissue damage and age (Table Igatway in lipid and protein oxidation and a gradual desesn
their biomarker value irrespective of the age grddgw-  antioxidant status when the conditions advance fuom
ever, gender appeared to be a confounding factde wh stable angina to ST-segment elevation myocardfaldn
interpreting AST and CK as it showed a significantl tion [43]. Blaustein et al [44] have demonstratéett
negative correlation with female gender (Table Aly.  GSH is important in protecting the myocardium again
though smoking had no significant impact on thelewf ROS injury and a reduction in cellular GSH content
these biomarkers, a significant correlation betwegrer-  would impair recovery after short periods of isciem
tension and CK could negate the biomarker potenfial Experimental studies have shown protective effexdts
CK in hypertensive patients. antioxidants against myocardial infarction by intiity
inflammation and oxidative stress [45-47]. Admirasion
We observed a significant decrease in serum GSH ard antioxidants significantly reduced cardiac mlitgtain
increase in MDA in AMI patients (Fig. 2) indicatirg  patients with AMI [48]. Antioxidant vitamin treatme of
state of oxidative stress as reported earlier [§J0,8n-  AMI patients improves the antioxidant system and re
other study on 22 AMI patients and 15 controlsfoasid  duces oxidative stress, inflammatory process aftdém-
serum GSH levels to be significantly decreasedMbé  tricular remodeling [49].
levels significantly elevated [32]. The GSH/GSS@ora
indicative of redox status, was found to be loweAMI In conclusion, serum LDH is significantly increasid
patients [21]. The depressed GSH levels may becassoAMI patients that can be regarded as an early pi@dof
ated with enhanced protective mechanism to oxidativtissue damage. Both the markers of oxidative stiess

stress in AMI [32]. Although erythrocyte GSH leveals
patients with AMI were significantly depressed &%)
as compared to the controls on the second day iafter
farction, the total mean of GSH levels for all daypa-
tients (3.8% decrease) did not reach statistiogihifsi
18

cluding GSH and MDA are significantly altered in AM
so they can be used in tandem to evaluate oxidstiess
in these patients. Further studies are warranteddtuate
the prognostic value of these markers in AMI patien
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