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Abstract Thiamine or vitamin B1 is a well known coenzyme and nutrient necessary for the assembly and right
functioning of several enzymes involved in the energy
metabolism. The present study evaluates oxidative stress
and prevalence of neurodegenerative conditions in the
brain following TD. The study was carried out on mice
(Musmusculus) in three groups, namely control and thiamine-deficient group for 8 (TD 8) and 10 (TD 10) days.
Lipid peroxidation was determined in terms of reduced
glutathione (GSH) and thiobarbituric acid reactive substance (TBARS). The level of antioxidant enzymes such as
catalase (CAT), glutathione reductase, glutathione peroxidase (GPx), superoxide dismutase (SOD) and glutathione
transferase (GST) were measured along with histopathological studies in all the groups. There was significant
increase in the TBARS levels in group II (TD 8) and group
III (TD 10) animals in comparison to controls (Group I).
The GSH levels were found to be lower in both the treated
groups. The level of antioxidant enzymes CAT
(p \ 0.001), glutathione reductase (p \ 0.001), GPx
(p \ 0.001), SOD (p \ 0.0001) were found to be significantly reduced in group III (TD 10) in comparison to
controls. Histopathological studies showed moderated to
extensive neuronal loss in group II and group III in comparison to control group. The increase in LPO and reduction in enzymes CAT, glutathione reductase, GPx, SOD,
and GST following TD suggests mitochondrial
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dysfunction, neuronal loss acute oxidative stress that may
impair the functioning of the brain along with the rise of
neurodegenerative conditions in the affected animals.
Keywords Thiamine  Brain  Mitochondria  Energy
metabolism  Neurodegeneration

Introduction
Thiamine (vitamin B1) is water soluble vitamin which is
required for assembly and proper functioning of several
mitochondrial enzymes in cell function and energy production. Thiamine deficiency denoted as TD generates
changes in brain function that closely model diseases with
characteristics of neurodegeneration such as alcoholic
brain disease, stroke, Alzheimer’s disease and multiple
sclerosis. TD is one of the main causes of Wernicke’s
encephalopathy. Mitochondria are the power house and key
regulators of cell survival and death and are responsible for
energy production of the cell. Thiamine is essential as
cofactor of three mitochondrial enzyme complexes namely
a-ketoglutarate dehydrogenase complex (KGDHC), pyruvate dehydrogenase complex (PDHC), and branched-chain
a-keto acid dehydrogenase. These three enzyme complexes
are central to mitochondrial energy production. Impaired
energy metabolism in mitochondria due to reduced ATP
production weakens calcium buffering and augments generation of reactive oxygen species (ROS) [1]. Impairment
in mitochondria energy metabolism also severely affects
the functioning of brain.
Though brain is only 2% of the human body weight yet
it consumes 20% of the oxygen. It stores little energy but it
is mostly reliant upon the constant supply of energy giving
substrates. Any derailment in this pathway leads to
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alteration in neurological function, loss of consciousness
and comma within minutes [2]. Brain is highly susceptible
to oxidative imbalance due to its high oxygen utilization,
energy demand and rich content of polyunsaturated fatty
acids (PUFAs) that are highly vulnerable to lipid peroxidation, high levels of ROS and lower activity of antioxidant enzymes [3]. The main energy substrate of brain is
glucose but under certain conditions brain has the ability to
make use of other energy substrate such as ketone bodies
during starvation and development [4] or lactate during
periods of physical activity [5]. TD leads to multiple cascades of events such as impairment in brain glucose
metabolism [6] and cerebral energy dysfunction, breakdown of the blood–brain barrier, distorted glutamate neurotransmission, buildup of amyloid precursor like protein,
increased free radical production, and oxidative stress
[7–9].
Mitochondria are main ATP generating organelle which
is essential for cellular function [10]. During the production
of energy, mitochondrial ROS is produced. Production and
detoxification of mitochondrial ROS are firmly balanced.
Oxidative stress occurs when cellular antioxidant defense
mechanism are insufficient to keep ROS levels below a
toxic threshold. When the production of ROS in mitochondrial exceeds and the ability of cell’s antioxidant
system decreases, the levels of ROS rises which induces
oxidative stress that can damage lipid, protein and DNA.
These processes will eventually lead to cell injury and cell
death [11]. The formation of ROS is prevented by antioxidant system: low molecular mass antioxidants (ascorbic
acid and glutathione), enzymes regenerating the reduced
forms of antioxidants, and ROS-interacting enzymes such
as SOD, peroxidases and catalases [12]. These antioxidants
enzymes prevent the formation of hydroxyl radical and
protect the cell components from oxidative damage [13].
The sequential mechanistic pathway involving brain
energy metabolism and oxidative due to TD cannot be
revealed in autopsied human brain, however, experimental
animals offer the opportunity to determine the plausible
cause and extent of damage leading to neurodegeneration.
The TD model will help to find out the combinatorial
factors (biochemical and pathological) amounting to neuronal loss and oxidative damage in the brain. The
sequential mechanism of events and their relationship in
generating multiple cascading effects in TD and related
neurodegenerative disorders is still unknown. Neurons are
usually considered to be the most sensitive brain cells that
are prone to disruption of oxidative metabolism by
hypoxia, ischemia, or toxins. The aim of our study is to
illustrate the oxidative stress related events in brain
induced by TD which leads to the development of neurodegenerative conditions.
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Materials and Methods
Chemicals
Pyrithiamine hydrobromide (P0256-1 mg) was purchased
from Sigma-Aldrich. All others chemicals were purchased
from Himedia (Mumbai, India) and all the chemicals were
of analytical grade.
Animals
In the present experimental study, male Swiss mice (Mus
musculus), 8–10 weeks old, and weighing 25 ± 5 g were
used (DIPSAR, Delhi Institute of Pharmaceutical Sciences
And Research, New Delhi). They were housed and fed with
pelleted diet (Hindustan Unilever Limited) and water
ad libitum. The animals were kept in a room and temperature was maintained between 28 and 32 °C. Animals were
allowed to acclimatize in the environment for a week
before the experiment. All the experiments protocols were
followed according the guidelines laid down by the Animal
Ethics Committee Rules and Regulations of the Institute.
Experimental Protocol and Induction of TD
In the present study mice were divided into three groups of
animals. There were six animals in each group.
Group I Control
Group II Thiamine-deficient diet ? pyrithiamine (TD
8 days)
Group III Thiamine-deficient diet ? pyrithiamine (TD
10 days)
Experimental TD was induced in mice by providing
them thiamine-deficient diet and animals were administered daily intraperitoneal injection of pyrithiamine (5 lg
in 0.1 ml normal saline/10 g body weight) [14]. The control animals were given daily intraperitoneal injection of
normal saline (0.1 ml saline/10 g body weight) and were
fed with normal pelleted diet.
Tissue Preparation
Mice were sacrificed by cervical dislocation. Brains were
removed from the sacrificed mice and cleaned with icecold saline. The mice brains were dissected in half for
biochemical assays and the other half was used for
histopathology. 10% tissue homogenate of the brain was
prepared in the buffer containing 50 mM Tris–HCl, 1 mM
EDTA, and 10% glycerol for estimation of biochemical
parameters. All the experiments were replicated thrice.

Lipid peroxidation is the oxidative degradation of lipids.
Lipid peroxide (LPO) levels were estimated by determining thiobarbituric acid reactive substances (TBARS) which
are formed as a byproduct of lipid peroxidation by the
method of Ohkawa et al. [15]. Reduced glutathione (GSH)
levels were determined by Ellman method [16]. Enzymatic
activity of catalase (CAT) was measured by the method of
Claiborne [17]. The rate of decomposition of hydrogen
peroxide (H2O2) was measured spectrophotometrically at
240 nm. Glutathione reductase activity was determined by
the method of Carlberg and Mannervik [18]. The enzyme
activity was measured by disappearance of NADPH at
340 nm. The glutathione peroxidase (GPx) activity was
measured by determining the rate of oxidation of NADPH
at 340 nm [19]. Superoxide dismutase (SOD) activity was
measured by the method of Dhindsa et al. [20]. The change
in absorbance was recorded at 560 nm due to formation of
formazon, a reaction product of NBT. The activity of GST
was measured by Habig et al. [21]. Protein estimation was
done by Lowry’s method.
Histopathological Studies
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The data were expressed as mean ± SEM. Student t test
was used to compare the groups. The level of significance
was chosen as p \ 0.05.

Results
Thiamine deficiency altered enzymatic and non enzymatic
defense mechanisms. Thiamine deficient treatment to mice
for 8 and 10 days altered non enzymatic antioxidant LP
level (Fig. 1). There was significant increase in the level of
TBARS in group II (TD 8; **p \ 0.01) and group III (TD
10; ****p \ 0.0001) in comparison to group I (control).
Among all the groups, significantly higher levels of
malondialdehyde (MDA) were observed in group III
(p \ 0.001). The levels of reduced glutathione (GSH) were
found to be decreased in group II and group III in comparison to the control group (Fig. 2). However, reduction in
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For histopathological studies, brain was dissected and it
was post fixed for 24 h in 10% formaldehyde and then
rinsed and stored in PBS until sectioning. At the time of
sectioning, brains were fixed in Bouin’s fixative and sections were prepared by using microtome at a thickness of
40 lm and stained with haematoxylin and eosin. Pathological changes were examined using a light microscope.
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Fig. 3 CAT activities in brain of different experimental groups

both the groups was not significant. Enzymatic activity of
antioxidants was also found to be altered in thiamine
deficient group of animals. A significant decline in the
enzymatic activity of catalase (CAT) was seen in the TD
brains of experimental groups (Fig. 3). The enzymatic
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Acvity of glutathione reductase in brain
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activity was significantly lower in group II (**p \ 0.01)
and group III (***p \ 0.001) animals in comparison to the
control group. Similarly, a significantly reduction (Fig. 4)
in activity of GR was also found in group II (p \ 0.01) and
group III animals (p \ 0.001) which were made thiamine
deficient. The enzymatic activity of glutathione peroxidase
(GPx; Fig. 5) was also found to be significantly decreased
in group II (**p \ 0.01) and group III (***p \ 0.001)
animals in comparison to the control animals. A significant
decline in the activity of superoxide dismutase (SOD) was
also seen in group II (***p \ 0.001) and group III animals
(****p \ 0.0001) in comparison to the control group
(Fig. 6). Minimum activity of SOD was observed in group
III among all experimental groups. The enzyme activity of
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Fig. 6 Activity of SOD in brain of different experimental groups
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Fig. 5 Activity of glutathion peroxidase in brain of different
experimental groups
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Brain sections of TD animals showed extensive damage as
evidenced by necrosis, vacuolization and degeneration of
neurons. The histological features of the brain in the control group showed a normal brain cortex architecture and
cell structure. No evidence of inflammation or damage to
any of the neuronal layers was seen (shown in Fig. 8a) in
the cortex region. Brain sample from TD 8 group showed
the shrinkage of several cortical neurons (indicated by
arrows) as shown in the Fig. 8b. High power photomicrograph of brain sample from TD 10 group showed the
shrinkage of several cortical neurons (indicated by arrows;
HE 9 1009) as shown in the Fig. 8c.

The animal model of TD characterizes an established
model of impaired cerebral oxidative metabolism that leads
to selective neuronal loss and neurological symptoms [14].
Our study investigates the effects of TD on the brain
oxidative machinery by determining alterations in enzymatic and nonenzymatic defense mechanisms. Thiamine is
vital for functioning of cell as well as for energy production
in the human body [22]. TD is induced in two groups (TD 8
and TD 10) by providing them with thiamine deficient diet
in combination with treatment of thiamine antagonist’s
pyrithiamine. Pyrithiamine inhibits transport of thiamine
and demonstrate composite and diverse action on thiamine
metabolism. It is a well recognized inhibitor of thiamine
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Fig. 7 Activity of GST in brain of different experimental groups

Fig. 8 Histopathology of brain
cortex. a High power
photomicrograph of brain
sample from control group
showing the cortical neurons
(Arrow). No evidence of
inflammation or damage to any
of the neuronal layers is seen.
(HE 9 1009). b High power
photomicrograph of brain
sample from TD 8 group
showing the cortical neurons
(Arrow). Shrinkage of several
cortical neurons (Arrow) is seen.
(HE 9 1009). c High power
photomicrograph of brain
sample from TD 10 group
showing the cortical neurons.
Shrinkage of several cortical
neurons (Arrow) is seen.
(HE 9 1009)

kinase. It provides a dependable method to make experimental TD in the mice that produce characteristics of
oxidative stress, inflammation leading to neurodegeneration [23]. Mice start to lose weight after 8 or 9 days of
pyrithiamine treatment. There is little or no neuronal loss
on day 8 that is followed by ataxia, paralysis and extensive
neuronal loss in select brain regions on day 9 or 10 [13].
TD diminishes the levels of reduced glutathione, which
is the cofactor for glyoxalase [24]. Our results were also in
agreement with these studies, levels of reduced glutathione
GSH in the brain of thiamine deficient mice group [TD
8 days and TD 10 days] were found to be decreased in
comparison to the control group. Glutathione (GSH) plays
a key role in a many cellular processes including cell differentiation, proliferation, and apoptosis and therefore
reduction in GSH will impact all these processes. As
expected, in our studies the TBARS levels were found
higher in the brain of mice of TD after 8 and 10 days.
Reduced level of GSH promotes lipid peroxidation (LPO).
Increased levels of LPO have also been reported by

(a) Control (Group I)

(b) TD 8 (Group II)

(c) TD 10 (Group III)
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Madrigal and co-workers [25] in rat brain. The authors
have reported that chronic stress induces increased level of
LPO, glutathione exhaustion and causes mitochondrial
dysfunction in rat brain.
The GSH reduction is also directly related to the rise of
ROS/RNS, lipid peroxides and extremely reactive hydroxyl
radicals that add to endorse free radical load and oxidative
stress [26]. Oxidative stress is an outcome on account of
differences between the production of free radicals or
reactive oxygen species and capacity of body to detoxify
their damaging effects through neutralization by anti-oxidants. Antioxidant enzymes such as CAT, SOD, GST, GPx
and GR prevent generation of ROS and hydroxyl radicals
and protect the cellular constituents from oxidative damage
which leads to cell injury. In our studies a significant
decrease was found in the activities of these enzymes in the
brain of TD mice group for 8 and 10 days as compared to
the control group. Antioxidant enzymes CAT and GPx
convert H2O2 into water [27]. Another enzyme Glutathione
reductase catalysis the reduction of oxidized GSH (GSSG)
to glutathione (GSH). GSH present in the brain is a key
antioxidant that protects cells from free radical generation
[13]. It has long been recognized that high levels of free
radicals or reactive oxygen species (ROS) can inflict direct
damage to lipids. Lipid peroxidation produces a wide
variety of oxidation products. Among the many different
aldehydes which are formed as secondary products during
lipid peroxidation are malondialdehyde (MDA), propanal,
hexanal, and 4-hydroxynonenal (4-HNE). These changes
will further impair cellular functions [28].
Increased level of oxidative stress may result in
enhanced superoxide (O2-) production and shortage in the
antioxidant enzyme production. An excess production of
ROS superoxide radical O2- has been found to be involved
in synaptic plasticity, impaired memory function and
neuronal death. The superoxide dismutase enzymes defend
neurons from high O2- environment. Therefore reduced
activity of SOD compromises defenses against oxidative
stress and eventually enhances peroxynitrite production
gradually as part of the secondary damage [29, 30]. H2O2 is
the most toxic molecules in the brain and antioxidant
enzymes such as CAT and GPx helps to get rid of H2O2.
Ansari and Scheff, (2010) [31] have reported decrease
activity of CAT in mitochondria that indicates loss of
major antioxidant defenses against ROS. Glutathione peroxidase (GPx) activity was also low in TD animals. Our
results are in conformity with the previous report that
suggests that low amount of NADPH in TD decreases GPx
activity in the heart tissue [32]. Another detoxification
enzyme is Glutathione-S-transferase (GST), which lessens
damage caused from the product of lipid peroxidation (4HNE and acrolein) by catalyzing its conjugation with GSH
[33]. Depletion of GST could result in increased protein
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modification or dysfunction and decline of GSH that will
further aggravate the oxidative stress.
The cerebral cortex region in dogs has been found to
be severely affected in thiamine pyrophosphate (TPP)dependent enzymes accompanied by reduced mitochondrial mass and oxidative phosphorylation capacity and
increase in the oxidative stress [34]. Similar to the above
observations, studies on TD induced neurodegeneration
has been confirmed by our histological studies in the
cortex region of mice brains. Neurodegeneration in the
tissues is characterized by morphological changes such as
neuronal loss and vacuolization. TD induces various
changes in microglia, mast cell, endothelial cells and
astrocytes. All these elements combine and cause neuronal death. Clingason and Gibson 2000 [35] also suggested that TD induces changes in these cell types that
lead to neuronal changes. The decline in the neuronal
population was observed in TD. The loss of neurons
progresses eventually and by 10 days there is acute neuronal loss and damage. These anatomical changes will
profusely affect the brain physiology. However, further
studies are warranted to find out the tissue specific
changes in other regions of brain and their correlation
with memory, behavioral and other cognitive deficits
observed during the later phases of TD.

Conclusion
Thiamin is an antioxidant, necessary for the production of
energy and right functioning of neurons. Thiamine deficiency (TD) models the impairment of oxidative metabolism and reduction in thiamin-dependent processes leads to
neurodegenerative disorders. TD induced changes of
oxidative metabolism advances oxidative stress that leads to
neuronal damage in specific brain regions. Although TD
induced changes has been underlined in neurological disorders with depleted metabolic processes in brain, a straight
relation to the pathophysiology has been missing. Our
studies have been able to link the TD induced biochemical
changes in brain with the pathological findings.
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