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Abstract

Introduction: The activity of erythrocyte transketolase induced by thiamine pyrophosphate and normalized to age
of the patient is a marker of thiamine metabolism disturbances with pathological consequences in the central and
peripheral nervous system. The measurement of erythrocyte transketolase activity enables evaluation of the thia-
mine status and therapeutic decisions in the disorders of the nervous system related to its deficiency. The aim of
the study was to compare different modes of expression of transketolase activity in the most frequent acquired
neuropathies.

Material and methods: The study included 29 patients with type 2 diabetes mellitus (21 males, 8 females) aged
48.3 years (range: 20-70 years) and 31 subjects with a history of alcohol dependence (23 males, 8 females) aged
54.5 years (range: 28-60 years). All participants of the study showed signs and symptoms of neuropathy. The cases in
both groups presented the involvement of either axon, myelin, or both, what was evidenced by electrophysiological
tests (electromyography and estimation of nerve conduction velocity). The control group consisted of 20 healthy
persons aged 49.1 years (range: 23-70 years). Transketolase activity in erythrocytes (TK) was assessed by means of
the spectrophotometric method. Basic TK activity was expressed as units per gram of haemoglobin (g Hb), moreover
the normalized transketolase activity ratio (NTKZ) and percentage of activation of thiamine pyrophosphate (TPP)
were calculated.

Results: The basal TK activity was decreased in cases with diabetic neuropathy (0.64 + 0.342 U/g Hb, p = 0.0131), where-
as in patients with alcoholic neuropathy only a trend (p = 0.058) of the decrease was noticed (0.85 + 0.484 U/g Hb),
in relation to the control group (1.005 + 0.390 U/g Hb). Normalized transketolase activity ratio in erythrocytes has
not shown any statistically significant differences. The median TPP did not indicate any thiamine deficiency, both in
the group of diabetic and alcoholic neuropathy.

Conclusions: The decrease in transketolase activity in diabetic neuropathy may be independent of thiamine defi-
ciency. Abnormalities in transketolase activity, when expressed in three modalities: basal activity, normalized trans-
ketolase activity ratio and the activity after the stimulation with thiamine pyrophosphate may be differentiated as
thiamine-dependent or resulting from posttranslational modification.
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Introduction

Transketolase (TK), a thiamine diphosphate-de-
pendent enzyme, catalyses several key reactions of
the non-oxidative branch in the pentose phosphate
pathway. One of important reactions catalyzed by
transketolase is the conversion of the pentose sug-
ars, ribose and xylulose, to a seven-atom sugar,
sedoheptulose and glycerol aldehyde phosphate.
TK is a homodimer with active sites at the interface
between the contacting monomers [25]. Activity of
erythrocyte’s transketolase induced by thiamine
pyrophosphate and normalized to age of the patient
is a marker of thiamine metabolism disturbances
with pathological consequences in the central and
peripheral nervous system [3]. The activity of tran-
sketolase in a spectrum of neurological disorders
has been studied for decades, however new data are
continuously published, which reveal new aspects
with a potential application in clinical settings.
A novel field of research on transketolase is related
to cancer. Transketolase is involved in the non-oxi-
dative branch of the pentose phosphate pathway
that generates the ribose for nucleic acid synthe-
sis. Because this pathway is up-regulated in cancer
cells, transketolase is recognized as a target for nov-
el chemotherapeutics [18]. Thus, thiamine antago-
nists were designed to inhibit transketolase activity
[13,22,23]. If effective, this treatment may cause neu-
rological complications. Recently, an experimental
study has shown a positive, dose-dependent effect
of flunarizine on the cisplatin-induced tissue bio-
chemical changes including transketolase activity
in the model of neuropathy [16]. Thus, transketolase
may be considered as a therapeutic target not only
for thiamine containing drugs and the evaluation
of its activity remains an important biomarker in
a spectrum of conditions.

The pathophysiology of diabetic and alcoholic
neuropathies is complex and depends on the clini-
cal history of habits as well as previous treatment.
Transketolase is still considered as an important
component of pathomechanisms involved in dia-
betic and alcohol neuropathy and supplementation
with thiamine pyrophosphate, a cofactor for tran-
sketolase activity is suggested to have a protective
effect against neuropathy [1]. Thiamine deficiency
has been until now considered among other pheno-
mena observed in the course of alcoholic neuropa-
thy including activation of spinal cord microglia, oxi-
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dative stress, activation of mGlu5 receptors in the
spinal cord and activation of the sympathoadrenal
and hypothalamo-pituitary-adrenal axis [4]. On the
other hand, there are cases supplemented intensive-
ly with thiamine and showing a marginal deficit of
thiamine. Thus, the assay of TK with and without
stimulation of thiamine pyrophosphate may eluci-
date that problem.

With this background in mind we have undertak-
en a study on the activity of erythrocyte’s transketo-
lase in patients with diabetic and alcoholic neuropa-
thies. The aim of the study was to compare different
modes of expression of transketolase activity in the
most frequent acquired neuropathies.

Material and methods

The demographic and clinical characteristics of
studied populations of diabetic, alcohol-dependent
patients and controls are presented in Table I. No dif-
ferences between the age of diabetics and controls
(p = 0.656), alcohol-dependent patients and controls
(p = 0.786), as well as between diabetics and alco-
hol-dependent patients (p = 0.421) were found.

Clinimetric evaluation of severity of neuropath-
ic symptoms was scored basing on Katzenwadel
scale [10], which evaluates muscle strength, reflex-
es, co-ordination of movements, sensation and pain.
The cases in both groups presented the involvement
of either axon or myelin, or both, what was evalu-
ated by electrophysiological tests (electromyography
and estimation of nerve conduction velocity).

Diabetic patients with coexisting disorders like
nephropathy, chronic kidney disease, renal insuffi-

Table I. Demographic and clinical characteristics
of studied groups

Control Diabetic Alcoholic
group neuropathy neuropathy
n=20 n=29 n=31
Gender, F/M (%) 16/4 (80/20) 8/21(28/72) 8/23 (26/74)
Age, mean 49.1(23-70) 48.3(20-70) 54.5 (28-60)
(range) [years]
Katzenwadel Not 0-0% 0-0%
scale scoring applicable 1-7% 1-6%
2-10.5% 2-30.5%
3-17% 3-9%
4-34% 4-30.5%
5-21% 5-15%
6-9 -10.5% 6-9-9%
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ciency, acute or chronic pancreatitis, liver dysfunc-
tion/cirrhosis and vitamin supplementation were not
included in the study.

The comorbidities such as diabetes, acute or
chronic pancreatitis, nephropathy, chronic kidney dis-
ease, renal insufficiency, active liver dysfunction/cir-
rhosis and vitamin supplementation were exclusion
criteria in the group of alcohol-dependent patients.

Transketolase activity in erythrocytes (TK) was
assessed by means of the spectrophotometric meth-
od [20], modified by Bayoumi [2] and expressed as
units per gram of haemoglobin (g Hb). The age-de-
pendent transketolase activity (normalized transke-
tolase activity ratio, NTKZ) was calculated as follows:

TK

NTKZ = [U/g Hb],

[0.6066 — (0.002045 x age)]

where TK is activity of transketolase in erythrocytes,
U/g Hb is units/g of haemoglobin, NTKZ is normal-
ized transketolase activity ratio in erythrocytes.

The percentage of activation of thiamine pyroph-
osphate (TPP) was calculated as follows:

activity TK after addition

% activation of TPP

of TPP

x 100 %
activity TK without TPP

Normal value: 0-15%.

% of TPP activation > 15% demonstrates thia-
mine (vitamin B,) deficit.

One unit of transketolase produces 1.0 pmol of
glyceraldehyde 3-phosphate from xylulose 5-phospha-

Table Il. The activity of erythrocyte’s transketo-
lase in patients with diabetic and alcoholic neu-
ropathy

Control group Diabetic neu- Alcoholic
n=20 ropathy neuropathy
n=29 n =31

TK 1.005+0.396 0.642 +0.342* 0.853 + 0.484*
[U/g Hb]
NTKZ 1.963+0.742  1332+0.699 1648 +0.936
[U/g Hb]
% of TPP 0.0 0.0 0.0
activity 0.0-0.0 0.0-25.275 0.0-14.150

*p =0.001, *p = 0.058
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te per minute at 25°C, in the presence of ribose 5-phos-
phate, thiamine pyrophosphate and Mg?* using a cou-
pled system with a-GDH/TPI.

Haemoglobin was measured in a portion of ery-
throcyte hemolysate upon conversion to methaemo-
globin [5].

Results

The cases with diabetic neuropathy demonstrat-
ed a decreased transketolase activity, whereas in
patients with alcoholic neuropathy only a trend of
the decrease was noticed, in relation to the con-
trol group (Table Il). The normalized transketolase
activity in erythrocytes has not shown any statisti-
cally significant differences. The median percentage
of transketolase activity after the stimulation with
thiamine pyrophosphate did not indicate thiamine
deficiency both in the group of diabetic and alcoholic
neuropathy (Table I1).

Basal transketolase activity and the percentage
of transketolase activity after the stimulation with
thiamine pyrophosphate did not correlate with age
in the group of diabetic and alcoholic neuropathy. We
also did not find any effect of gender on TK, NTKZ
or transketolase activity after the stimulation with
thiamine pyrophosphate in all studied groups. Thus,
down-regulation of transketolase activity observed
in our study seems to be a result of posttranslational
modification that is independent of thiamine defi-
ciency, age and gender.

Discussion

Transketolase activity in erythrocytes was explored
in patients with diabetic and alcoholic neuropathy
with consideration to modes of expression including
the basal activity, normalized transketolase activity
ratio and transketolase activity after the stimulation
with thiamine pyrophosphate. Basal TK activity was
decreased in diabetic neuropathy patients without
any indication of thiamine deficiency.

Pathomechanisms related with metabolic distur-
bances behind diabetic neuropathy are not limited
to the effect of hyperglycaemia, but involve also the
deficiency of insulin and C-peptide, leading to dis-
turbances of neurotrophic factors [19]. As a result,
degeneration of axons is mediated by direct meta-
bolic disturbances and by insufficiency of microvas-
cular circulation. Experimental studies supported
the hypothesis that activation of the receptor for
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advanced glycation end product (RAGE) is one of the
first steps in pathogenesis of diabetic neuropathy
[7]. Immunological studies [15] revealed the impact
of growth-regulated oncogene o (GRO a — CXCL-1)
in the mechanism of the demyelinating form of dia-
betic neuropathy, probably mediated by a host CXC
receptor-2 dependent pathway. The decreased bas-
al activity of transketolase found in our study along
with normal NTKZ and normal transketolase activity
after the stimulation with thiamine pyrophosphate
in patients with diabetic neuropathy indicated the
posttranslational down-regulation independent of
thiamine deficiency. The mechanisms considered in
posttranslational modification of transketolase activ-
ity include oxidative stress. In vitro studies revealed
the effect of oxidation on TK activity [24]. Posttransla-
tional modification of TK activity may also result from
autoimmune reaction directed against the enzymat-
ic protein. TK has been shown to be recognized by
immunoglobulins G in multiple sclerosis patients [14].
In experimental diabetes, an impaired activity of tran-
sketolase results in depletion of reducing agents and
accumulation of glycation end-products (AGE) leading
to deleterious effects for endothelial cells that can be
reversed by transketolase stimulation [9]. In the mod-
el of insulin resistance, the transketolase activity was
decreased in rats fed with a high-fructose diet with
chromium supplementation, however it was up-reg-
ulated in animals on high-fructose feeding alone and
with thiamine supplementation [11]. Moreover, the
accumulation of AGE and oxidative stress in diabetic
patients is alleviated by up-regulation of transketo-
lase activity [21]. Thus, the stimulators of transketo-
lase activity e.g. benfotiamine showing anti-oxidant
effect [21] may be considered in clinical settings.

The pathogenesis of alcoholic neuropathy includes
a direct toxic effect of alcohol consumption on periph-
eral nerves and indirect consequences caused by
impairment of the liver function, malabsorption and
as well as maldigestion of nutritional factors [12,17].
The studies on the effects of liver cirrhosis on transke-
tolase activity provide equivocal results ranging from
inhibitory influence of the liver dysfunction on TPP
stimulation of TK activity [6] to no effects [8]. That was
the rationale for exclusion of patients with an active
liver dysfunction and liver cirrhosis from our study. In
our study, transketolase activity showed only a trend
of the decrease, but still without markers of thiamine
deficiency. Down-regulation of transketolase activi-
ty, as suggested in our study, may be one of possible
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pathomechanisms of alcoholic neuropathy. Oxidative
stress observed along with other disturbances in alco-
hol-dependent patients and related to decreased tran-
sketolase activity constitutes the therapeutic target.
To conclude, our study has established a decrease
in transketolase activity in diabetic neuropathy, with-
out any indication of thiamine deficiency. In contrast
to the significant decrease in basal transketolase
activity in patients with diabetic neuropathy, an unex-
pected insignificant trend for lowering TK activity in
alcoholic neuropathy was found. The application of
transketolase activity tests is not used as widely as it
may be expected basing on experimental and clinical
studies. We suggest that abnormalities in transke-
tolase activity, when expressed in three modalities:
basal activity, NTKZ and activity after the stimulation
with thiamine pyrophosphate may be differentiated
as thiamine-dependent or resulting from posttrans-
lational modification. The TK estimation should be
thus considered as the golden standard, before ini-
tiation of the thiamine/benfotiamine substitution, as
an element of pathogenesis-oriented, tailored ther-

apy.
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