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Cobalt is a trace element that increases lipid peroxidation and malondialdehyde levels and reduces the antioxidant defense
mechanisms of nerve cells. High levels of cobalt exposure may cause peripheral neuropathy, but the mechanism behind this
has not yet been elucidated. Taxifolin is a flavonoid whose antioxidant and anti-inflammatory properties are well-known. We
aimed to investigate the effect of taxifolin on cobalt-induced oxidative sciatic nerve damage. Eighteen albino male Wistar rats
were assigned to three groups: Control, Cobalt, and Taxifolin + Cobalt groups. Total oxidant and total antioxidant status and
levels of malondialdehyde, total glutathione, and superoxide dismutase were measured to determine the effect of taxifolin on
cobalt-induced sciatic nerve injury. The following statistically significant effect of taxifolin was observed: It prevented cobalt-induced
oxidative sciatic nerve damage by reducing malondialdehyde levels and total oxidant status and increasing total antioxidant
status, total glutathione levels, and superoxide dismutase levels. In a histopathological analysis, we observed similar findings in
Control and Taxifolin + Cobalt groups. We determined that taxifolin is effective in preventing cobalt-induced oxidative damage in

sciatic nerve injury.
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INTRODUCTION

Cobalt (Co) is a trace element involved in the syn-
thesis of cobalamin (vitamin B12) that plays an im-
portant role in cellular growth, differentiation, and
development (Kikuchi et al., 2018). Daily intake of vita-
min B12 for an adult has been calculated as 2.4 ug/day
(about 0.1 pg/day as Co) (Battaglia et al., 2009; Kikuchi
et al., 2018). Intake of lower amounts of vitamin B12
may lead to anemia (Kikuchi et al., 2018; Zheng et al.,
2019); conversely, high doses of cobalt exposure could
cause peripheral neuropathy, but the mechanism be-
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hind this has not yet been elucidated (Kikuchi et al.,
2018). It has also been proven that Co, which could
cross the blood-brain barrier, is toxic to the central
nervous system (Zheng et al., 2019).

Co is frequently used in skin-whitening creams,
in orthopedic and dental implants, and in the hard
metal industry, which produces cutting tools that are
primarily used for manufacturing industrial products
and parts (Denizoglu and Duymus, 2006; Andersson
et al., 2020; Tanoglu et al., 2020; Ashraf et al., 2021).
Co can enter the body in a nanoparticular form, but
the toxic effect of Co nanoparticles has been report-
ed to be attributable mainly to Co ions dissolved from
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particulate aggregates (Kikuchi et al., 2018). Elevated
levels of Co were reported in blood and urine samples
of occupationally exposed workers (Karovic et al.,
2007). Additionally, heavy metal debris and corrosion
products released from the surface of Co-alloyed pros-
theses and implants have a detrimental effect on all
organs, including the nervous system (Keegan et al.,
2008; Clarke et al., 2015; Tanoglu et al., 2020). More-
over, peripheral neuropathies have been reported
in patients with Co-containing orthopedic implants
(Clarke et al., 2015).

Cobalt chloride (CoCl,) increases lipid peroxidation
and malondialdehyde levels and reduces the antioxi-
dant defense mechanisms of nerve cells (Zheng et al.,
2019). These alterations are the main mechanisms of
the pathogenesis of Co-associated neurotoxicity (Zheng
et al., 2019). It was reported that the neurotoxic effect
of CoCl, in brain tissue may be prevented through the
repair of reduced antioxidant enzyme activity and the
inhibition of increased lipid peroxidation (Akinrinde
and Adebiyi, 2019).

Taxifolin (Tax) (3,5,7,3,4-pentahydroxy flavanone
or dihydroquercetin) is a flavonoid which is a bioactive
constituent of onion, French maritime pine bark, milk
thistle, orange, and grapefruit. It has been revealed
in the literature that Tax has various pharmacologi-
cal effects, including antioxidant, anti-inflammatory,
antiviral, antibacterial, hepatoprotective, anti-cancer-
ous, and neuroprotective properties (Zu et al., 2014;
Tanaka et al., 2019; Yang et al., 2019). The inhibitor ef-
fects of Tax on the production of reactive oxygen spe-
cies were demonstrated in a study by Cai et al. (2018).
The results of various studies suggest that Tax may be
useful in mitigating and preventing Co-induced sci-
atic nerve injury. Therefore, in our current study, we
aimed to investigate the effects of Tax on Co-induced
oxidative sciatic nerve damage using biochemical and
histopathological analyses. Few studies have examined
the effects of different flavonoids on peripheral nerve
damage (Yasar et al., 2019; Basu and Basu, 2020; Uddin
et al., 2020). To the best of our knowledge, no study has
investigated the effects of Tax on Co-induced sciatic
nerve damage.

METHODS
Animals

In this study, a total of 18 male, 10 to 12-week-old
albino Wistar rats weighing between 275 and 287 grams
were obtained from Ataturk University Medical Exper-
imental Application and Research Center. The rats un-
derwent a two-week adaptation period to the new en-
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vironment. The rats were caged individually in a con-
trolled environment with a 12-hour light/dark cycle,
temperature of 23 + 2°C, humidity of 40 to 70%, and free
access to food and drinking water.

The experimental study protocols were approved by
the Ethics Committee of Ataturk University, Erzurum
Turkey Animal Care Ethics Committee (Number: 255,
Date: 26.12.2019), and the study was performed in ac-
cordance with the National Institute of Health’s guide
for the care of laboratory animals (NIH Publications
No. 8023).

Chemicals

In this study, thiopental sodium was supplied from
Ibrahim Etem - Menarini Pharmaceuticals (istanbul /TUR-
KEY), cobalt chloride (CoCl, x 6 H,0) from Merck (Darm-
stadt/Germany), and taxifolin from Evalar (Moscow/Rus-
sia, Catalog Number: RU.77.99.88.003.E.012499.12.14).

Experimental procedure

Eighteen male albino Wistar rats were divided into
the following three groups: a control group (n=6), Co
group rats receiving CoCl, solution (CoCl, x 6 H,0), and
Tax + Co group rats receiving taxifolin and CoCl, solu-
tion. In the control group, only distilled water was ap-
plied via oral gavage into the stomach. In the Co group,
distilled water was initially applied, and one hour after
the administration of distilled water, 150 mg/kg CoCl,
was applied via oral gavage into the stomach for 7 con-
secutive days, as described in a study by Akinrinde and
Adebiyi (2019). In the Tax + Co group, 50 mg/kg Tax
was initially applied, and one hour after Tax admin-
istration, 150 mg/kg CoCl, was applied via oral gavage
into the stomach for 7 consecutive days, as described in
a study by Salcan et al. (2020). At the end of this period,
all animals were sacrificed through the intraperitoneal
administration of 50 mg/kg thiopental sodium. A lin-
ear incision of approximately 4.5 cm was made from
the posterolateral region of the left and right thighs.
The skin in that area has been separated over the mus-
cles. After the dissection of the gluteal muscle, the sci-
atic nerve was exposed between the femoral, biceps,
and semitendinosus muscles using forceps. The sciatic
nerve was isolated from the surrounding tissues up to
the branching point in the popliteal area and dissected
using scissors. The middle third of sciatic nerves were
excised with epineurium bilaterally. The dissection
process took four minutes after anesthesia. The mid-
dle part of the right sciatic nerve was placed in 10%
formalin solution for histopathological examination.
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The middle part of the left sciatic nerve was placed in
the Eppendorf tube for the evaluation of biochemical
parameters.

Total oxidant status (TOS), total antioxidant status
(TAS), levels of malondialdehyde (MDA), total glutathi-
one (tGSH), and superoxide dismutase (SOD), and the
histopathological alterations of the nerve samples were
evaluated. A pairwise comparison of the study groups
in terms of biochemical and histopathological results
were performed.

Biochemical analysis

Approximately 60 mg of samples of sciatic nerve
were thoroughly washed with NaCl (0.9%). Tissues
were homogenized with liquid nitrogen. After the ho-
mogenization process, 2 ml of Tris-HCl buffer solution
(pH 7.4, 0.15 M) was centrifuged at 4000xg at 4°C for
10 min. The obtained supernatants were used for bio-
chemical analysis, including protein quantity, malond-
ialdehyde (MDA), total glutathione (tGSH), superoxide
dismutase (SOD) levels, and total oxidant and total an-
tioxidant status.

Protein concentration measurement was per-
formed according to the Bradford method (Kruger,
1994). The principle of the measurement is based on
the absorbance at 595 nm of the colored complex
formed by the binding of Coomassie Brilliant Blue
G-250 dye to proteins.

Malondialdehyde analysis

Malondialdehyde measurements were based on
a method employed by Ohkawa et al. (1979) involving
the spectrophotometrical measurement of the absor-
bance of the pink-colored complex created by thiobar-
bituric acid (TBA) and MDA. A tissue-homogenate sam-
ple (0.1 mL) was added to a solution containing 0.2 ml
of 80 g/L sodium dodecyl sulfate, 1.5 mL of 200 g/L ace-
tic acid, 1.5 mL of 8 g/L 2-thiobarbiturate, and 0.3 mL
of distilled water. The mixture was incubated at 95°C
for 1 h. Upon cooling, 5 mL of n-butanol:pyridine (15:1)
was added. The mixture was vortexed for 1 min and
centrifuged at 2000xg for 30 min. The absorbance of
the supernatant was measured at 532 nm, The standard
curve was obtained using 1,1,3,3-tetramethoxypropane
(Ohkawa et al., 1979).

Total glutathione analysis
Total glutathione analysis was undertaken using

a method described by Sedlak and Lindsay (1968).
5,5’-dithiobis (2-nitrobenzoic acid) (DTNB) is a chro-
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mogenic chemical and is reduced seamlessly via sulf-
hydryl groups. The yellow color produced during the
reduction was measured using spectrophotometry
at 412 nm. For the measurement, a cocktail solution
(5.85 mL 100 mM Na-phosphate buffer, 2.8 mL 1 mM
DTNB 3.75 mL 1 mM NADPH, and 80 uL 625 U/L gluta-
thione reductase) was prepared. Prior to measurement,
0.1 mL of meta-phosphoric acid was added to 0.1 mL
of tissue-homogenate and centrifuged at 2,000xg for
2 min for deproteinization. A 0.15 mL cocktail solution
was added to the 50 uL of supernatant. The standard
curve was obtained using oxidized glutathione (GSSG)
(Sedlak and Lindsay, 1968).

Superoxide dismutase analysis

The measurements were performed according to the
method proposed by Sun et al. (1988). SOD is formed
through the conversion of xanthine to uric acid by
xanthine oxidase. When nitro blue tetrazolium (NBT)
is added to this reaction, SOD reacts with NBT, and
a purple-colored formazan dye occurs. The sample was
weighed and homogenized in 2 ml of 20 mmol/L phos-
phate buffer containing 10 mmol/L EDTA at pH 7.8. The
sample was centrifuged at 4000xg for 10 minutes, and
supernatant was then used as the assay sample. The
mixture, containing 2,450 uL of measurement mixture
(0.3 mmol/L xanthine, 0.6 mmol/L EDTA, 150 umol/L
NBT, 0.4 mol/L Na,CO,, 1 g/l bovine serum albumin),
500 uL of supernatant, and 50 uL of xanthine oxidase
(167 U/1), was vortexed and incubated for 10 min. At
the end of the reaction, formazan formed. The absor-
bance of the purple-colored formazan was measured at
560 nm.

Measurements of total oxidant status and total
antioxidant status

The TOS and TAS of tissue homogenates were deter-
mined using a novel automated measurement method
and commercially available kits (Rel Assay Diagnostics,
Turkey), which were both developed by Erel (2004, 2005).
The TAS method is based on the bleaching of the char-
acteristic color of a more stable 2,2’-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS) radical cation
by antioxidants, and the measurement is performed
at 660 nm. The results are expressed as nmol hydro-
gen peroxide (H,0,) equivalent/L. In the TOS method,
the oxidants present in the sample oxidize the ferrous
ion-o-dianisidine complex to ferric ion. The oxidation
reaction is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. Ferric ion
produces a colored complex with xylenol orange in an
acidic medium. The color intensity, which can be mea-
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sured with a spectrophotometer at 530 nm, is compared
to the total amount of oxidant molecules present in the
sample. The results are expressed as umol Trolox equiv-
alent/L. In this study, the percentage ratio of TOS to TAS
was used as the Oxidative Stress Index (0SI), which was
calculated by dividing TOS by 100 x TAS.

Histopathological analysis

Initially, sciatic nerve samples were fixed in a 10%
formaldehyde solution for a light microscopic assess-
ment. Following the identification process, the sciatic
nerve samples were washed under tap water in cas-
settes for 24 h. The sciatic nerve samples were then
passed through a series of increasing ethanol to de-
hydrate the tissues and were kept for 10 min in each
ethanol solution (70%, 80%, 90%, and 100%) to gradu-
ally dehydrate the tissues. Sciatic nerve samples were
passed through xylol and were embedded in paraffin,
Four-to-five micrometer sections were prepared from
the paraffin blocks, and hematoxylin-eosin staining
was applied. The photos of the samples were taken fol-
lowing the assessment performed using the Olympus
DP2-SAL firmware program (Olympus® Inc. Tokyo, Ja-
pan). In the serial slices of each experimental group,
including a central and five peripheral slices, six areas
in each of six sections at 100x magnification were se-
lected and scored in terms of destruction, perineurium
disjunction, Schwann cell degeneration, and conges-
tion. The severity of the histopathological findings in
each section were graded as 0-normal, 1-mild damage,
2-moderate damage, and 3-severe damage. The histo-
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pathological assessment of the slices was performed by
a pathologist blinded to the study groups.

Statistical analysis

The sample size was calculated by accepting the
type 1 error level as 0.05 and the power of the study
and the effect size as 0.8; the total sample size was cal-
culated to be at least 15 models. A statistical analysis
was performed using SPSS version 25 (IBM, NY, USA).
All samples in the groups have exhibited a normal
distribution, according to the Kolmogorov-Smirnov
test and parametric ANOVA test used for the statisti-
cal evaluation. The means * standard deviations of the
groups were calculated for the evaluation of the de-
scriptive data. A Bonferroni correction was performed
for the pairwise comparisons of the study groups. All
histopathological grading scores displayed a normal
distribution according to a Kolmogorov-Smirnov test.
Therefore, an ANOVA test was used for the comparison
of the histopathological results of the groups. The level
of statistical significance was accepted as 0.05.

RESULTS

The means * standard deviations and p-values of
the pairwise comparison of the groups in terms of
TOS, TAS, and the levels of MDA, tGSH, and SOD were
indicated in Table 1. MDA levels and TOS were statis-
tically significantly lower in the Tax + Co group com-
pared to the Co group. In the Tax + Co group, tGSH

Table 1. Means + standard deviations and the pairwise comparison of the groups.

Control (C) Cobalt (Co) Taxifolin + Cobalt Significant differences p values for pairwise
Mean + SD Mean + SD (Tax + Co) between groups comparisons
Mean + SD
MDA Co>C <0.001*
(umol/gr protein) 45+0.14 8.1+0.23 5.0+0.1 Tax+Co>C <0.001*
Hmolgr p Co>Tax +Co <0.001*
tGSH C>Co <0.001*
(nmol/ar protein) 12.2+0.42 5.5+0.28 10.8 £0.38 C>Tax + Co <0.001*
grp Tax + Co > Co <0.001*
soD C>Co <0.001*
(U/gr protein) 12.7£1.12 46+04 10.6 £ 0.38 C>Tax+Co <0.001*
erp Tax + Co > Co <0.001*
TOS Co>C <0.001*
(nmol H202/mg 6.0 £ 0.62 11.7 £0.53 6.5+0.42 Tax+Co>C 0.39
protein) Co >Tax + Co <0.001*
(TArTSwI Trolox c>Co <0.001%
e“ uivalent/m 8.5+0.47 3.5+0.43 7.8+0.22 C>Tax+Co 0.008*
q g Tax + Co > Co <0.001*

protein)

* Statistically significant; Significance level p<0.05; MDA: malondialdehyde, tGSH: total glutathione, SOD: superoxide dismutase, TOS: total oxidant status,

TAS: total antioxidant status.
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and SOD levels and TAS were statistically significantly
higher than the Co group.

The histopathological analysis results for the con-
trol group indicated a normal histological structure
of the sciatic nerve samples, including the myelinated
nerve fibers together with the axon in the central lo-
cation, the surrounding Schwann cells, the connective
tissue around the bundle of myelinated nerve fibers,
and the vessels (Fig. 1A). In contrast to the control
group, degenerated and swollen myelinated nerve fiber
axons, loss of the central location, and hypertrophic
and hyperplasic images of the Schwann cells forming
the myelin sheath and the vessel congestions were ob-
served in the Co group. It was observed that peripher-
al nerve fascicles lost their connection with the peri-
neurium. The perineurium was irregular and discrete
(Fig. 1B and 1C). In the Tax + Co group, the myelinated
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nerve fibers were observed mostly in a normal struc-
ture with the centrally located axons. Additionally, the
Schwann cells displayed normal morphology, and the
vessel congestion was not observed (Fig. 1D). The quan-
titative data concerning histopathological changes in
sciatic nerves are presented in Table 2.

DISCUSSION

The most important finding of the current study
was that cobalt-induced oxidative damage in the sci-
atic nerve could be reduced with the administration
of taxifolin. Lethal dose 50 (LD50) values in Wistar rats
have been determined for different Co compounds.
Speijer et al. (1982) determined the LD50 dose for co-
balt chloride as 418 mg/kg in Wistar rats. Death has

Fig. 1. (A) Hematoxylin-eosin staining of the sciatic nerve section in the control group; myelinated axon (»), Schwann cell (>), blood vessel (), x200.
(B) Hematoxylin-eosin staining of the sciatic nerve section in the cobalt group; degenerated myelinated axon (»), hypertrophic and hyperplasic Schwann
cell (>), congested blood vessel (%), disjunction in perineurium (%) x400. (C) Hematoxylin-eosin staining of the sciatic nerve section in the cobalt group;
degenerated myelinated axon (»), hypertrophic and hyperplasic Schwann cell (), congested blood vessel (%), disjunction in perineurium (%) x400.
(D) Hematoxylin-eosin staining of the sciatic nerve section in the cobalt + taxifolin group; myelinated axon (), Schwann cell (>), blood vessel (), x400.
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Table 2. Means + standard deviations and the comparison of the groups according to the histopathological analysis results.

Control Cobalt Cobalt + Taxifolin P Value

Mean + SD Mean + SD Mean + SD
Destruction 0.0+0.0 25+05 0.5+0.5 <0.001
Perineurium Disjunction 0.0+£0.0 27+04 04+0.3 <0.001
Schwann Cell Degeneration 0.0+0.0 25+0.6 0.6+0.4 <0.001
Congestion 0.0+0.0 25+05 0.5+0.5 <0.001

The severity of histopathological findings in each section was graduated as 0-normal, 1-mild damage, 2-moderate damage, and 3-severe damage.

been reported in Sprague-Dawley rats by the gavage
administration of 161 mg/kg Co chloride (Domingo et
al., 1984; Faroon, 2004). In our study, 150 mg/kg CoCl,
was applied and we did not observe any physical side
effects.

In a study of Wang et al. (2009) after a single oral
dose of 50 mg/kg Tax, the peak plasma concentration
as 1438.8 + 359.7 ng/mL, time to maximum concen-
tration as 9.5 + 3.3 min, the half-life value as 48.0
29.0 min were measured in rats. It has been shown that
the rapid absorption of Tax from the gastrointestinal
tract and rapid distribution to the blood plasma, liver,
heart, spleen, brain, skeletal muscles, lungs and kid-
neys of the rats. Tax is then metabolized and excreted
via urine, but the amount of pure taxifolin eliminated
through urine is quite lower (Wang et al., 2009; Das et
al., 2021). Severe side effects due to Tax have not yet
been reported (Das et al., 2021). Additionally, animal
studies have shown that Tax is nontoxic even at high
doses (Bernatova and Liskova, 2021). The highest dose
of Tax applied on rats was 1,500 mg/kg, and this dos-
age was considered to be the “No Observed Adverse
Effect Level of Tax.” Assuming a factor of 100, the ac-
ceptable daily intake dose for humans was calculated
to be 15 mg/kg (Das et al., 2021). In our study, a 50
mg/kg/day dosage of taxifolin was administered.

We examined MDA, tGSH, and SOD levels, TOS, and
TAS to investigate the oxidative stress. MDA is a marker
that indicates the severity of lipid peroxidation, which
causes the destruction of structural proteins and cellu-
lar structures (Ohkawa et al., 1979).

Glutathione plays an important role in the oxi-
dation-reduction balance of cells by removing toxic
metabolites and maintaining their sulthydryl groups
(Sedlak and Lindsay, 1968). The antioxidant system
typically responds through enzymes associated with
glutathione synthesis to any stress inducer (Kubrak
et al., 2012). SOD is a metalloenzyme that catalyzes
the conversion of superoxide to hydrogen peroxide.
The measurement of TAS and TOS capacities provides
more valuable information than the individual mea-
surements of oxidants and antioxidants. Measuring

antioxidant and oxidants individually is time-con-
suming and expensive, as it requires the use of com-
plex techniques. Therefore, TAS and TOS measure-
ments are more commonly adopted methods (Erel,
2004; 2005).

Co is an essential element for the synthesis of vi-
tamin B12, as it leads to human cell differentiation
and development. Exposure to high levels of Co is also
known to have toxic effects (Apostoli et al., 2013). Co
toxicity was introduced for the first time in 1966 with
the addition of a foam-stabilizing agent containing Co
into beer, called “Beer Drinker’s Cardiomyopathies”
(Morin and Daniel, 1967; Apostoli et al., 2013; Peters
et al., 2017). Co toxicity primarily affects mitochon-
drial functions (Karovic et al., 2007; Catalani et al.,
2012). Exposure to high levels of Co destructs the mi-
tochondrial membrane and increases the release of
apoptogenic factors (Karovic et al., 2007; Catalani et
al., 2012). Co-related mitochondrial dysfunction mim-
ics hypoxia, which leads to DNA fragmentation, acti-
vates caspase, and increases reactive oxygen species
(ROS) production (Karovic et al., 2007; Catalani et al.,
2012; Lan et al., 2016). When the amount of ROS ex-
ceeds the antioxidant capacity of the cell, irreversible
cell damage occurs (Lan et al., 2016).

Although Co is believed to be an inert ion in vi-
tro, several studies have shown increased serum and
remote tissue Co ion levels due to wear, corrosion,
stress, friction, and fatigue of implants in vivo (Kee-
gan et al., 2008; Apostoli et al., 2013). The toxic ef-
fects of Co particles, which are released from Co alloy
implants, have been demonstrated in the literature
(Keegan et al., 2008; Clarke et al., 2015). Although the
mechanism of Co toxicity has not yet been fully eluci-
dated, findings such as blindness, deafness, tinnitus,
hand tremor, cognitive impairment, depression, ver-
tigo, heart failure, and peripheral neuropathy related
to Co toxicity have been reported (Keegan et al., 2008;
Catalani et al., 2012; Apostoli et al., 2013; Clarke et al.,
2015). Although the in vivo studies about Co-related
polyneuropathy are limited, it is known to be a sig-
nificant factor that negatively affects quality of life
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(Oldenburg et al., 2009; Tkeda et al., 2010). The audi-
tory and visual neuropathic effects of Co have been
extensively investigated (Apostoli et al., 2013).

In the histopathological examinations of our study,
destruction, perineurium disjunction, Schwann cell
degeneration, and congestion levels were statistical-
ly significantly higher in the Co group compared to
the control group. In a study by Apostoli et al. (2013)
which investigated the neuropathic effects of Co in
rabbits, severe retinal and cochlear ganglion cell de-
pletion, along with optic nerve damage and loss of
sensory cochlear hair cells, were observed. However,
unlike our study results, no significant ultrastructur-
al changes were observed in the sciatic nerve. The
different results may be related to the usage of rab-
bits and the application of lower amounts of Co in the
study by Apostoli et al. (2013).

In our study, we found that MDA levels and TOS
were statistically significantly higher in the Co group
compared to the control group. In the Co group, tGSH
and SOD levels and TAS were statistically significantly
lower than in the control group. Kubrak et al. (2012)
also reported that high doses of Co ions increased
the reactive oxygen products in the heart and gills of
goldfish, inducing the antioxidant defense system by
activating enzymes, such as SOD.

Taxifolin is a bioactive constituent of onion, French
maritime pine bark, milk thistle, orange, and grape-
fruit (Zu et al., 2014; Tanaka et al., 2019; Yang et al.,,
2019). Tax is a catechol-type flavonoid that has strong
antioxidant and anti-glycation activity (Nam et al,,
2015; Tanaka et al., 2019). Tax, which has been widely
used in medicine, improves immune system, reduces
the formation of cancer cells, exhibits strong antibac-
terial activity, and prevents neurocognitive disorders
(Zu et al., 2014; Tanaka et al., 2019; Yang et al., 2019).
Tax acts as an antioxidant that reduces the reactive ox-
ygen species and enzymes inhibition, inducing the che-
lation of metal ions and generating membrane-bound
antioxidants (Leopoldini et al., 2004; Yang et al., 2019).
It has been demonstrated that the antioxidant activity
of Tax is due to the electrochemical redox potentials,
especially that of the ring A hydroxyl groups evaluated
by deoxyribose degradation assay (Chobot et al., 2016;
Sunil and Xu, 2019).

In our study, we determined the significant anti-
oxidant effects of Tax in preventing Co-induced ox-
idative nerve damage by reducing MDA levels and
TOS and by increasing the tGSH, SOD levels, and TAS.
Additionally, the histological analysis results support
the protective effect of Tax on Co-induced sciatic
nerve injury.

Some studies have revealed the antioxidant effect
of Tax on different types of cells, and our results also
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support these results (Peters et al., 2017; Sunil and Xu,
2019; Yang et al., 2019). Zhang et al. (2019) have proven
that Tax increases TAS and SOD activity in cardiomyo-
cytes, decreases MDA levels, and diminishes the oxida-
tive processes triggered by Di-2-ethylhexyl phthalate.
Tang et al. (2019) reported that Tax increases SOD ac-
tivity and reduces MDA levels in ischemic myocardial
cells. Nam et al. (2015) found that Tax reduces MDA
levels in proteasome inhibitor-induced oxidative pro-
cesses and promotes glutathione formation.

In our study, Tax induced a statistically significant
decrease in MDA levels and TOS, which is an indica-
tor of oxidant activity. We also observed a statisti-
cally significant increase in TAS and levels of mean
tGSH and SOD, which indicate the antioxidant activi-
ty. We detected no statistically significant difference
between the Tax + Co and control groups in terms of
mean TOS. The absence of a significant difference is
evidence that Tax could reverse the increased total
oxidant status due to Co toxicity to the mean values
measured in the control group.

Our study is the first study, which investigate the
protective effects of Tax on Co-induced peripheral
neuropathy by measuring the TOS, the TAS, and the
levels of MDA, tGSH, and SOD quantitatively. We no-
ticed that the histopathological findings of Co-in-
duced sciatic nerve damage were milder in the Tax +
Co group compared to the Co group. We believe that
the milder histopathological changes could be a result
of the protective effect of Tax on the sciatic nerve.

There are some limitations of our study. This is
an experimental study affected by all the biases of
animal studies. We did not evaluate the effect of the
Co and Tax levels on blood or on sciatic nerve tissue,
and we did not analyze the effects of Tax and Co with
different doses and durations. We designed our study
with a sample size of six per study group, which may
be considered relatively small. However, the total
sample size prior to the study was calculated to be at
least 15 models and the post hoc analysis of our study
has revealed that the power of the study was 99%.

CONCLUSION

Our experimental data suggests that low doses of
Tax, when co-administered with cobalt, may allevi-
ate cobalt-related sciatic nerve injury. Further studies
should focus on the in vivo antioxidant pathways of
Tax to determine the protective mechanism on nerve
tissue. Prospectively, well-designed human studies are
necessary to determine whether these antioxidants,
which have been shown to be effective in preventing
nerve damage in rats, are also effective in humans,
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