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ABSTRACT

Introduction: Diagnostic enzymology plays a useful role in evaluation of various hepatobiliary diseases and 
numerous enzymes have been compared in different disorders. Among these, significance of Gamma Glutamyl Transferase 
and 5’ Nucleotidase over Alkaline Phosphatase has been stressed repeatedly, but mainly in the icteric obstructive biliary 
disease patients. In this study, these three enzymes were compared not only in the icteric but also the an-icteric 
biliary disease patients, particularly to look for elevation and significance of these enzymes in the latter group. 
Methods: The study was conducted on 50 biliary disease patients, who were further divided into an-icteric (32 patients) 
and icteric (18 patients) subgroups depending on their bilirubin levels. 50 subjects matched for age and sex with the study 
group were enrolled for the control group. Gamma Glutamyl Transferase, 5’Nucleotidase, Alkaline Phosphatase and bilirubin 
levels were evaluated in all the patients as well as the control subjects. Results: All three enzymes showed a significant 
rise in the icteric subgroup (p value < 0.001). However, in the an-icteric subgroup, only Gamma Glutamyl Transferase 
and 5’Nucleotidase showed a significant rise. The rise was more for Gamma Glutamyl Transferse (1.60 times normal, p 
< 0.001) as compared to 5’Nucleotidase (1.39 times normal, p < 0.01). Conclusion: Gamma Glutamyl Transferase and 
5’Nucleotidase are useful for evaluation of not only obstructive biliary disease patients but also for the patients with 
biliary disease who are an-icteric, and out of these two, the former is a more valuable diagnostic indicator in such diseases.
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INTRODUCTION

Diagnostic enzymology measures the serum or plasma 
levels of enzymes that are originally located within the 
cell or are attached to its plasma membrane with their 
active sites exposed to the external milieu. Shedding of 
hepatocyte plasma membrane is thought to be responsible
for the release of liver plasma membrane fragments in 
the circulation in various hepatobiliary diseases. Several 
membrane-bound  enzymes such as Gamma Glutamyl 
Transferase (GGT), Alkaline Phosphatase (ALP), Leucine 
Aminopeptidase and 5’ Nucleotidase (5’NT) are expressed on 
the surface of these shed liver plasma membrane fragments,1

resulting in raised serum levels of these enzymes in various 
disorders.

Liver having a significant reserve and regenerative powers, 
and gallbladder acting as a reservoir of bile, pose a limitation 
in singling out an enzyme or a metabolite which is specific to 
this organ-system and is an early indicator of its disorders. So 
many often a battery of tests is required to reach a conclusion.

The three enzymes – Alkaline Phosphatase, 5’ Nucleotidase 
and Gamma Glutamyl Transferase show elevation in hepato-
biliary diseases, particularly those affecting the biliary tract. 
The elevation of these three enzymes correlates closely, 
although GGT is generally increased to a greater extent as 
compared to the other two enzymes,2-4 thereby indicating 
the greater sensitivity of GGT as compared to the other two.

These enzymes have been compared with each other as well 
as with other indicators of biliary tract disease and hepatic 
parenchymal cell damage. The significance of GGT and 5’ NT 
over ALP has been stressed particularly in obstructive biliary 
disease patients with icterus.2-5 However, in this study these 
three enzymes have been compared not only in biliary tract 
disease patients with icterus, but also in those which showed 
no rise in bilirubin i.e. were an-icteric, particularly to see 
for the pattern of elevation and significance if any, of these 
enzymes in the latter group, i.e. an-icteric biliary disease 
patients.

MATERIALS AND METHODS

50 patients suffering from various biliary diseases were 
enrolled for the study. A detailed history was taken, 
complete physical examination conducted and the required 
investigations, including an ultrasound abdomen were done 
to confirm the diagnosis.

10 ml of venous blood was taken for analyzing GGT, 5’NT, 
ALP and bilirubin levels. The values were measured in 
serum, after allowing the sample to clot and then 
centrifuging at 3000 rpm for 10 minutes to separate the serum.

GGT was measured by the method of Szasz and Klin.6 5’NT 
was measured by the method of Campbell7 and ALP by the 
method of Kind and King.8  
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50 healthy controls matched for age and sex were enrolled 
in the control group, and it was ensured that none had any 
hepatobiliary disorder (previously or present), coronary 
artery disease, diabetes or prolonged drug therapy. The 
mean values of the three enzymes in this group were taken 
as normal.

Bilirubin levels of below 1 mg/dL were taken as normal and 
such patients were considered an-icteric, whereas patients 
with levels more than this were considered icteric.

The study was cleared by the research and ethics  
committee of the institute where the work was carried 
out and the patients/subjects signed an informed consent 
regarding participation in the study.

RESULTS

The 50 patients comprising the study group had an average 
age of 48 years, with a range of 16 to 70 years. The group had 
29 (58%) females and 21 (42%) males. The control group had 50 
healthy subjects with a comparable age and sex distribution.

Table I. Mean values and rise (as times normal) of serum levels of GGT, 5’NT and ALP in different groups

    GGT     5’NT           ALP
          ______________________________________________________________________________________ 
   Mean value Rise as  Mean value Rise as     Mean value Rise as
   (Szasz units) times normal (IU/L)   times     (KA units) times
         normal   normal
_________________________________________________________________________________________________________
Control Group  22.54  -  9.18  -        7.10       -
Study Group  64.94  2.88  18.20  1.98       11.60     1.63      
(50 patients) 
An-icteric Subgroup 36.03  1.60  12.75  1.39        8.81     1.24
(32 patients)  
Icteric Subgroup  116.33  5.16  27.89  3.04        16.56      2.33
(18 patients)  

In the control group the mean value of the three enzymes 
GGT, 5’NT and ALP were 22.54 Szasz units, 9.18 IU/L and 
7.1 KA units respectively, which is within the reported 
normal range for each enzyme (Table I). Further, in the 
control group, the enzymes did not show any particular 
trend with age and also there was no variation among males 
and females.
 
The various biliary tract diseases among the study group 
patients included cholecystitis with cholelithiasis (62%), 
choledocholithiasis (28%), carcinoma gall bladder (6%) 
and miscellaneous group comprising of peri-ampullary 
carcinoma and carcinoma head pancreas (4%). These 
patients were further divided into two subgroups i.e 
an-icteric and icteric subgroup depending on their bilirubin 
levels. Out of the total 50 patients, there were 32 patients 
with normal bilirubin levels forming the an-icteric group 

and this group showed a mean bilirubin value of 0.75 mg/
dL. 18 patients with elevated bilirubin levels formed the 
icteric group with an average bilirubin level of 4.95 mg/dL.
 
Mean values of all the three enzymes i.e. GGT, 5’NT and ALP 
showed a rise in the study group as a whole, as well as the 
two subgroups. Table I shows the mean values of the three 
enzymes in various groups as well as the rise as times normal 
in the study group and an-icteric and icteric subgroups.

Among the three enzymes, the rise was highest for GGT and 
least for ALP in the study group as well as both the an-icteric 
and icteric subgroups. The elevation in the mean values of 
enzymes was further evaluated statistically for significance 
in all the different groups. Table II shows the significance/
insignificance of the rise in the levels of different enzymes 
in various groups at different “p” values.

Table II. Significance (+)/insignificance (--) of rise in the levels of GGT, 5’NT and ALP in various groups at p < 0.01 and p < 
0.001

       P < 0.01    p < 0.001
            ______________________________________________________________________
      GGT 5’NT ALP   GGT 5’NT ALP

Study Group     + + +   + + +
(50 patients)
An-icteric Subgroup    + + --   + -- --
(32 patients) 
Icteric Subgroup     + + +   + + +
(18 patients) 
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In the icteric subgroup, the rise in all the three enzymes was 
highly significant (p value < 0.001). However, in the an-icteric 
subgroup the rise was significant only for GGT and 5’NT (p < 
0.001 for GGT and p < 0.01 for 5’NT) and not for ALP (p > 0.01).

DISCUSSION 

In obstructive biliary diseases, usefulness of GGT over ALP 
has been demonstrated by various authors.2,3,4,9 GGT is 
more responsive to biliary obstruction than are other liver 
enzymes too, like Aspartate Aminotransferase (AST) and 
Alanine Aminotransferase (ALP), and being more 
specific it is helpful in working up elevated levels of ALP.9 
Similarly 5’NT also shows a much higher elevation as 
compared to ALP in obstructive jaundice making it a more 
reliable diagnostic test in this condition.5 Among GGT 
and 5’NT, GGT shows a higher elevation in patients with 
cholestasis, which is even more marked in extrahepatic 
cholestasis.3 In the present study, the icteric subgroup 
which comprised of obstructive biliary disease patients 
reflected the same findings. Although all three enzymes were 
significantly elevated, the rise was maximal for GGT, 
followed by 5’NT and least for ALP. This confirms GGT as a 
valuable diagnostic aid for the investigation of obstructive 
biliary disease patients.
 
The an-icteric subgroup which comprised largely of patients 
of chronic cholecystitis with cholelithiasis also showed a rise 
in the mean levels of all three enzymes, although it was 
much less than the icteric subgroup. Further, this rise was 
significant only for GGT and 5’NT and not for ALP. Among 
GGT and 5’NT, the rise was more significant in the former
 (p < 0.001 for GGT and p < 0.01 for 5’NT).
 
Lum and Gambino,10 reported that in cases of cholecystitis 
or cholelithiasis, GGT was not only more sensitive than ALP, 
its rise also preceded that of ALP. However, they suggested 
this in cases associated with biliary tract obstruction and 
reported normal GGT levels in cases of cholecystitis 
without biliary obstruction. Boone et al.11 reported increased 
GGT levels in the majority of their cases of cholecystitis. 
However, Singh et al.4 reported normal GGT levels in 
patients of cholecystitis and cholelithiasis. Similarly, Jimenez 
et al.12 although measured salivary GGT, reported normal 
GGT levels in cases of silent cholelithiasis and increased 
levels in acute cholecystitis.
 
Yang et al.13 while reporting biochemical predictors for 
bile duct stones emphasized that GGT is the most powerful
independent predictor for this condition. Further, GGT 
has the highest negative predicting value among the 
biochemical markers like GGT, ALP, AST/ALT and Bilirubin.
Ahmad,14 while comparing Liver Function Tests before and 
after surgery in patients of cholelithiasis, also reported 
highest increase for GGT (upto > 200 %) as compared to ALP 
or bilirubin. This indicates the usefulness of GGT even when 
the other enzymes and bilirubin may not show a significant 
rise in their levels.
 
In this study, the GGT levels were significantly elevated in 
the an-icteric subgroup indicating the usefulness of this 
enzyme in such conditions also, apart from the patients with 
jaundice i.e. obstructive biliary diseases. The rise might 
be attributed to inflammatory edema, which causes some 
degree of obstruction, which although does not cause any rise 
in the bilirubin levels but is reflected in the raised GGT levels.
  
Serum 5'NT activity is generally elevated in hepatobiliary
diseases, especially with intrahepatic obstruction, but, 

unlike serum ALP, serum 5'NT activity is not increased in 
infancy, childhood, pregnancy, or osteoblastic disorders.15

This makes 5’NT more useful as compared to ALP 
for evaluation of obstructive biliary diseases. This 
advantage coupled with the fact that 5’NT has shown a 
significant rise in an-icteric biliary disease patients and 
ALP has not shown any such significant rise, shows the 
usefulness and superiority of this enzyme over ALP as a 
diagnostic tool in evaluation of such biliary disease patients.

CONCLUSION 

To conclude, GGT and 5’NT are useful for evaluation of not 
only obstructive biliary disease patients, but also for the 
patients with biliary disease who are an-icteric. Further 
they score over ALP, both for patients with or without biliary 
obstruction. Among GGT and 5’NT, former has got a better 
diagnostic relevance in evaluation of biliary disease patients.
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