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Abstract
·AIM: To compare the effects of thiamine pyrophosphate
(TPP) and thiamine (TM) in oxidative optic neuropathy in
rats induced by ethambutol.

·METHODS: The animals were divided into four groups:
a control group (CG), an ethambutol control (ETC) group,
TM plus ethambutol group (TMG), and TPP plus
ethambutol group (TPPG). One hour after intraperitoneal
administration of TM 20 mg/kg to the TMG group and
TPP 20 mg/kg to TPPG group, 30 mg/kg ethambutol was
given gavage to all the groups but the CG. This
procedure was repeated once daily for 90d. After that
period, all rats were exposed to high levels of
anaesthesia in order to investigate the gene expression
of malondialdehyde and glutathione in removed optic
nerve tissue and histopathologically to examine these
tissues.

· RESULTS: Malondialdehyde gene expression
significantly increased, whereas glutathione gene
expression significantly decreased in the ETC group
compared to the CG. TM could not prevent the increase
of malondialdehyde gene expression and the decrease of
glutathione, while TPP significantly could suppress.
Histopathologically, significant vacuolization in the optic

nerve, single -cell necrosis in the glial cells, and a
decrease in oligodendrocytes were observed in the ETC
group. Vacuolization in the optic nerve, a decrease in
oligodendrocytes and single-cell necrosis were found in
the TMG group, while no pathological finding was
observed in the TPPG group except for mild
vacuolization.

·CONCLUSION: TPP protects the optic nerve against
the ethambutol -induced toxicity but TM does not. TPP
can be beneficial in prophilaxis of optic neuropathy in
ethambutol therapy.
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INTRODUCTION

E thambutol is a commonly used drug for the treatment of
tuberculosis. Ethambutol often is used in cases with

resistance anti-tuberculosis drugs [1]. Therefore, ethambutol
usually is required for use against most tuberculosis strains.
However, side effects observed during ethambutol therapy
remain one of the most important causes of treatment
discontinuation. Although side effects such as peripheral
nervous system disease, thrombocytopenia and hepatotoxicity
are seen with ethambutol use [2-4], its most important side effect
is optic neuropathy. Ethambutol has adverse side effects on
peripheral nervous system disease, thrombocytopenia, and
hepatotoxicity [2-4], but mainly on neuropathy [5]. Optic
neuropathy symptoms develop months after initiation of the
treatment [6]. However, emerging toxic neuropathies after
taking ethambutol also have been reported [7]. Studies have
demonstrated that optic neuropathy might occur with
ethambutol treatment even at low doses[7-8]. Optic neuropathy
connected with ethambutol has been reported to dose
dependently range from 3% -10% [9]. This demonstrates that
the toxicity of ethambutol in the optic nerve is selective
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compared to other tissues. Therefore, elucidation of the toxic
effects of ethambutol on the optic nerve and treatment for
pathogenesis is important.
There are no studies in the literature elucidating toxic
mechanism of ethambutol. However, oxidative stress was
observed in patients after medical therapy with ethambutol
and other anti-tubercular drugs, suggesting the side effects of
these medications in the etiopathogenesis [10]. Sahin [11]

reported that experimentally administered ethambutol
increases the amount of malondialdehyde (MDA), a lipid
peroxidation product in the optic nerve that decreases activity
of the endogenous antioxidant superoxide dysmutase (SOD),
producing oxidative damage, whereas Nebbioso [12]

reported that oxidative injury of the optic nerve can be
treated with antioxidants. Aditionally, Cinici [13] reported
that thiamine pyrophosphate (TPP) protect the eye from
ethambutol toxicity by inhibiting the overproduction of
MDA, and preserving the total glutathione (tGSH) level.
There is no data in the literature about protective effects of
TPP and TM against ethambutol-induced oxidative optic
nerve damage. Therefore, the aim of this study was to
investigate the gene expression and histopathological effects
of TPP in oxidative optic neuropathy induced with
ethambutol in rats and to evaluate these effects in comparison
with TM.
MATERIALS AND METHODS
Animals Animals used in this study were supplied by the
Recep Tayyip Erdogan University, Medical Experimental
Application & Research Center. A total of 48 male albino
Wistar rats weighing 340-350 g were used in the experiment.
Animals were housed and fed at room temperature (22℃ ) in
the pharmacology laboratory for 1wk before the experiment.
Animal experiments were performed in accordance with the
National Guidelines for the Use and Care of Laboratory
Animals and approved by the Local Animal Ethics
Committee of Recep Tayyip Erdogan University, Rize,
Turkey(ethicscommitteenumber:2015/10;dated:2015-02-20).
Chemical Agents Sodium thiopental was obtained from
Ibrahim Etem Ulagay, Turkey; thiamine (TM) and TPP from
Biopharma, Russia; and ethambutol from Unipharm Drug,
Turkey.
Experimental Procedure Rats used in this study were
divided into four groups, a control group (CG), an
ethambutol control (ETC) group, a TM plus ethambutol
group (TMG), and a TPP plus ethambutol group (TPPG). An
injection was administered i.p. to the TMG ( =12) group
and 20 mg/kg TPP to TPPG ( =12) group. Ethambutol was
given oral gavage to the TMG, TPPG, and ETC ( =12)
rat groups one hour after the original drug administration.
Distilled water was administered as a solvent at the same
volume in the CG ( =12) group. This procedure was
repeated once a day for 90d [13]. After the period was over, all

the rats were killed with a high dose administration of
thiopental sodium anaesthesia and gene expression of MDA
and glutathione (GSH) were determined in the removed optic
nerve tissues. In addition, tissue samples were examined
histopathologically. Gene expression and histopathological
outcomes obtained with the TMG, TPPG, and CG groups
were evaluated in comparison with outcomes of the ETC
group.
Gene Expression of Malondialdehyde and Glutathione
RNA isolation RNA was isolated from the homogenizated
optic nerve samples using the Roche Magna Pure Compact
LC device (Meinheim, Germany) with MagNA Pure LC
RNA Kit (Roche Diagnostics, Germany). The quantity and
quality of the isolated RNA was assessed with a nucleic acid
measurement device (Maestro Nano, USA). A total of 50 滋L
of RNA samples were stored at -80℃ .
cDNA synthesis The cDNA was synthesized from the
isolated RNA samples using the Transcriptor First Strand
cDNA Synthesis Kit (Roche Diagnostics). For each subject,
1 滋L ddH2O, 10 滋L RNA, and 2 滋L random primer were
combined and incubated in a thermal cycler for 10min at
65℃ . After incubation, 4 滋L reaction buffer, 0.5 滋L
RNAase, 2 滋L deoxynucleotide mix, and 0.5 滋L reverse
transciptase were added, and the reactions were incubated for
10min at 25℃ , 30min at 55℃ , and 5min at 85℃ , then held
at 4℃ .
Quantitative gene expression evaluation by real -time
polymerase chain reaction For each cDNA sample, gene
expression of MDA and GSH, and thereference gene (G6PD)
were analyzed using the Roche LightCycler 480 II real-time
polymerase chain reaction (PCR) instrument (Meinheim,
Germany). The PCR in a final volume of 20 滋L: 5 滋L
cDNA, 3 滋L distilled water, 10 滋L LightCycler 480 Probes
Master (Roche Diagnostics, Germany) and 2 滋L primer-
probe set (Real-Time Ready single assay-Roche, Germany).
Cycle conditions of the relative quantitative polymerase chain
reaction (qPCR) were preincubation at 95℃ for 10min,
followed by 45 amplification cycles of 95℃ for 10min, 6℃
for 30s, 72℃ for 1min, followed by cooling at 40℃ for
30min. A qPCR analysis and calculation of the quantification
cycle (Cq) values for relative quantification were performed
with the LightCycler 480 Software, Version 1.5 (Roche
Diagnostics). Relative quantitative amounts were calculated
by dividing the target genes by the expression level of the
reference gene. The reference gene was used for
normalization of target gene expression.
Histopathologic examination Enucleaction materials
removed from the rats were fixed in a 10% formalin solution,
and 5 滋m sections were obtained from the paraffin blocks
after the routine tissue monitoring process and stained using
haematoxylin and eosin (H&E). All the sections were coded
and examined under a light microscope (Olympus BX 51,
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Tokyo, Japan) by two independent pathologists who were
blind to the treatments applied and the images were taken
with a digital camera (Olympus DP 71).
Statistical Analysis Statistical analyses were carried out
using the Statistical Package for Social Sciences, Windows
version 18.0 (SPSS, Chicago, IL, USA). Descriptive statistics
for each variable were determined. Normality of the data
distribution was assessed with the Kolmogorov-Smirnov test.
Results for continuous variables were demonstrated as mean依
standard error of the mean (mean依SEM). The significance of
differences between the groups was determined using the
one-way ANOVA test followed by Fisher's post-hoc LSD
(least significant differences) analysis. A value less than
0.05 was considered significant.
RESULTS
Histopathologic Findings In Figure 1A, normal
histopathologic view of astrocyte (long arrow) and
oligodendrocytes (short arrow) of the optic nerve in the CG
group was monitored under a light microscope (H&E, 伊40).
All of the TMG and ETC group which examined the
histopathology have been found with obvious signs of optic
neuropathy. However, only 33% of TPPG group was seen
mild vacuolization. Vacuolization (arrow) was marked with
the small magnification of the optic nerve in the ETC group,
which received only ethambutol (H&E, 伊10; Figure 1B).
Whereas in the large magnification, marked single-cell
necrosis in the glial cells (long arrow) and a decrease in the
oligodendrocytes (short arrow) were monitored with a light
microscope (H&E, 伊100; Figure 1C). Vacuolization (arrow)
was seen in the optic nerve of the TMG group (H&E, 伊40;
Figure 1D). In the large magnification, a marked decrease in

the oligodendrocytes (short arrow) and single-cell necrosis
(long arrow) (H&E, 伊100; Figure 1E). Normal numbers of
astrocytes (long arrow) and oligodendrocytes (short arrow)
and mild vacuolization (double arrow) were observed in the
optic nerves of the TPPG group (H&E, 伊40; Figure 1F).
Gene Expression As seen in Figure 2, MDA gene
expression levels in the optic nerve tissue of the CG, ETC,
TMG, and TPPG groups were found to be 1.8依0.28, 5.1 依
0.56, 4.8依1.25, and 2.1依0.55, respectively. The increase in
the MDA gene expression was significantly greater in the
optic nerve tissue of the ETC group compared to the CG
group ( <0.0001). The increase in the ethambutol-induced
MDA gene expression was not prevented by TM ( >0.05),
whereas TPP significantly prevent the increase ( <0.0001).

Figure 1 Light microscopic view of the study groups A: CG normal histopathologic view; B: ETC vacuolization (arrow); C: ETC
single-cell necrosis in the glial cells (long arrow) and decrease in the oligodendrocytes (short arrow); D: The TMG vacuolization (arrow); E:
TMG decrease in the oligodendrocytes (short arrow) and single-cell necrosis (long arrow); F: The TTPG groups normal numbers of astrocytes
(long arrow), oligodendrocytes (short arrow) and mild vacuolization (double black arrow).

Figure 2 The effects of TMG and TPPG on MDA and GSH
gene expression levels against optic neuropathy induced with
ethambutol in rats a <0.0001, according to ETC group.
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GSH gene expression levels in the optic nerve tissue of the
CG, ETC, TMG, and TPPG groups were found 6.9 依0.78,
1.2依0.14, 2.0依0.61, and 6.3依0.46, respectively (Figure 2).
Ethambutol led to a decrease of GSH gene expression in the
optic nerve tissue of rats ( <0.0001). TPP prevented the
decrease in GSH gene expression due to ethambutol ( <
0.0001), whereas TM was insufficient to prevent of the
decrease ( >0.05) (Figure 2).
DISCUSSION
In this study, the effect of TPP on oxidative optic neuropathy
induced with ethambutol in rats was investigated through
gene expression and histopathologic examination and
evaluated in comparison with TM. The reason for the
comparison of TPP to TM was that some drugs inhibit the
transformation of TM to TPP, (the active form of TM) by
inhibiting the thiamine pyrophosphokinase (TPK) enzyme[14-15].
This causes the reduction of activity of TM. Therefore, TPP
compared with TM activity was evaluated. The study also
evaluated the relationship between the inhibition of TPK and
the toxic effects of ethambutol on the optic nerve. This study
investigated the protective effects of TPP against optic
neuropathy induced with ethambutol, an active form of TM[16].
TPP was demonstrated to protect the tissue against oxidative
stress by decreasing the amount of oxidant increase and
alteration of endogenous antioxidants [17]. It has been reported
in a previous study that ethambutol causes damage in retinal
tissue, increasing oxidant parameters and reducing
antioxidant parameters. Also, TPP inhibits the ethambutol-
induced oxidative retinal damage, while TM does not, as
evidenced by the histopathological findings [13]. This suggests
TPP may be useful in prevention and treatment of oxidative
optic neuropathy due to ethambutol. Results showed that
MDA gene expression increased and GSH gene expression
decreased in rat optic nerve tissues administered with
ethambutol compared to healthy tissue. It has been reported
that ethambutol increases MDA and total oxidant capacity
but decreases the antioxidant capacity in the optic nerve
tissue of animals [11]. Ethambutol increases the amount of
MDA and reduces the amount of GSH in the retinal tissue[13].
The literature review and results of this study indicate that
oxidative stress develops in the optic nerve tissue of the
ethambutol-administered animals. According to Williams [18],
oxidative stress plays a role in the pathogenesis of many
eye-disease's stress such as conjunctiva, cornea, uvea
inflammation, lens cataract, glaucoma, and optic neuritis.
Izzotti [19] suggested that optic nerve damage result from
oxidative stress. Optic neuropathy is a well-known
complication of ethambutol therapy [20] and several studies in
the literature have demonstrated that antioxidants such as
N-acetylcysteine and SOD are useful in the prevention of
oxidative injury in the optic nerve[12].

In our study, the MDA and GSH expression levels for the
TPPG group were closest to the CG group, and mild
vacuolization was observed in the optic nerve tissue.
However, marked vacuolization, single-cell necrosis in glial
cells and oligodendrocytes decrease were observed in the
TMG and ETC groups, having high MDA and low GSH gene
expressions. There are several studies showing the significant
vacuolization in optic nerve damage [21]. Also, some
experimental studies have demonstrated that vacuolization
may be caused by the toxic effects of medications [22]. Zubair

[23] histopathologically demonstrated that vacuolization
develops in the optic nerve of ehtambutol-administered
animals shown in vacuolization caused by ethambutol in
retinal tissue [24]. Again single-cell necrosis was found in glial
cells of the TMG and ETC groups, while single-cell necrosis
was not observed in the TTP administered animals.
Single-cell necrosis developed in the optic nerve induced by
ethambutol, consistent with the literature. The same finding
was reported by Kinoshita [25]. The negative effect of
ethambutol on glial cells was determined by Gong and
Amemiya[26], it was expressed as the cause of the reduction of
zinc. In addition, TTP prevented a decrease in
oligodendrocytes caused by ethambutol. It is understood from
some studies that oxidative stress plays a role in pathogenesis
decrease in oligodendrocytes [27]. In a study conducted by
El-Sayyad [28] with animals, demyelination decrease in
oligodendrocytes and astrocytes were argued to be a result of
oxidative stress. As is known, the astrocytes are a type of
glial cell and the myelin is produced by oligodendrocytes.
This information from the literature is consistent with our
histopathological results. The literature reports that oxidative
stress in oligodendrocytes depends on the use of ethambutol
or B-group vitamin deficiency [29]. This is consistent with our
experimental results. In our study, we determined that the
TPP protects against the toxic effects of ethambutol on the
optic nerve tissue, but TM doesn't protect. The previous study
showed that the TPP protects against the toxic effects of
ethambutol on the retinal tissue, but TM was unable to
protect [13]. As is known, TM can not enough transformation
to TPP in cells leads to the functions and organic disorders in
the tissue [30]. In the TTP deficiency, pyruvate and lactic acid
accumulates in the blood and tissues [31]. The accumulation of
lactic acid and pyruvate leads to tissue damage in the eye's
retina tissue [32]. According to Polat [15], TPP prevented
oxidative damage induced by doxorubicin, while TM could
not; in addition, it was argued in the same study that
doxorubicin prevented TPP production by inhibition of the
enzyme expression of TPK and therefore, externally
administered TM could not prevent cardiotoxicity caused by
doxorubicin. It was stated again in another study that,
although normal levels of TM were found in the blood, TM
deficiency indications in the tissue also may be seen [33]. This
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information suggests that ethambutol might lead to a decrease
in TPP production and neuropathy in optic nerve tissue by
inhibition of TPK enzyme activity since it is argued that
some medications inhibit TPK, preventing its conversion
to TPP, an active form of TM and lead to vitamin
deficiency [14,34-35]. In the future this study will be examine with
more animals and more detailed by adding the ERG and
electron microscopy evaluation.
In conclusion, oxidative damage in rat optic nerves caused by
ethambutol was demonstrated based on the MDA and GSH
gene expression and histopathological findings. TPP was
understood to protect optic nerve tissue against the toxic
effect of ethambutol. However, TM could not protect the
optic nerve against the toxicity of ethambutol. Therefore, it is
thought that TPP may be useful in optic neuropathy caused
by ethambutol.
However, in order to explain why the presence of TM is
ineffective against ethambutol toxicity, detailed research
should be performed later to determine the ethambutol-
inhibitory effect on the TPK enzyme.
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