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B
ACKGROUND – Recent clinical studies have 

suggested that -glutamyltransferase ( -GT) 

can trigger oxidative stress within the plaque. 

This study aimed to investigate whether serum -GT 

might be as a risk factor of coronary heart disease 

(CHD), and measure the associations of serum -GT 

with high sensitive C-Reactive Protein (hs-CRP), 

Oxidized LDL (Ox-LDL) and Glutathione Peroxidase 

(GPx).

METHODS: This study recruited 48 patients aged 

30-70 year who underwent coronary angiography at 

Haji Adam Malik Medical Center at Medan between 

February and April 2008 and who presented at least 

one coronary stenosis of > 50% of the luminar diameter. 

The sample subjects were consecutively selected. 

RESULTS: -Glutamyltransferase was positively 

associated (r = 0.546) with hs-CRP as a marker of 

chronic inflammation after careful adjustment for other 

established risk factors in CHD patient. But, there was 

no significant difference between -GT in male and 

female patients. Further, there were no correlations 

between -GT and Ox-LDL and GPx. Ratio of -GT/

GPx was measured as well, and it was associated with 

hs-CRP. 

CONCLUSIONS: Ratio of -GT/GPx was associated 

with inflammation process in coronary heart disease 

patients. 

KEYWORDS: -glutamyltransferase ( -GT); 

inflammation; oxidative stress, coronary heart 
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Introduction

In clinical practice -GT is commonly used as diagnostic 

test, in addition, it is considered to be an hepatobiliary 

index. Apparently in the past few decades, a lot of data 

reveals that -GT serum is a prognostic factor of death 

from CHD and recurrent myocardial infarction (1).

Autopsy result also shows the catalytic activity 

of -GT among the atherosclerotic plaque in cerebral, 

carotid and also coronary artery along with oxidized 

(Ox-LDL) and CD68+ in foam cell (3).

Ruttman et. Al. (2005) recruited 163.944 adult 

subjects in Australia during the last 17 years and 

showed that -GT serum was an independent marker 

of death due to cardiovascular diseases (4). 

Additionally, Whitfield et. al. (2002) showed a 

significant correlation between serum -GT with Body 

Mass Index (BMI), lipoprotein, glucose, insulin, and 

blood pressure (5,6,7).
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-GT is a protein on the cell surface-l. This enzyme 

is produced by a large number of tissue. This protein 

is carried by lipoprotein and albumin (8). This is an 

enzyme that takes charge of extracellular glutathione 

catabolism (GSH, -glutamyl-cisteinyl-glycine), 

thus its main role as an intra-cellular anti oxidant in 

mammals (3).

GSH is a non-protein intracellular link attacking 

free radical (9). GSH is a tripeptide that contains 

glutamic acid, cystein and glycin. This antioxidant effect 

is closely related with the cyctein molecular reduction. 

Intracellular content of GSH preserved by synthetic 

enzyme that regulates the formation of the particular 

tripeptide. Due to the high intracellular concentration, 

GSH will be taken out to the extracellular sphere. 

When it is located in the extracellular environment 

then consequently, the glutathione cellular uptake 

from within will decrease (10).

-GT will eliminate -glutamyl cluster from GSH, 

after CysGly splitting by dipeptidase membrane. 

Released Cystein (Cys) will be carried intracellularly 

and used as a substrate for de novo GSH synthesis. 

-glutamyl cycle is an important process to maintain 

the number of cellular GSH (11).

This enzyme involves in intra-cellular homeostasis 

to redraw GSH and leads to intra-cellular redox 

reactions (11). 

Even though the role of -GT accumulation in 

atherosclerotic plaques is not yet clearly established, 

presumably this substance will be associated with 

LDL-cholesterol oxidation. Extra-cellularly, -GT will 

function as an enzyme in GSH catabolism via linking 

reaction between glutamate and glycine. Afterwards, 

it will be taken intra-cellularly and used as precursor 

in GSH reformation (11).   

CysGly is a strong reducing agent to Fe3+ ion in 

the extracellular and also in the atherosclerosis plaque 

in such way that increase the Fe2+ production and 

thiol free radical. Subsequent reaction will increase the 

superoxide anion free radical. This particular reaction 

mediated by -GT obviously is able to catalyze the 

lipoprotein LDL oxidation. Stress oxidative reaction 

that mediated by serum -GT hold an important role 

in the atherosclerotic plaque formation and its stability 

(3).

Autopsy study showed that there was catalytic 

activity of -GT within atherosclerotic plaque in the 

cerebral, carotid and also in coronary artery in concert 

with LDL cholesterol oxidation and CD68+ in foam 

cell (3).

-GT also has pro-inflammatory characteristic, 

because it can transform leukotrine C-4 to leukotrine 

D-4. It also correlates positively with few cardiovascular 

risk factors, such as C-reactive protein (CRP) (15), 

fibrinogen, F2-isoprostane, and inversely related with 

the antioxidant quality (15,16), and consequently it 

would need further study to see whether -GT can be 

considered as a CHD risk factor, and to see the relation 

with the inflammation indicator, oxidative stress 

and antioxidant by looking at the hs-CRP study as 

inflammation indicator, GPx as antioxidant indicator 

and Ox-LDL as indicator for oxidized LDL (16).

Methods

SUBJECTS

Men and women patients (n=60) aged 30-70 years old 

who underwent coronary angiography at University 

of North Sumatera Medical Center – Haji Adam Malik 

– Medan North Sumatera consecutively between 

February 2008 and April 2008 and who showed at 

least one coronary stenosis of >50% of the luminar 

diameter were included in this study. Main exclusion 

criteria patients were first diagnosis of CHD >1 year 

ago, infection between the past 3 weeks, malignant 

disease, acute or chronic liver disease, alcoholic, 

anti–coagulant, anti-inflammation and antioxidant 

therapy.

All subjects underwent standardized interviews. 

All subjects gave written informed consent and the 

study was approved by the ethics committee of the 

University of North Sumatera – Medan. 

DATA COLLECTION

Venous blood was drawn in the morning under 

standardized condition for complete blood count and 

analysis of aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), hs-CRP, -GT, GPx and Ox-

LDL. In cases, blood drawing was done before the 

angiographic procedure. Blood from patients who 

showed least one coronary stenosis of >50% of the 

luminar diameter was centrifuged at 3000rpm for 15 

min, immediately aliquot and frozen at -20 oC until 

analysis at 12pm a clock. 

Patients who have normal AST, ALT and hs-CRP 

< 10 mg/dL were included in this study. -GT serum 

concentration were determine by colorimetric method 
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( -GT Dade Behring, catalog number 201682), Ox-

LDL was determined by ELISA (Ox-LDL, Mercodia 

Oxidized LDL-ELISA, catalog number 10-1143-01), 

GPx was determined by routine enzymatic Method 

(GPx, Randox).

STATISTICAL ANALYSIS

Statistical analyses were performed using computer 

program. Data analyzed with descriptive using 

univariate analysis for minimum, maximum and 

standard deviation. Furthermore, we used non 

parametric analysis, the Kolmogorov – Smirnov, to 

assess the each variable normally distributed or not. 

Each variable ( -GT, Ox-LDL and GPx) analyzed with 

statistical method to show whether there are difference 

respond to gender (male and female), age cluster (31-40 

years old; 41-50 years old; 51-60 years old; 61-70 years 

old), and inflammation degree (hs-CRP) (<1 mg/L 

(low), 1-3 mg/L (medium) and >3 mg/L (high)). We 

also used bivariat analysis the Spearman correlation 

Results

STUDY POPULATION

Of these 48 patients (stable CHD), 68.8% were men and 

31.3% were women. Table 1 gives more information 

about general and biochemical characteristic of 

patients.

to assess the correlation between -GT with hs-CRP, 

Ox-LDL and GPx. For Each variable ( -GT, Ox-LDL 

and GPx), differences between 2 groups (gender (men 

and women), age (31-40; 41-50; 51-60; 61-70), and 

inflammation levels ((hs-CRP) (<1 mg/L (low), 1-3 

mg/L (medium) and >3 mg/L (high)) were analyzed 

with Independent-Sample T Test when data were 

normally distributed and with Mann-Whitney U test 

when the assumption of normally was not met.

Table 1. General and Biochemical characteristic of patients

Characteristic N Mean SD Median Minimum Maximum

Age 48 54.48 7.968 54.50 38 69

BPS 48 134.85 17.998 133.50 110 180

BPD 48 87.83 13.701 86.50 68 150

SGOT 48 28.13 14.945 23.50 12 103

SGPT 48 29.92 19.298 23.50 11 110

hs-CRP 48 5.983 3.4528 7.1000 0.3 10

GPx 48 42.765 11.3907 41.400 7.3 76.2

Ox-LDL 48 65.5581 18.01970 62.6200 25.71 104.98

 

Age (year); BPS = Systolic Blood Pressure (mmHg); BPD = Diastolic Blood Pressure (mmHg); SGOT = Serum Glutamat Oxaloasetat 

se�siti�ity C Reacti�e Protei� (mg�L); GPx = Glutatio� Pero�sidase (��gH�); Ox-LDL = Oxidi�ed Lo� De�sity Li�o�rotei� (��L) .
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DIFFERENCES ANALYSIS

From the data processing in a test manner for non-

parametric Mann-Whitney U, not allowed for 

difference value of -GT to the gender cluster (male 

and female), which is P>0.05. Same result also showed 

from the result of  difference value of -GT from and 

against age cluster (31-40 years old; 41-50 years old; 51-

60 years old; 61-70 years old) by using the difference 

test non-parametric Kruskal-Wallis Test, showed that 

there are no mean difference -GT against the age 

cluster with the value P>0.05.

According to test result, differences between 

the value of -GT with the inflammation degree (hs-

CRP) (<1 mg/L (low), 1-3 mg/L (medium) and >3 

mg/L (high)) by using difference non-parametric test 

Kruskal-Wallis Test, shows that are mean differences 

the value of -GT on the three inflammation degree 

(P<0.05). Even though there are mean difference the 

value of -GT on the particular degree, but there are 

still few variable point that is still overlap, it need 

further study that are more sensitive to see a clear 

difference, by using Post Hoc-LSD test. This test result 

shows that a cluster of high inflammation degree (>3 

mg/L) shows a mean difference, mean while a cluster 

of low inflammation degree shows the contrary.

According to the Difference Test result by using 

Independent – Sample T Test, shows that the amount 

of GPx respond to gender variation (male and 

female), age cluster (31-40 years old; 41-50 years old; 

51-60 years old; 61-70  years old), and inflammation 

degree(hs-CRP) (<1 mg/L (low), 1-3 mg/L (medium) 

and >3 mg/L (high)), shows that there are no mean 

differences to the amount of GPx due to the gender 

variation (P>0.05) and age cluster (P>0.05). In contrary 

a further study on the age cluster by using Post Hoc-

LSD, shows that there are mean difference to the 

amount of GPx with the 51-60 age cluster and the 61-

70 age cluster. A mean difference also shows on the 

inflammation degree (P>0.05).

From the reference value of Ox-LDL (26 – 117 U/L) 

turn out to be there are none of the participant has 

an Ox-LDL amount that exceeds the reference value. 

From the test result from the Difference Test, the value 

of Ox-LDL against the gender variation (male and 

female), age cluster (31-40 years old; 41-50 years old; 

51-60 years old; 61-70  years old), and inflammation 

degree(hs-CRP) (<1 mg/L (low), 1-3 mg/L (medium) 

and >3 mg/L (high)) shows that there are no mean 

difference of the amount of Ox- LDL according to 

gender variation (P>0.05) and age cluster (P>0.05) 

and also to inflammation degree and mean differences 

between -GT with inflammation levels (low, mild and 

high) (table 2).

* = significant (p<0.05)

Table 2. Differences between each variable with genders, ages, and inflammation levels

Variable Genders
(Men & Women)

Ages (yrs)
(31-40)
(41-50)
(51-60)
(61-70)

Inflammation Levels
hs-CRP

(<1 mg/L)
(1-3 mg/l)
(>3 mg/L)

 

Hs-CRP (mg/L) P = 0.525 P = 0.734 -

Ox-LDL (U/L) P = 0.680 P = 0.831 P = 0.388

GPX (U/L) P = 0.777 P = 0.816 P = 0.705
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GPx, meanwhile in this research not involved a control 

for genetic variation, until the possibility of test result 

shows that relation between -GT and GPx that have 

not shown a mean relation (20).

Correlation Test on every each catagorial variable 

-GT with hs-CRP, Ox-LDL and GPx shows that there 

are escalation of -GT value, hs-CRP and Ox-LDL. 

This result in line with research done by Lim, et al that 

said there are relation between the escalation of the 

value of -GT serum with oxidative stress (16). And 

  gnorts  era ereht ,taht dias taht la te ,eeL yb yduts osla

relation between the escalation of value of -GT serum 

with the inflammation process (CRP) (17).

Explanation above have been proved by Accaouci 

et al whose explain about -GT is a key enzyme 

implicated in the homeostasis of intracellular reduced 

GSH and hence in the regulation of the cellular redox 

state. -GT-dependent ROS production induces 

the NF- B- binding and then activation activities. 

Furthermore, from this study we can show same result 

that -GT can triggering the inflammation process 

  ,seiceps negyxo evitcaer eht gnireggirt hguorht wollof

which prove by signi�cant correlation between -GT 

with hs-CRP and Ox-LDL (12).

Negative Linier correlation between -GT  and 

GPx from this research showed that negative linear 

relation between -GT and GPx shows that there are 

inverse relation between those two, it appropriate 

with a study done by Lee, et al (200�) that said that, 

-GT inversely related  with antioxidant concentration 

(carotenoids serum and tokoferol). According to 

Lee, et al -GT serum activity can increase the ROS 

production and trigger the inflammation process, 

which will suppress the antioxidant activity on 

cellular level (17). According to other source  said that 

antioxidant activity on cellular level also smitten with 

genetic factor (20).

Participant -GT�GPx ratio have a minimum 

point at 0.26 and maximum point at 6.12. From the test 

result there is no difference between -GT�GPx ratio 

regarding to gender variation and age cluster, but have 

a signi�cant difference to inflammation degree. �n this 

research we observe that -GT�GPx ratio has a mean 

linear relation with hs-CRP (P�0.0�), it strengthen a 

direct relation between -GT serum and GPx with the 

escalation of inflammation. �t reinforced by Categorical 

Correlation Test (low and high) between the ratio 

of -GT�GPx with hs-CRP. From this correlation 

test result we get odd ratio point at �,���, this result 

  hgih a htiw DHC elbats htiw tneitap eht taht swohs

-GT�GPx ratio there is chance that �,��� times for 

increasing the amount of  hs-CRP , compared to  with 

the patient with stable CHD  which have a low hs-CRP 

concentration.

This matter be in mutual record with Szmitko et 

el theory, CRP not only can be used as inflammation 

indicator only, also can act as disease mediator, this 

happen because CRP has a direct involvement to 

formation of pla�ue pathogenesis, pla�ue fragility, 

and also take role in the thrombosis process, and also 

can be used as endotel dysfunction indicator (20).

By observe a mean relation the ratio between -GT 

serum with GPx concerning the escalation hs-CRP, 

in other word the ratio of -GT�GPx can be used to 

predict the existence of inflammation process.

Conclusion
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