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������ ���� ������������������­����� DNA ���
���������������	�­	�������­�����������������­� 90 ��� �������­��� 
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Abstract 

Breast cancer (BRC) is a huge public health problem in Thailand since it is the first cause of 
cancer death in Thai women. Screening for BRC high risk group who will develop an early stage of this 
cancer using genetic risk factor follow by performing special laboratory check up and early treatment is 
an important way to decrease the mortality of BRC. Multidrug resistance 1 gene (MDR1) located on 
chromosome 7q21.12 encoded for P-glycoprotein (P-gp), an efflux-pump on cell membrane, to excrete 
carcinogen and drug from the cell. It has been reported that on exon 26 at nucleotide position 3435 of 
human MDR1 there is a single nucleotide polymorphic (SNP) by the substitution of Thymine base (T) to 
cytosine base (C) which yielded 3 genotypes,  CC genotype (wild type), CT genotype (heterozygous 
type) and TT genotype (mutant type). TT genotype carriers have been reported to be at higher risk than 
CC genotype carriers for several cancers. Thus, MDR1 (C3435T) polymorphism can be used as a 
genetic risk factor for screening of high risk group of BRC. However, MDR1 (C3435T) polymorphism 
detection by using the conventional polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) assay is complicated and time consuming which is not suitable for a mass 
screening. Recently, a Real Time Polymerase Chain Reaction (RT-PCR) using Taqman Probe (TP) 
assay has been established for a quicker method to improve these problems. Therefore, the purpose of 
present study is to establish the RT-PCR-TP assay for MDR1 (C3435T) polymorphism detection in 
BRC patients and confirm the results of this assay with the PCR-RFLP assay. Ninety DNA samples, 
extracted from peripheral blood leukocyte of Thai patients with BRC, were examined for MDR1 
(C3435T) polymorphism by using RT-PCR-TP and PCR-RFLP assay, respectively. The results of 
MDR1 (C3435T) polymorphism detection in all BRC cases by RT-PCR-TP assay were in complete 
concordance with PCR-RFLP assay (κ = 1.0). In addition, RT-PCR-TP assay was a simple, faster and 
cheaper method for MDR1 (C3435T) polymorphism detection than PCR-RFLP assay. The results of 
present study suggest that detection of MDR1 (C3435T) polymorphism by using RT-PCR-TP assay may 
be a convenient, faster, reliable and suitable method for screening of BRC high-risk group in Thai 
women. 
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scientists (http://graphpad.com)
24  ����������� 
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����	�����������	����� �� ­����
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0-0.4 ��	��������	�����������������
�������	��� 

�� ­����
�� κ = 0.4-0.8 ��	��������	�������������

����	��� ����� ­����
�� κ = 0.8-1.0 � �����	��������

���  

�	�������� 

������������������������� 90 �����­�
��������

����������������������������� 30-80 �� ���������

������������	������������ ��
�������������­�����

������­
�� MDR1  genotypes ������
�� κ  �����

����	������� RT-PCR-TP ��� PCR-RFLP �	���	����

���������­ 1 �� ­�����������­�����������­
�� MDR1  

genotypes ����������
�����������  MDR1 

(C3435T) polymorphism 	������� RT-PCR-TP 
	����

�������� DNA ���������������������� 90 ��� �����

������­
�������­�� genotype ���	 CC, CT ��� TT 

������� 13, 47 ���30 �� ������	�� (������ 14.4, 52.2 

��� 33.45 ������	��) ������
���������	������� 

PCR-RFLP �����������­
�������­�� genotype ���	 CC,  
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a
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	�� �
 ������	��	���	����   

CC = CC genotype, TT= TT genotype, CT = CT genotype, κ = kappa, CI= confidence interval
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  C  

������������ curve �
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�
����
 ������������ DNA-band 2 ����
  CC 
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������
 ���	������������������ MDR1  (C3435T) 

polymorphism  ���� CT genotype ������ 47 ��	 (��
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  C  ��� curve  

�
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����
 ������������  
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������������ curve �
  C ���	�­�� RT-PCR-TP 
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����
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������ 3. ����������������������������
������� MDR1 (C3435T) 
	������ RT-PCR-TP (A) ������������������ 

PCR-RFLP (B) ����	���� BRC ��
���	����������
	������������ � 2 �����������
������ κ  (95%CI ) = 1.0 (1.0-1.0)  

 ������������������������������
 DNA 

������
��	�
�����
��������������� MDR1 

(C3435T) polymorphism 

������ RT-PCR-TP 
������ 2 ������� ������������ PCR-RFLP �
����


������������� 6 ������� ���� ��������������������� 
RT-PCR-TP ���­��������������������­���� 	����
�����
��������������	�����
����������������
������
���� PCR-RFLP ���

�� (�������� 2)  

�������� 2 ����	����������������� RT-PCR-TP ��� PCR-RFLP ����������� MDR1 (C3435T) polymorphism  

�������� 
���������� 

(�����
�) 

���
�	
��������
 

(���
�
) 

��������	�
�	 

(��
���) 

��������
� ������������   

(���/�� ) 

RT-PCR-TP 2 1 6 500 

PCR-RFLP 6 6 4 600 

 

	­���� �� 

          BRC ����������­����

��������������

������ �� ����������������������������
�������

������ �� �������������������������­���
���
 BRC  

��� ������	����
 	����
������������������

��������� (polymorphism) �������������������������

��������������­���
���
 BRC 

�� ����������� 

MDR1 (C3435T) polymorphism ���������������

(A) 

(B) 
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MDR1 (C3435T) polymorphism �
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����  RT-PCR-TP ���
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RFLP �������������
����������
��������������

����������������������  MDR1 (C3435T) 

polymorphism ��������
��
������� ���� (κ =1.0) ���

����  RT-PCR-TP ����������
�������� ���
 ����������

��������������� 2 ����­�� ���� RT-PCR-TP 
��


��
������������� Turgut S ������23 ­����� 

primers ������ PCR product ���  MDR1 (C3435T) 

polymorphism �����
��
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����� 

PCR reaction mixture ���
 RT-PCR reaction mixture 

������­������������ RT-PCR ����������  ���� 

RT-PCR-TP ����
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� ���  ������ � �
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������������ � �� ���� �

����� ���� �� ����  PCR-RFLP �
����������
������
��


������ RT-PCR-TP �
��������� MDR1 (C3435T) 

polymorphism �����������
��
������  gel 

electrophoresis ���������
��� DNA �
 agarose gel 
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RT-PCR-TP �������� reaction mixture reagent ���

�����������
������
������������������������������


� � � ��� � 
�� � � � � � � �� � �� �� �� � �� � � �� � � � ��   
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���������  MDR1 (C3435T) 

polymorphism ��������  RT-PCR-TP ����������������
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RT-PCR-TP ���
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Thai J Toxicology 2012						        	                           		             52                                                                                                                                



 

���������������� BRC ��� �
�� 
.�. 2553 Cizmarikova 

M �����������
���  MDR1 (C3435T) 

polymorphism ���������
�
���� ��������������������

­������������
��
�����������­���� ­��
 ����������� 

TT genotype ����������������������­������������
�

��������������� CC genotype ������  2.12 ���� (OR=2.12, 

95%CI=1.12-4.03)
22
 ��������
����������� MDR1 

(C3435T) polymorphism �
����� ���������

�������������
�������
���­��
��������������

���������������
�������������� BRC  �
���������� 

���
�
��
����������
��
�������������� MDR1 

(C3435T) polymorphism �������� PCR-RFLP ���
�


��� �
�������������� ������������������������������


��������
��������
���������� ������������


 �����������
��������������������������������


���
�
������ �
������������������������ ���
 ������

����
�
 (6 ����­��)  ���
��
���
��
�������������� 

MDR1 (C3435T) polymorphism �������������������
 

��������  RT-PCR-TP ������������������ ���
 ���� 

�����
 ��������������
��������������
�����������

���­��
��
���
��������
��������
����������� ����

��
 �����������
����������
���������
�
�
���

����� 

          �
������������ �
�������
��
���������� 

MDR1 (C3435T) polymorphism �
������� BRC ����

����  RT-PCR-TP ���
����­������� ���� �� ����  PCR-

RFLP �������������
����������
��������������

����������������������  MDR1 (C3435T) 

polymorphism ��������
��
������� ���� (κ =1.0) ���

����  RT-PCR-TP ����������
�������� ���
 ����������

��������������� 2 ����­�� ���� RT-PCR-TP 
��


��
������������� Turgut S ������23 ­����� 

primers ������ PCR product ���  MDR1 (C3435T) 

polymorphism �����
��
 ����������� ������

����� 

PCR reaction mixture ���
 RT-PCR reaction mixture 

������­������������ RT-PCR ����������  ���� 

RT-PCR-TP ����
�������������
��
 ������ ���
 

� ���  ������ � �
�
������������ � �� ���� �

����� ���� �� ����  PCR-RFLP �
����������
������
��


������ RT-PCR-TP �
��������� MDR1 (C3435T) 

polymorphism �����������
��
������  gel 

electrophoresis ���������
��� DNA �
 agarose gel 

�����������������
����� �������������
 ����������� 

RT-PCR-TP �������� reaction mixture reagent ���

�����������
������
������������������������������


� � � ��� � 
�� � � � � � � �� � �� �� �� � �� � � �� � � � ��   

          ����� �
���������  MDR1 (C3435T) 

polymorphism ��������  RT-PCR-TP ����������������


��
����
���
��������
������� PCR-RFLP �
���������� 

RT-PCR-TP ���
������������ ���
 ����������
������� 


�����
���������
�
���������� RT-PCR-TP ��  

 

������������������� ��
��������

����
�	���������
	�� 

real-time PCR ��
��������������� ���������	�������

��
	������  real-time PCR �����
������������������� 

PCR-RFLP ������� ���������
������ 
��­
���� 

MDR1 (C3435T) polymorphism �������� RT-PCR-TP 

����������	����������������­��������	�� �����

�

�������������­����
���� BRC ����������­�������

�
�	
������
����	����������������  �������

����������������­ 

          �������
������
�������
����������
­
���� 

MDR1 (C3435T) polymorphism ��������� BRC ����

����  RT-PCR-TP 	�� ����������������������������
���
� 

���������� ����� 
���
�� ����
�������������������

����  PCR-RFLP �����������  RT-PCR-TP �������������	����

�����������	������������­
���� MDR1 (C3435T) 

polymorphism ����
����
­
������
�������	������

������������� BRC ���
��	��	���� 

��������������� 

��
�����������
����
������������	�����

���������
��������­� ����� 
���������������


���������
��������­�	�������
���������������������

���­��� �������������������	������������������ 

�������� ������	�� �������������

� ��������

��������������
 ������������	���������
���	� 

���������
��������­� 	����������������
�������

­���� �����������������
�������������   

������������� 

1. Garcia M, Jemal A, Ward EM, et al. Global 

Cancer Facts & Figures 2007. Atlanta, GA: 

American Cancer Society, 2007. 

2. Khuhaprema T, Srivatanakul P, Attasara P, et al. 

Cancer in Thailand,Vol. V, 2001-2003, Bangkok, 

Thailand, 2010. 

3. ���­�����
����  .�. 2550 ������­�����
���� 

��������������
�	
��  �
�	
������
���� 

4. Greene FL, Page DL, Fleming ID, et al. Cancer 

staging manual. 6th ed. New York: Springer; 

2002. 

5. Atalay C, Deliloglu GI, Irkkan C, et al. Multidrug 

resistance in locally advanced breast cancer. 

Tumour Biol 2006; 27: 309-18. 

6. Gottesman MM, Fojo T, Bates SE. Multidrug 

resistance in cancer: role of ATP-dependent 

transporters. Nat Rev Cancer 2002; 2: 48-58. 

7. van der Deen M, de Vries EG, Timens W, et al. 

ATP-binding cassette (ABC) transporters in 

normal and pathological lung. Respir Res 2005; 6: 

59-74. 

8. Linn SC, Giaccone G, van Diest PJ, et al. 

Prognostic relevance of P-glycoprotein 

วารสารพิษวิทยาไทย 2555 							        		                           53                                                                                                                                



 

expression in breast cancer. Ann Oncol 1995; 6: 

679-85. 

9. Decleves X, Fajac A, Lehmann-Che J, et al. 

Molecular and functional MDR1-Pgp and MRPs 

expression in human glioblastoma multiforme cell 

lines. Int J Cancer 2002; 98: 173-80. 

10. Sakaeda T. MDR1 genotype-related 

pharmacokinetics: fact or fction? Drug Metab 

Pharmacokinet 2005; 20: 391-414. 

11. Kimchi-Sarfaty C, Oh JM, Kim IW, et al. A 

�silent� polymorphism in the MDR1 gene 

changes substrate specificity. Science 2007; 315: 

525-8. 

12. Hoffmeyer S, Burk O,  von Richter O, et al. 

Functional  polymorphisms  of  the  human 

multidrug-resistance  gene: multiple  sequence  

variations  and  correlation  of  one  allele  with  

P-glycoprotein  expression  and activity in vivo. 

Proc Natl Acad Sci USA 2000; 97: 3473-8. 

13. Leslie EM, Deeley RG, Cole SP. Multidrug 

resistance proteins: role of P-glycoprotein, MRP1, 

MRP2, and BCRP (ABCG2) in tissue defense. 

Toxicol Appl Pharmacol 2005; 204: 216-37.  

14. Ebert B, Seidel A, Lampen A. Identification of 

BCRP as transporter of benzo[a]pyrene 

conjugates metabolically formed in Caco-2 cells 

and its induction by Ah-receptor agonists. 

Carcinogenesis 2005; 26: 1754-63.  

15. Enokizono J, Kusuhara H, Ose A, et al. 

Quantitative investigation of the role of breast 

cancer resistance protein (Bcrp/Abcg2) in limiting 

brain and testis penetration of xenobiotic 

compounds. Drug Metab Dispos 2008; 36: 995-

1002.  

16. van Herwaarden AE, Wagenaar E, Karnekamp B, 

et al.  Breast cancer resistance protein 

(Bcrp1/Abcg2) reduces systemic exposure of the 

dietary carcinogens aflatoxin B1, IQ and Trp-P-1 

but also mediates their secretion into breast milk. 

Carcinogenesis 2006; 27: 123-30.  

17. Sarkadi B, Homolya L, Szakacs G, et al. Human 

multidrug resistance ABCB and ABCG 

transporters: participation in a chemoimmunity 

defense system. Physiol Rev 2006; 86: 1179-236.  

18. Ambudkar SV, Dey S, Hrycyna CA, et al. 

Biochemical, cellular, and pharmacological 

aspects of the multidrug transporter. Annu Rev 

Pharmacol Toxicol 1999; 39: 361-98.  

19. bu-Qare AW, Elmasry E, bou-Donia MB. A role 

for P-glycoprotein in environmental toxicology. J 

Toxicol Environ Health B Crit Rev 2003; 6: 279-

88.  

Thai J Toxicology 2012						        	                            	                          54                                                                                                                                 



 

20. Mizutani T, Masuda M, Nakai E, et al. Genuine 

functions of P-glycoprotein (ABCB1). Curr Drug 

Metab 2008; 9: 167-74.  

21. Johnstone RW, Ruefli AA, Smyth MJ. Multiple 

physiological functions for multidrug transporter 

P-glycoprotein? Trends Biochem Sci 2000; 25: 1-

6. 

22. Cizmarikova M, Wagnerova M, Schonova L, et 

al. MDR1 (C3435T) polymorphism: relation to 

the risk of breast cancer and therapeutic outcome. 

Pharmacogenomics J 2010; 10: 62-9. 

23. Turgut S, Yaren A, Kursunluoglu R, et al. MDR1 

C3435T polymorphism in patients with breast 

cancer. Arch Med Res 2007; 38: 539-44. 

24. QuickCalcs online calculators for scientists. 

Available at  

http//graphpad.com/quickcalcs/kappa.cfm. 

Accessed November 15, 2008. 

25. Jeffy BD, Schultz EU, Selmin O, et al. Inhibition 

of BRCA-1 expression by benzo [a]pyrene and its 

diol epoxide. Mol Carcinog 1999; 26: 100-18. 

26. Goth-G oldstein R, Stampfer MR, Erdmann CA, 

et al. Interindividual variation in CYP1A1 

expression in breast tissue and the role of genetic 

polymorphism. Carcinogenesis 2000; 21: 2119-

22. 

27. Spurdle AB, Fahey P, Chen X, et al. Pooled 

analysis indicates that the GSTT1 deletion, 

GSTM1 deletion, and GSTP1 Ile105Val 

polymorphisms do not modify breast cancer risk 

in BRCA1 and BRCA2 mutation carriers. Breast 

Cancer Res Treat 2010; 122: 281�5. 

28. Lichtenstein P, Holm NV, Verkasalo PK, et al. 

Environmental and heritable factors in the 

causation of cancer-analysis of cohorts of twins 

from Sweden, Denmark, and Finland. N Engl J 

Med 2000; 343: 78-85. 

29. Brody JG and Rudel RA. Environmental 

pollutants and breast cancer. Environ Health 

Perspect 2003; 111: 1007-19.  

30. Morabia A. Smoking (active and passive) and 

breast cancer: epidemiologic evidence up to June 

2001. Environ Mol Mutagen 2002; 39: 89-95. 

31. Office on Smoking and Health (US). The health 

consequences of involuntary exposure to tobacco 

smoke: a report of the Surgeon General. Atlanta: 

Centers for Disease Control and Prevention (US), 

2006. 

32. Zhu HH, Gao YT, Blair A, et al. Secondhand 

smoke and breast cancer risk: a community-based 

prospective cohort study. Am J Epidemiol 2006; 

163 (Suppl) (11): S98. 

วารสารพิษวิทยาไทย 2555 										                    55                                                                                                                                



 

33. Morabia A. Active and passive smoking in breast 

cancer. Epidemiology 2002; 13: 744-5. 

34. Persson I, Weiderpass E, Bergkvist L, et al. Risks 

of breast and endometrial cancer after estrogen 

and estrogen-progestin replacement. Cancer 

Causes Control 1999; 10: 253-60. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

35. Lu PH, Wei MX,  Yang J,  et al. Association 

between two polymorphisms of ABCB1 and 

breast cancer risk in the current studies: a meta-

analysis. Breast Cancer Res Treat 2011; 125: 

537-43. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thai J Toxicology 2012						        	                           	             	            56                                                                                                                                



 

Relationship Between Blood Pressure and Changes of Serum Gamma-
Glutamyltransferase with Alcohol Consumption 
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Abstract 

Serum gamma-glutamyltransferase (GGT) activity is a biological marker of alcohol 
consumption and its important role related to antioxidant molecule, glutathione which influence on 
elevation of blood pressure and the development of hypertension.  The aim of this study was to 
investigate the relationship between alcohol consumption and the influence of serum GGT on the risk 
for hypertension in Thai men. A cross-sectional study was conducted with 260 men, 30 to 60 years of 
age.  The health assessments at study entry included medical history, physical examination, blood 
pressure measurement, biochemical measurements and a questionnaire on health-related behaviors. The 
results showed that blood pressure (both systolic; SBP and diastolic blood pressure; DBP), serum levels 
of GGT, AST and ALT among current drinkers were statistically higher than non-drinkers and ex-
drinkers. Further analysis with 4 quartiles of GGT levels after adjusted for age and BMI, marked dose-
response relationships among SBP (Q1; 125.3 mmHg, Q2; 129.6 mmHg, Q3: 135.1 mmHg, and Q4; 
137.3 mmHg, respectively), DBP (Q1; 77.12 mmHg, Q2; 81.20 mmHg, Q3: 84.07 mmHg, and Q4; 
85.51 mmHg, respectively) and serum ALT (Q1; 18.25 U/L, Q2; 22.34 U/L, Q3: 32.95 U/L, and Q4; 
52.49 u/L, respectively) with serum GGT levels were found. Moreover, the positive correlations 
between quantity of alcohol intake and targeted parameters were found as seen by increased serum GGT 
levels with SBP in moderate drinkers (p=0.028) and with SBP, triglyceride and ALT levels in high 
drinkers (p=0.019,0.033, and 0.047, respectively). The highest incident of hypertension was found in 
drinkers followed by ex-drinkers and non-drinkers (abnormal SBP; drinkers 37.79%, ex-drinker 13.39% 
and non-drinkers 5.51% and abnormal DBP; drinkers 28.35%, ex-drinkers 9.45% and non-drinkers 
5.51%, respectively). Among subjects with GGT < 50 U/L, the risk of hypertension was lower than 
those with GGT ≥ 50 U/L. This study showed that increased GGT levels could be a predictor for 
hypertension in drinkers and the relationship between alcohol consumption and BP was more prominent 
among those with GGT ≥ 50 U/L.  
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Introduction 

An important potent factor for the 
development of hypertension is excessive 
alcohol consumption.    Previous studies 
reported the relationship between alcohol 
consumption and blood pressure. Systolic and 
diastolic blood pressure in the moderate and 
heavy drinkers (consuming 24 - 46 and > 47 g 
alcohol per day, respectively) were both 3-5 
mmHg higher than those in the non-drinkers1.
Gamma-glutamyltransferase (GGT) is an 
enzyme synthesized in epithelial cells of the 
intra-hepatic duct and a well-known biological 
marker of alcohol abuse and / or liver damage2. 
The significant association between serum 
GGT level within its normal range and the 
presence of diabetes, hypertension, obesity, 
dyslipidaemia and metabolic syndrome was 
found3. Moreover, Lee, et al.4 reported a clear 
dose-response relationship with alcohol 
consumption for healthy male workers with 
GGT ≥ 30 U/L and the adjusted changes in 
blood pressure. Among those with GGT ≥ 30 
U/L, the adjusted relative risks for hypertension 
in light, moderate and heavy drinkers were 1.4 
(95% CI: 0.5-4.5), 5.2 (95% CI: 1.5-18.0), and 
5.3 (95%CI: 1.0-27.6), compared with non-
drinkers4.  

Serum GGT level might be a modest 
risk factor for hypertension among drinkers. 
However, the mechanism underlying these 
observations is not fully understood. Some 
possible mechanisms have been mentioned as 
elevation of GGT level related to hepatic cell-
membrane damage (resulting in increased 
blood pressure) via oxidative stress pathway, 
rather than enzyme-induction. An experimental 
study indicated that GGT cleavage of 
glutathione (GSH) and the subsequent 
recapture of cysteine and cystine allow cells to 
maintain low levels of cellular ROS and 

thereby avoid apoptosis induced by oxidative 
stress5.   

Thailand was ranked at number 40 in 
the world statistic on per capita alcohol 
consumption in 2001 by the World Health 
Organization (WHO) Statistical Information 
System6. Current report by Assanangkornchai 
et al. described patterns of alcohol consumption 
in the Thai population (11,348 households and 
26,633 respondents from 29 Provinces) by 
using a structured interview questionnaire, 
including information on pattern of alcohol 
consumption, Alcohol Use Disorder 
Identification Test (AUDIT).  Based on the 
AUDIT score, 6.7% of the Thai population 
could be classified as hazardous drinkers, 0.9% 
as harmful drinkers and 0.6% as probable 
alcohol dependents. The median drinking 
intensity was 50.8 g in men and 25.4 g in 
women7. Along with these data, adverse health 
burden with increased alcohol intake in Thai 
population may need to be taken into 
consideration. The aim of this cross-sectional 
study was to investigate the relationship 
between alcohol consumption and the effect of 
serum GGT on the risk for hypertension in Thai 
men. 

Materials and Methods 

Study population and measurements 

 Study participants were employees at 
official and private universities resided in 
Bangkok. Subjects included 260 Thai men, 30 
to 60 years of age. Men, who reported 
consuming alcohol beverage average one time 
per week or more for 3 years, were regarded as 
drinkers. Ex-drinkers were defined as 
abstainers for the past 1 year and over. Subjects 
were classified as light, moderate, or high 
drinkers who averaged < 14.9 g/d, 15.0 to 29.9 
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g/d, or ≥30 g/d of ethanol. The exclusion 
criteria were individual with acute or chronic 
kidney, liver and cardiovascular disease with 
drug treatment, suffering various type of 
cancer, history of alcohol abuse and 
malignancy, undergoing medical treatment of 
hepatitis. This study was approved by the 
Institutional Review Board at Rangsit 
University. All subject were signed inform 
consent before participating in this study.  

 Questionnaires were used to assess 
information on demographic, medical, and 
lifestyle factors including medical and family 
history, cigarette smoking, and alcohol 
consumption. Blood pressure was measured, 
after a 5-min rest, on the right arm in the sitting 
position with a standard mercury 
sphygmomanometer. Body mass index (BMI) 
was calculated as the weight in kilograms 
divided by the height in meter squared. 
Participants were asked to fast at least 12 h and 
blood was collected from the antecubital vein 
and measured within 3 hours of blood 
collection. Serum levels of total cholesterol 
(TC), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol 
(HDL-C), triglycerides (TG), aspartate  
aminotransferase (AST), alanine 
aminotransferase (ALT), GGT, and glucose 
were determined using an automatic analyzer 
(Roche Cobas 6000).   

Statistical analysis 

 Overall analyses were carried out on 
SPSS version 13 (SPSS Inc., Chicago, Il, 
USA). Data were expressed as mean and S.E. 
Associations between serum GGT and other 
parameter were analyzed by quartiles (Q1, 8-20 
U/L; Q2, 21.01-38.00 U/L; Q3, 38.01-67.00 
U/L, and Q4, > 67.01 U/L). Pearson’s 

correlation was used for analysis of association 
between serum GGT, BP, and other 
biochemical values in different types of 
drinkers. Moreover, serum GGT levels were 
divided into two categories; normal was 
defined as value below 50 U/L, and abnormal 
with value ≥ 50U/L. One-way analysis of 
variance (ANOVA) was used for comparison of 
three groups related to alcohol consumption 
and 4 quartiles of GGT levels. The P-values 
used are two-sided, and values < 0.05 were 
regarded as statistically significant. 

Results 

The clinical characteristics of the study 
population according to alcohol consumption 
are presented in Table 1. The mean age of non-
drinkers (n=83), ex-drinkers (n=47) and current 
drinkers (n=130) were 43.40, 45.34 and 39.75 
years, respectively. Drinkers in this present 
study were significantly younger than the other 
2 groups (p< 0.05). Moreover, SBP, DBP, 
serum levels of GGT, AST and ALT among 
current drinkers were statistically higher than 
non-drinkers and ex-drinkers. For lipid profile, 
HDL-cholesterol and triglyceride levels in 
drinkers were significantly higher than ex-
drinkers levels (55.43 mg/dL for drinkers vs 
49.91 mg/dL for ex-drinkers, p<0.05) and non-
drinkers levels (148.2 mg/dL for drinkers vs 
130.1 mg/dL for non-drinkers, p<0.05), 
respectively, in contrast to LDL-cholesterol 
levels (129.6 mg/dL for drinkers vs 138.9 
mg/dL for ex-drinkers, p<0.05).  
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Table 1. Clinical characteristics of the study population (Mean and S.E. ; N=260) 

Non-drinkers Ex-drinkers Drinkers 

N 83 47 130 

Age, years 43.40 (0.96) 45.34 (1.14) 39.75 (0.59) a,b

Body mass index, kg/m2 23.26 (0.37) 22.55 (0.49) 22.95 (0.28) 

Systolic blood pressure, mmHg 129.1 (1.72) 126.6 (1.92) 135.6 (1.34) a,b

Diastolic blood pressure, mmHg 80.07 (1.14) 79.70 (1.38) 84.13 (0.95) a,b

Exercise (%), times/week 

- < 2 times/week 

- ≥ 2 times/week 

25.0 

75.0 

32.1 

67.9 

22.2 

77.8 

Alcohol, mL/week - 133.3 (51.66) 385.6 (30.58) b

Smoking, cigarettes/day 10.10 (1.36) 15.00 (1.82) 12.73 (1.15) 

Total cholesterol, mg/dL 219.8 (4.59) 212.2 (5.43) 209.36 (3.20) 

LDL cholesterol, mg/dL 143.7 (2.98) 138.9 (5.03) 129.6 (3.0) a

HDL cholesterol, mg/dL 51.22 (1.36) 49.91 (1.56) 55.43 (1.34) b

Triglyceride, mg/dL 130.1 (7.49) 139.7 (15.33) 148.2 (9.3) a

Gamma glutamyl transferase 
(GGT), U/L 

39.89 (3.07) 38.70 (5.65) 82.58 (7.79) a,b

Aspartate aminotransferase 
(AST), U/L 

26.43 (0.98) 26.51 (1.15) 33.26 (1.72) a,b

Alanine aminotransferase  

(ALT), U/L 

27.90 (1.94) 26.65 (2.85) 35.74 (2.57) a,b

Glucose, mg/dL 93.62 (3.35) 90.00 (1.92) 93.01 (2.08) 

a,b Compared with non-drinkers, and ex-drinkers, respectively : p< 0.05 
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The associations between changes in 
blood pressure, biochemical parameters and 4 
categories of serum GGT levels, classified by 
quartile, are shown in Table 2.  After adjusted 
for age and BMI, there were slightly dose-
response relationships among SBP (Q1; 125.3 
mmHg, Q2; 129.6 mmHg, Q3: 135.1 mmHg, 
and Q4; 137.3 mmHg, respectively), DBP (Q1; 

77.12 mmHg, Q2; 81.20 mmHg, Q3: 84.07 
mmHg, and Q4; 85.51 mmHg, respectively) 
and serum ALT (Q1; 18.25 U/L, Q2; 22.34 
U/L, Q3: 32.95 U/L, and Q4; 52.49 u/L, 
respectively) with serum GGT levels.  Other 
biochemical variables except total, LDL, HDL 
cholesterol levels revealed some significant 
differences with increasing serum GGT.  

Table 2. Quartiles of serum GGT and biochemical parameters in men being adjusted for age and 
body mass index  

Serum GGT (U/L)   

Quartile 1 

(8.00-21.00) 

Quartile 2 

(21.01-38.00)

Quartile 3 

(38.01-67.00) 

Quartile 4 

(>67.01) 

N 62 67 66 65 

Systolic blood pressure, 
mmHg 

125.3 (1.93) 129.6 (1.71) 135.1 (1.91) a,b 137.3 (1.82) a,b

Diastolic blood pressure, 
mmHg 

77.12 (1.24) 81.20 (1.18) a 84.07 (1.29) a 85.51 (1.36) a,b

Total cholesterol, mg/dL 209.3 (6.89) 212.5 (3.69) 214.3 (7.23)  217.9 (4.96)

LDL cholesterol, mg/dL 127.7 (4.12) 137.2 (3.49) 136.0 (6.14)  132.5 (4.79)

HDL cholesterol, mg/dL 54.83 (1.58) 53.32 (1.39) 51.86 (1.48) 52.44 (2.30) 

Triglyceride, mg/dL 95.29 (5.190 116.2 (6.91) 134.9 (9.17) a 215.8 (16.48) a,b,c

Aspartate aminotransferase 
(AST), U/L 

25.30 (1.01) 23.64 (0.72) 28.69 (1.25) b 41.80 (2.94) a,b,c

Alanine aminotransferase 
(ALT), U/L 

18.25 (1.02) 22.34 (1.13) 32.95 (2.08) a,b 52.49 (4.52) a,b,c

Glucose, mg/dL 89.96 (5.24) 93.64 (3.43) 90.18 (1.50) 100.86 (4.43)

a,b,c significant different from quartile 1, 2, and 3, respectively; p<0.05  
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differences with increasing serum GGT.  

Table 2. Quartiles of serum GGT and biochemical parameters in men being adjusted for age and 
body mass index  

Serum GGT (U/L)   

Quartile 1 

(8.00-21.00) 

Quartile 2 

(21.01-38.00)

Quartile 3 

(38.01-67.00) 

Quartile 4 

(>67.01) 

N 62 67 66 65 

Systolic blood pressure, 
mmHg 

125.3 (1.93) 129.6 (1.71) 135.1 (1.91) a,b 137.3 (1.82) a,b

Diastolic blood pressure, 
mmHg 

77.12 (1.24) 81.20 (1.18) a 84.07 (1.29) a 85.51 (1.36) a,b

Total cholesterol, mg/dL 209.3 (6.89) 212.5 (3.69) 214.3 (7.23)  217.9 (4.96)

LDL cholesterol, mg/dL 127.7 (4.12) 137.2 (3.49) 136.0 (6.14)  132.5 (4.79)

HDL cholesterol, mg/dL 54.83 (1.58) 53.32 (1.39) 51.86 (1.48) 52.44 (2.30) 

Triglyceride, mg/dL 95.29 (5.190 116.2 (6.91) 134.9 (9.17) a 215.8 (16.48) a,b,c

Aspartate aminotransferase 
(AST), U/L 

25.30 (1.01) 23.64 (0.72) 28.69 (1.25) b 41.80 (2.94) a,b,c

Alanine aminotransferase 
(ALT), U/L 

18.25 (1.02) 22.34 (1.13) 32.95 (2.08) a,b 52.49 (4.52) a,b,c

Glucose, mg/dL 89.96 (5.24) 93.64 (3.43) 90.18 (1.50) 100.86 (4.43)

a,b,c significant different from quartile 1, 2, and 3, respectively; p<0.05  

 

From above data, serum GGT level was 
purposed as a good representative parameter of 
alcohol intake. Further analysis related to 
quantity of alcohol consumption classified as 
light, moderate, and high drinkers was 
performed by Pearson’s correlation for 
relationship between serum GGT levels, blood 
pressure, lipid profile, liver enzymes and 

glucoses (Table 3). In moderate drinkers, the 
positive correlation between serum GGT and 
SBP (p=0.028) was found whereas in high 
drinkers, SBP, triglyceride and ALT levels 
were statistically increased with serum GGT 
levels (p=0.019, 0.033, and 0.047, 
respectively).  

Table 3. Pearson’s Correlation (p value) between serum GGT levels in different types of drinkers 
and other targeted parameters. 

Serum GGT (U/L)

Light drinkers 

(n= 34) 

Moderate drinkers 

(n=46) 

High drinkers 

(n=50) 

SBP (mmHg) NS 0.028 0.019 

DBP (mmHg) NS NS NS 

Total cholesterol, mg/dL NS NS NS 

LDL cholesterol, mg/dL NS NS NS 

HDL cholesterol, mg/dL NS NS NS 

Triglyceride, mg/dL NS NS 0.033 

Aspartate aminotransferase 
(AST), U/L 

NS NS NS 

Alanine aminotransferase 
(ALT), U/L 

NS NS 0.047 

Glucose, mg/dL NS NS NS 

NS = non-significance 

Hypertension was defined as a SBP ≥
140 mmHg and/ or a DBP ≥ 90 mmHg. An 
elevated serum GGT concentration is a risk 
factor for hypertension. The risk of developing 
both abnormal SBP and DBP values among 3 
groups of alcohol consumption increased with 

abnormal GGT value ≥ 50U/L (Table 4). The 
highest incident of hypertension was found in 
drinkers followed by ex-drinkers and non-
drinkers (abnormal SBP; drinkers 37.79%, ex-
drinker 13.39% and non-drinkers 5.51% and 
abnormal DBP; drinkers 28.35%, ex-drinker  
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9.45% and non-drinkers 5.51%, 
respectively). Further analysis stratified by 
serum GGT level, current drinkers with 
abnormal GGT value ≥ 50U/L showed the 

highest incident of hypertension among three 
alcohol groups (22.05% for abnormal SBP and 
16.19% for abnormal DBP).  

Table 4. Incidence of hypertension by level of serum GGT among 260 men 

All subjects  GGT level  

  < 50 U/L  ≥ 50 U/L 

Alcohol 
consumption 

SBP ≥ 140 
mmHg (%) 

DBP ≥ 90 
mmHg (%) 

SBP ≥ 140 
mmHg (%) 

DBP ≥ 90 
mmHg (%) 

SBP ≥ 140 
mmHg (%) 

DBP ≥ 90 
mmHg (%) 

Non-drinkers 5.51 5.51 3.57 3.57 1.94 1.94

Ex-drinkers 13.39 9.45 7.94 6.56 5.45 2.89

Drinkers 37.79 28.35 15.74 12.16 22.05 16.19

Discussion  

      The finding of this cross-sectional, 
population-based study indicated that alcohol 
consumption was associated with significantly 
higher hepatic enzyme levels. Serum activities 
of GGT, AST and ALT showed strong 
evidences with alcohol consumption. These 
enzyme levels were significantly higher in 
current drinkers than ex-drinkers and non-
drinkers. The most significant increase was 
found for GGT, followed by AST and ALT 
(Table 1) with similar to previous report by 
Stranges, et al.8. There was substantial evidence 
supporting that GGT seemed to be the sensitive 
hepatic biomarkers most strongly related to 
alcohol intake 9, whereas some studies reported 
that other factors such as obesity and body fat 
distribution, rather than alcohol consumption 
seemed to be stronger determinants of ALT and 
AST 10,11. However, elevation in serum hepatic 
enzymes among drinkers may result from an 
increased liver cell membrane permeability and 
cell necrosis.  These hepatic enzymes are 

traditional biomarkers routinely used in 
assessing the extent hepatic inflammation or 
injuries and the adverse health effect of alcohol 
on liver function. Further analysis as quartiles 
of serum GGT levels, our results demonstrated 
the closed link of serum GGT, AST and ALT 
activities, similar to study by Alatalo et al.12. 
The authors showed that the amount of self-
reported ethanol intake correlated significantly 
with serum GGT, AST, ALT and ferritin. 
Among these biomarkers, GGT was found to 
correlate strongly with AST (r=0.42), ALT 
(r=0.53); AST and ALT (r= 0.62) 12. 

     Light and moderate alcohol consumption 
was usually associated with a reduced risk for 
atherosclerosis and coronary artery disease 
(CAD), whereas heavy drinkers were at an 
increased risk. The major mechanism appeared 
to be the well known ability of alcohol to raise 
HDL-C concentration. Relationship between 
the consumption of alcoholic beverage and 
lipid profile was mentioned in previous studies 
13,14. The levels of HDL-C, LDL-C and TG 
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among participant in this study were also 
influenced by alcohol intake. Serum HDL-C 
and TG significantly increased, on the other 
hand serum LDL-C significantly decreased in 
drinkers compared to ex-drinkers and non-
drinkers (Table 1). The increase in plasma 
HDL-C with moderate alcohol intake resulted 
from increased transport rate of the major 
apolipoproteins apo A-I and –II15. In addition, a 
daily dose of 30 g alcohol resulted in increases 
3.99 mg/dL HDL-C level, and 8.82 mg/dL apo 
A-I 16. Our results showed a relationship 
between alcohol and increased TG level, with 
similar to other studies 13,14. In contrast, an 
Italian study showed no significant association 
between alcohol and TG concentration17. The 
possible explanations may be differences in 
dietary and alcohol patterns and in ethnicity 
related to genetic factor in lipid metabolism. 
For LDL-C, its slope significantly decreased as 
alcohol intake increased (p =0.002) which the 
authors suggested that the mechanism of how 
alcohol intake decreased the risk for increased 
LDL-C remained to be elucidated18. One 
plausible explanation was that alcohol might 
decrease the conversion of the very-low-density 
lipoprotein (VLDL) to LDL apo B or accelerate 
the clearance of LDL apo B18. In addition, 
elevated GGT has been linked to triglyceride 
accumulation19.  

       A close association between the volume 
of alcohol consumed and blood pressure level, 
concurrent with increased serum GGT with 
hypertension were observed by many 
researchers1,3,4. In clinical practice, serum GGT 
has been used as a marker for assessment of 
excessive alcohol consumption, liver disease 
and cardiovascular risk factors (such as 
diabetes and hypertension). If the hypothesis 
that serum GGT reflected the individual 
susceptibility to the pressor effect of alcohol 

was correct, the alcohol-increased SBP and 
DBP relation should be different in the 
individuals with different serum GGT levels. 
From this present study, there was a trend 
toward an increase in the relative risk of the 
hypertension according to alcohol 
consumption, as seen in Table 1 and 2. The 
incidence of hypertension was higher in 
subjects with serum GGT level of 50 U/L or 
over, compare with the subjects with serum 
GGT below 50 U/L (Table 3). These findings 
agreed with a report by Yamada et al. that 
found a significantly higher blood pressure and 
a higher prevalence of hypertension in the 
subjects with elevated serum GGT levels in 
comparison with those with normal serum GGT 
levels1. This association may be a mechanism 
underlying an important role of GGT enzyme 
in antioxidant systems with response to 
oxidative stress, marking increase transport of 
glutathione to cell4. The result from this study 
suggested that serum GGT level could be 
proposed as a clinical parameter to predict 
alcohol drinkers with high risk for the 
development of hypertension.  

       The present study was a cross-sectional 
study to investigate the association between 
alcohol consumption and the alteration of 
serum GGT influencing on risk of 
hypertension. However, our study has some 
limitations similar to other previous reports 
related to alcohol drinking. These issue 
included heavy and/or adverse health-drinkers 
with less likely to participate in this study,  
underreport alcohol consumption, uncontrolled 
confounding factors related to liver function 
test and/ or cardiovascular disease, and lack of 
genetic study with identify susceptibility to 
adverse health effects. Further investigations 
with a large sample size with cover a broad 
range of potential confounding factors as well 
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as genetic polymorphisms of enzymes related 
to alcohol metabolism are warranted.  
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