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Abstract

Transketolase (TK, EC.2.2.1.1) encoded by TKT gene is a thiamine pyrophosphate dependent enzyme that involved in HMP shunt 
pathway. In thiamine deficiency erythrocyte transketolase (ETK) activity is reduced before the clinical manifestations. Deficiency of 
thiamine causes beriberi, dry beriberi affects nervous system and wet beriberi affects cardiovascular system. The aim of the study 
was to standardize the procedure for estimation of ETK activity and to ascertain the effectiveness of measuring ETK enzyme activity 
in assessing thiamine deficiency. In this hospital based study 60 subjects were enrolled from the Department of General medicine, 
Amrita Institute of Medical Sciences, from December 2009 to August 2010. ETK assay was done using heparinized blood samples by 
spectrophotometric method. ETK activity, normalized transketolase activity ratio and percentage of activation of thiamine pyrophos-
phate were estimated. Thirty four (57%) out of 60 cases were showing thiamine deficiency. Among the different groups of patients 
the incidence was as follows: (a) alcoholics - 4/6 cases (67%), (b) diabetics - 9/14 cases (64%), (c) renal failure 3/6 cases (50%), 
(d) diabetics and alcoholics - 3/8 cases (38%) and (e) other diseases - 15/26 cases (58%). Six out of 9 cases (67%) responded to 
treatment with thiamine and showed normal ETK levels after treatment. Thiamine deficiency is a common condition that can occur 
in untreated cases of above categories. Deficiency if untreated produce its symptoms which may be misunderstood as many other 
diseases and even lead to death of the patient. The method allows the analysis of samples for diagnosis of thiamine deficiency in 
suspected cases and helped to institute appropriate treatment measures. The reduction in transketolase level in diabetic/alcoholic 
neuropathy is considered independent of thiamine deficiency, age and gender may be due to posttranslational modifications. 
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 Introduction 

Thiamine (vitamin B1) is also known as aneurine (it can relieve 
neuritis) or antiberiberi factor. Dutch chemists, Barend Coenraad 

Petrus Jansen and his co-worker Willem Frederik Donath first iso-
lated and crystallized the active agent in 1926 [1]. Thiamine struc-
ture was determined by Robert Runnels Williams in 1934. Thia-
mine was synthesized in 1936 by the Williams., et al [2]. Thiamine 
pyrophosphate (TPP) is the active form and most abundantly seen 
in the body [3]. It is a coenzyme for energy transformation reac-
tions like pyruvate dehydrogenase and αketoglutarate dehydroge-
nase in glycolysis and TCA cycle. Their reduced activities can result 
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in decreased ATP synthesis and cell damage. Brain is extremely 
sensitive to thiamine deficiency for its high demand of ATP. TPP 
also acts as a coenzyme for transketolase which modifies glucose6-
phosphate to ribose-5-phosphate and NADPH. Ribose-5-phosphate 
is used for nucleic acid synthesis while NADPH is crucial for the 
reductive synthesis of steroids, fatty acids etc [4]. Due to its short 
half-life (1 - 12h) and limited body stores, a regular dietary supply 
is essential to maintain tissue thiamine levels [5]. 

Chronic alcohol consumption leads to thiamine deficiency 
which causes Wernicke-Korsakoff syndrome [6]. Several studies 
have demonstrated thiamine deficiency in individuals with both 
type 1 and type 2 diabetes. Thiamine deficiency leads to a marked 
deterioration in insulin synthesis and secretion, thereby insulin 
deficiency may aggravate thiamine deficiency and vice versa [7]. 
There is decreased function of transketolase in uremia may be due 
to transketolase inhibitor, oxythiamine pyrophosphate at the TPP 
dependent reaction [8,9]. Thiamine deficiency is common in West 
Africa, Cambodia, Myanmar, Nepal, North Indian states; especially 
Kashmir [10,11]. In this study we report the erythrocyte transke-
tolase assay as an ethical, safe, simple and robust screening test for 
detection of thiamine deficiency. 

 Materials and Methods 

In this hospital based study 60 subjects were enrolled from the 
Dept. of General Medicine, Amrita Institute of Medical Sciences 
and Research Centre, from December 2009 to August 2010. 20 
normal healthy subjects without any disease/hospitalization for 
past 3 months were included as controls in the study. The patients 
were divided in to five groups i.e. (a) Alcoholics (b) Diabetics (c) 
Renal failure (d) Both diabetics and alcoholics (e) Other diseases. 
Patient’s signed informed consent forms for collection of the bio-
logical samples for laboratory analysis was obtained. Presenting 
features and other patient details were collected. Written informed 
consent was obtained from all study subjects. The study protocol 
conforms to the ethical guidelines of the “World Medical Associa-
tion Declaration of Helsinki Ethical Principles for Medical Research 
Involving Human Subjects” adopted by the 18th WMA General As-
sembly, Helsinki, Finland, June 1964, as revised in Tokyo 2004 [12]. 
The study was approved by the institutional ethical review com-
mittee. 

 Blood samples were collected in heparinized tubes. Washed, 
anticoagulated erythrocytes are used for this assay. Isotonic saline 

solution (0.9% NaCl) is used to avoid osmotic damage to the cells; 
washed three times, then centrifuged, removal of the supernatant 
and resuspended in saline solution. Enzyme activity is best assayed 
immediately. 

Erythrocyte transketolase assay 

Principle: The method for transketolase assay was adapted from 
Bayoumi., et al. which was earlier proposed by Brim., et al. and 
modified by Smeets., et al [13-15]. Ribose-5-phosphate is used 
as substrate for transketolase, the glyceraldehyde-3-phosphate 
formed is converted to dihydroxyacetone phosphate by triosephos-
phate isomerase (EC 5.3.1.1). Glycerol-3-phosphate dehydroge-
nase (EC 1.1.1.8) reduces dihydroxyacetone phosphate to glycerol-
1-phosphate. Simultaneously NADH is oxidized to NAD+. The rate 
of decrease in absorbance at 340 nm due to NADH oxidation is a 
measure of transketolase activity (Figure 1). 

Figure 1: The sequential reaction involve in ETK assay-TK 
(transketolase), TIM (trio phosphate isomerase), GDH (glycerol 

dehydrogenase). 

Reagents: (1) Tris-HCL buffer 0.1 mol/liter, pH 7.6, (2) ribose-
5-phosphate, disodium salt 15 mmol/liter in Tris-HC1 buffer, (3) 
thiamine pyrophosphate chloride 10 mmol/liter in Tris-HC1 buffer, 
(4) nicotinamide adenine dinucleotide, reduced form, 10 mmol/
liter in Tris-HC1 buffer, (5) glycerol-3-phosphate dehydrogenase/
triosephosphate isomerase suspension in ammonium sulfate solu-
tion. 

Procedure: To 2.4 ml of buffered ribose-5-phosphate kept at 370C, 
add 50 µl of hemolysate (50 g Hb/liter), 0.01 ml of the GDH/TIM 
suspension, 50 µl of NADH, and 0.10 ml of TPP and mix well. For 
the measuring the activity without TPP, replace it with 0.1 ml of 
Tris-HC1 buffer. Incubate the mixture for 15 minutes at 37oC. Con-
tinuously monitor the reaction rate at 340 nm for a further 15 min-
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utes at 37oC and recorded the linear absorbance change (Delta A). 
Use a mixture of 2.55 ml of Tris-HC1 buffer and 50 µl of hemolysate 
as reference. 

Calculation:  

  

6.22 × 103 is the molar absorbance of NADH at 340 nm, delta A 
is the decrease in absorbance at 340 nm during 15 min, 2.16 is the 
final volume in ml and 50 is the final hemoglobin concentration of 
hemolysate (gHb/L). 

 Age-dependent transketolase activity (NTKZ) 

The age-dependent transketolase activity or normalized trans-
ketolase activity ratio, NTKZ) was calculated as follows [16]:

                  

 

ETK Activity coefficient (% of TPP activation) 

The enzyme activity should be measured in the presence and 
absence of TPP. The ratio of activities is the ETK activation coef-
ficient: 

Activity with coenzyme - activity without coenzyme × 100
                 Activity without coenzyme 

 Values up to 15% are considered as normal. Values below15% 
are considered to be at low risk of thiamine deficiency; values 
greater than 15% indicates thiamine deficiency; values 15 - 25% is 
moderate risk and greater than 25% are at high risks. Symptoms of 
thiamine deficiency associated with values greater than 40%. 

 Results  
Thirty four (57%) out of 60 cases were demonstrated thiamine 

deficiency. Among the different groups the incidence was as fol-
lows: (1) Alcoholics - 4/6 cases (67%), (2) Diabetics - 9/14 cases 
(64%), (3) Renal failure 3/6 cases (50%) (4) Other diseases - 
15/26 cases (58%), and (5) Alcoholics and Diabetics - 3/8 cases 
(38%). The details of the patients (N = 34) with thiamine deficien-
cy are given in table 1. 

Table 1: The activity of erythrocyte transketolase in patients with thiamine deficiency (N = 34).

Control group
Diabetic/Renal  

failure (Group 1)
Diabetic/other  

diseases (Group 2)
Diabetic and alcoholic 
neuropathy (Group 3)

Number of patients with thiamine 
deficiency (Total 34 patients)

20 09 15 10

ETKAC (% of TPP activity) < 15 > 25 15 - 25 < 15
ETK [U/g Hb] 1.035 ± 0.326 0.652 ± 0.442* 0.542 ± 0.142* 0.833 ± 0.544+

(Normalized transketolase activity ratio NTKZ [U/g Hb] of control group = 1.861 ± 0.741; NTKZ of group 3 = 1.551 ± 0.836) (*p = 0.013, 
+p = 0.058).

 The patients with thiamine deficiency are divided in to three 
groups; group 1 (5 males, 4 females) aged 48.3 years (range: 23 - 
71 years) and group 2 (10 males, 5 females) aged 54.5 years (range: 
27 - 61 years), group 3 (4 males, 6 females) aged 53.6 (28 - 64) and 
control group (11 males, 9 females) aged 49.1 (23 - 70). No differ-
ence between the age of group 1 patients and controls (p=0.655), 
group 2 patients and controls (p=0.658), group 3 patients and con-
trols (p=0.781) were found. Group 3 patients presented with symp-
toms of neuropathy. Group 1, group 2 and group 3 patients demon-
strated a decreased transketolase activity. Only a slight decrease 
was found in group 3 patients (Table 1). Six out of 9 cases (group1) 

(67%) responded to treatment with thiamine and showed normal 
ETK levels after treatment. 

 The group 3 patients with neuropathy did not indicate thia-
mine deficiency after exogenous thiamine supplement (Table 1). 
Transketolase activity and the percentage of transketolase activity  
after the stimulation with thiamine pyrophosphate and normal-
ized transketolase activity did not correlate with age in the group 
three. The indicated decrease of transketolase activity in group 3 
patients may be due to posttranslational modification of transke-
tolase enzyme. This does not either indicate thiamine deficiency or 
not affected by age and gender of the patients. 
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 The thiamine status of six chronic renal failure patients was as-
sessed by both assays to establish whether thiamine supplements 
were adequate. All patients were undergoing intermittent dialysis 
and thiamine supplementation. Both the activation and ETK assays 
showed that three patients were thiamine deficient either pre or 
post dialysis. In three patients thiamine level was normal. 

 Discussion  

Here we used simple spectrophotometric method for the as-
say of ETK activity based on the measurement of NADH usage. The 
spectrophotometric method allows rapid, specific estimation and 
has good precision. In contrast to other laboratory procedures for 
the diagnosis of thiamine deficiency, the TPP activation methods 
can readily be used in routine clinical chemistry laboratory. Thia-
mine deficiency may be assessed clinically by low ETK activity and/
or by high activation by TPP in vitro. In our study values of TPP acti-
vation correlated well with clinical features of thiamine deficiency 
in group 1 and group 2 patients. If the TPP activation value is more 
than 25% for at least 10% of the population; it indicates high risk 
of thiamine deficiency [17]. 

 The calorimetric methods that are used for the assay of ETK 
activity will give a low specificity when relatively large amounts 
of other sugars are present [18]. The spectrophotometric method 
the gIyceraldehyde-3-phosphate formed during the ETK reaction 
is assayed enzymatically. Further this method can be modified and 
automated for larger number of sample assay [19]. On compari-
son with costly and technically skilled investigations like HPLC and 
Capillary electrophoresis techniques, U. V. method gives precise 
and yields similar results of ETKAC [20]. 

 Several studies have proved that neurological problems due to 
thiamine deficiency develop faster in subjects with alcohol intake 
and deficient in thiamine than who do not receive alcohol. Alcohol 
reduces the liver stores of thiamine, so people who drink alcohol 
with liver cirrhosis have higher incidence of Wernicke-Korsakoff 
syndrome [21,22]. Decreased TK activity causes reduction in re-
ducing agents and accumulation of glycation end products, which 
causes endothelial dysfunction. This can be reversed by TK stimu-
lation. In liver cirrhosis TK activation improves the liver damage 
[23,24]. The decreased TK activity may be a possible pathogenic 
mechanism in alcoholic or diabetic neuropathy. 

 Conclusion 

We suggest that this spectrophotometric method is economi-
cally and ethically viable to screen for a complete range of thiamine 
deficiency disorders. T K activity, NTKZ and percentage of activity 
after stimulation can be used to detect the misdiagnosis of thia-
mine deficiency due to post translational modifications. 

Erythrocyte transketolase assay is useful in nervous system dis-
orders for the evaluation of thiamine status and therapeutic deci-
sions related to its deficiency. The ETK estimation should be thus 
highly considered, before initiation of the thiamine substitution, as 
an element of pathogenesis/patient-oriented, tailored therapy. 
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