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Abstract. - OBJECTIVE: The aim of this
study were to investigate a role of oxidative
stress and the therapeutic efficacy of caffeic
acid phenethyl ester (CAPE) in the pathogene-
sis of neurotoxicity induced by isoniazid and
etambutol in a rat model.

MATERIALS AND METHODS: Male Spra
Dawley rats were randomly divided into eight
perimental groups: control, INH, ETM, INH+E

investigation.
RESULTS:

total antioxidant ca-
peroxide dismutase

CO CLUSIONS CAPE may protect against
INH- and ETM-induced neurotoxicity in rat brain
and sciatic nerve.
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line antituberculosis therapy, INH is most often
related with the side effects on central and pe-
ripheral nervous system as well as most promi-
nently peripheral neuropathy, psychosis and
seizures. Moreover, adverse reactions like optic
neuropathy have been reported with other antitu-
berculosis drugs like ETM?. Although there are a
few reports over a sensory peripheral neuropathy
of ETM, it is not known yet whether ETM aggra-
vates the neurotoxicity induced by INH in the
combination therapy®. While these agents are ef-
fectively used in patients with tuberculosis, the
treatment may have to be discontinued by a vari-
ety of neurotoxic side effects including restless-
ness, insomnia, headaches, muscle twitching,
psychiatric symptoms, seizures, peripheral neu-
ropathy, and optic neuropathy**. However, sever-
al hypotheses were suggested, the exact mecha-
nisms of INH-induced neurotoxicity have not
been determined yet. Oxidative stress, of course,
is one of the mechanisms proposed to be respon-
sible for INH neurotoxicity’. Increased free radi-
cal production gives rise to toxic effects on mem-
brane phospholipids, resulting in formation of
toxic products, such as malondialdehyde (MDA).
Both the decrease of total antioxidant capacity
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(TAC) and the increase of total oxidant status
(TOS) are closely related to oxidative stress. The
normalization of those levels by any therapeutic
agent is very important for the alleviating of ox-
idative tissue damage®’. Anti-oxidant compounds
have long been proven to be remarkably benefi-
cial to combat the oxidative injury of the central
and peripheral nervous systems. Therefore, the
brain and nerve damage generated by the com-
bined therapy of INH and ETM can be reduced
by adding an antioxidant substance like caffeic
acid phenethyl ester (CAPE), which is extensive-
ly used in oxidative stress related studies®’.
CAPE is one of the major components of honey-
bee propolis and its numerous effects such as an-
ti-cancer, anti-inflammatory, potent antioxidant,
immunomodulatory, anti-allergic, and neuropro-
tective properties have been announced®'°. In the
previous studies, we reported that CAPE might
protect spinal cord, brainstem and sciatic nerve
from oxidative damage caused by methotrexate
treatment in a rat model'!. Furthermore, amelio-
rating role of CAPE against isoniazid-induced
oxidative damage on red blood cells was de-
clared before’. In the present study, it is aim
investigate neurotoxic side effects induce
INH and ETM of antituberculosis agents in
brain and sciatic nerve, and to determine t

is a first study assessing the
CAPE on the neurotoxici i
ETM via oxidative p
logical analyses.

nd was performed in
Welfare Guidance for
pared by, Animal Ethics
niversity. Male Sprague-

rom the Laboratory Animal Pro-
Unit of Dicle University, and used in the
ent. The rats were placed in a temperature
°C) and humidity (50% + 5%) controlled
room in which 12 h light/dark cycles were main-
tained for 1 week before the start of the experi-
ment. A standard diet and tap water were provided
ad libitum. The rats were divided into eight experi-
mental groups as in ten animals in each group:
Control, INH treatment group, ETM treatment

group, INH+ETM treatment group, INH+CAPE
treatment group, ETM+CAPE treatment group,
INH+ETM+CAPE treatment group, and CAPE
treatment group. INH and ETM were given orally
at a dose of 50 mg/kg per day inside tap water for
30 days®!? and CAPE was administered at dose of
10 mol/kg intraperitoneally for 30 daysgin rele-
vant groups as described previousl i

the brain and sCW¥tic nerve tissues were
in 10% aldehyde for histopathological

rain and sciatic nerve samples were
and immediately stored at —50°C. As-

homogenate that is prepared at 14,000 rpm for 30
min at +4°C. The protein concentration of the tis-
sues was measured by the Lowry et al'3. Super-
oxide dismutase (SOD) activity was measured
according to Fridovich!*). Serum PON-1 levels
were measured spectrophotometrically by a mod-
ified version of the Eckerson et al method".
Lipid peroxidation level was measured by
Ohkawa et al and expressed as MDA!S. Nitric ox-
ide (NO) levels were determined by the Griess
method'”. The TAC of supernatant fractions was
evaluated using a novel automated and colori-
metric measurement method developed by Erel'®
and its results are expressed as nmol Trolox
equivalent/mg protein. The TOS of supernatant
fractions was evaluated using a novel automated
and colorimetric measurement method developed
by Erel". The assay was calibrated with hydro-
gen peroxide, and the results are expressed in
terms of nmol H,0, equivalent/mg protein***!.

Histopathological Analyses

For light microscopic investigation, brain tis-
sue specimens were fixed in 10% formaldehyde,
dehydrated in alcohol solution, embedded in
paraffin, and used for histopathological examina-
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tion. Four micrometer thick sections were cut,
deparaffinized, hydrated, and stained with hema-
toxylin and eosin (H&E) under a light micro-
scope (Nikon Eclipse 80i, Tokyo, Japan). An ex-
perienced histologist who was blind to the groups
examined all tissue sections microscopically to
characterize the histopathological changes.

Statistical Analysis

The Kolmogorov-Smirnov test assessed the
normality of the distribution for all variables.
Mann-Whitney U-test was used for variables that
do not meet the normality assumption. The one-
way analysis of variance (ANOVA) and post hoc
multiple comparison tests (LSD) were performed
on the data of biochemical variables to examine
differences among groups. A p-value of < 0.05
was considered statistically significant. Data are
expressed as mean + SD.

Results

Biochemical

Biochemical results of the brain and scj
nerve tissues are shown in Tables I and II.
INH group, the level of MDA and TOS in
the brain and sciatic nerve tissues were hig
than those of the control group (p, b). SO

Table I. Biochemical

cantly decreased in the INH group compared
with the control group (p = 0.007). By CAPE
adding to INH treatment caused a significant de-
crease in MDA and TOS generation in the same
tissues compared to INH alone (p < 0.001). Fur-
thermore, there was a significant increase in TAC
levels, SOD and PON-1 activities in C
INH group compared to INH alone (4
the ETM group, similar to INH gig
TOS levels were significantly
of the control group (p < O,

a significant decrease j
tion in brain and sci
to ETM alone

levels and SQ, S, it was

CAPE and ETM t
inc PON-1 a in brain and sciatic

addition to a signifi-

M group, MDA and TOS lev-
ined significantly higher than
¢ control group (p < 0.001). Whereas
adding within this group, seen a de-

son to the INH + ETM group (p < 0.05) (CAPE
plus INH + ETM group). In a similar way, TAC
levels, and SOD and PON-1 activities were de-
creased in the INH + ETM group compared with

TOS (mmol H,0, MDA (nmol/g SOD PON-1
Eq./g protein) protein) (U/L) (U/L)
0.50 + 0.06 156.1 £39.6 238.0 £20.0 3.97 +£0.58 159+1.5
34 +0.10 233.2+49.2 368.4 +£36.8 2.09 £0.35 107+ 1.8
0.52 +0.08 180.5 +22.1 221.5+422 371 +1.51 155+2.8
0.48 £0.20 123.7 £39.8 227.9 £46.0 3.03+0.74 129 +2.8
0.37 +£0.08 2355+71.4 362.2 +58.5 221 +0.88 10.1+£2.1
0.57 +0.15 161.1 £23.6 238.9 +41.5 3.07£1.01 125+1.8
0.30 £ 0.09 2514 £60.2 4114 +51.7 2.10+£0.33 84+19
(VIID) 0.52+0.13 184.6 + 36.7 286.9 +41.5 3.40 +1.88 15727
0.007 (*%*) 0.002 (**) 0.001 (**%*) 0.001 (*%#%*) 0.001 (*#%*)
0.014 (*) 0.001 (*#%*) 0.001 (*#%) 0.05 (*) 0.035 (*)
v 0.03 (*) 0.001 (*#%) 0.001 (*#%*) 0.001 (*%#%*) 0.001 (*#%)
V-VI 0.001 (%) 0.001 (*#%*) 0.001 (**%*) N.S. 0.033 (*)
I-VII 0.001 (*#%*) 0.001 (*#%*) 0.001 (*%#%*) 0.001 (*%#%*) 0.001 (*%#%*)
VII-VIIL 0.001 (¥#%*) 0.011 (*) 0.001 (*#%*) 0.02 (*) 0.001 (*#%*)
II-VII N.S. N.S. N.S. N.S. 0.039 (*)
V-VII N.S. N.S. 0.029 (*) N.S. N.S.
I-1IT N.S. N.S. N.S. N.S. N.S.
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Table Il. Biochemical results of rat sciatic nerve tissue.

TAC (mmol Trolox TOS (mmol H,0, MDA (nmol/g soD PON-1
Groups Eq/g protein) Eq./g protein) protein) (U/L) (U/L)
Control (I) 0.30 £ 0.04 86.1 £9.1 2218 £6.72 60.46 +12.33 1.08 +0.15
INH (II) 0.11 £0.03 167.8 £58.2 32.80+7.61 3735+6.70  0.22+£0.28
CAPE (11I) 0.29 £0.04 86.4 + 6.6 20.44 + 3.87 67.41 £12.62 0
INH+CAPE (IV) 0.37 £0.20 65.2+13.9 22.38+7.14 59.41 + 14.83
ETM (V) 0.14 £ 0.03 200.6 + 44.5 39.29 £ 11.28
ETM+CAPE (VI) 0.22 +£0.35 58.9 +24.4 22.0+3.26
ETM+INH (VII) 0.15+0.04 178.1 £20.6 41.21 £3.85
ETM+INH+CAPE (VIII) 0.12+0.14 92.2 +70.1 23.69 + 6.25
p values
I-1T 0.007 (*%) 0.001 (*#%*) 0.001 (**%*)
I-1v 0.001 (*#%*) 0.001 (*#%) 0.001 (*#%)
1-v 0.031 (%) 0.001 (*#%*)
V-VI N.S. 0.001 (*#%*)
I-VII 0.04 (%) 0.001 (*#%)
VII-VIIL N.S. 0.039 (*)
II-VII N.S. N.S.
V-VII N.S. N.S. .S.
I-11T N.S. N.S. N.S.

N.S.: Not significant p > 0.05. (*)p < 0.05, (**)p < 0.01, (***)p
each table.

the control group (p < 0.05). But, there was
nificant increase in TAC levels, and SOD
PON-1 activities thanks to CAPE addltlon wit

SOD activity of sciatic nerve
the INH +ETM group
plus INH treatment caj

@ to the ETM group (Figure 1D).
arly, fewer edema was observed in the
H+CAPE group compared to the
YNH group (Figure 1E). A moderate level
of edema and vascular congestion was observed
in the INH group. Similar to the control group,
no edema was observed in brain tissues in
INH+CAPE and CAPE groups. Neurodegenera-
tive changes, necrosis or hemorrhage were not
observed in any of the groups.

1; Degrees of statistical significant among groups in

Discussion

ative stress reflects an imbalance between
the systemic manifestation of reactive oxygen
species (ROS) and a biological system’s ability
to readily detoxify the reactive intermediates. It
is thought to be involved in the development of
many diseases or may exacerbate their symp-
toms. As a result of an increase in ROS that at-
tacks cellular structures like lipids, proteins, and
DNA, causes oxidative damage. Fortunately cells
have appropriate defense mechanisms and en-
zymes that metabolize free radicals or their pre-
cursors, Some antituberculosis drugs have been
reported to a cause of oxidative damage in vari-
ous tissue’. Measurement of TOS and MDA pro-
vides a sensitive index of lipid peroxidation and
oxidative stress>!8. In a study, it was declared that
an increase in lipid peroxidation was correlated
with the degree of oxidative effects of INH in rat
hippocampus’. Gokalp et al® reported that INH
caused a significant increase in MDA levels of
rat red blood cells, and its amount were de-
creased by CAPE co-administration. Rana et al
(22) reported that there was an increase in the
lipid peroxidation hepatic damaged rats by isoni-
azid and rifampicin. In the current study, it was
also determined a significant increase in TOS
and MDA levels in brain and sciatic tissues of the
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Figure 1. A, The brain tissue appear normal in control group (haey
distinct edema was observed in ETM group (haematoxylin and eosi
observed in INH + ETM group (haematoxylin and eosin staining,
ETM+CAPE group (Figure 1D) compared to the ETM group (haema

edema was observed in the ETM+INH+CAPE group
magnification x200).

ETM were co- admlnlstered
reached the highest level,

the brain and sciatic nerve tis-
Wative stress, resulting from INH
TM toxicity. In addition, CAPE normalizes
DA and TOS levels increased by antitu-
Psis medication, which may also indicate
that CAPE can be effective in both central and
peripheral nervous systems.

Cells have antioxidant defense mechanisms
against free radical production. This restricts or
decrease their harmful effects?®. The overproduc-
tion of oxidants can be detoxified by enzymatic

yhn and eosm staining,Ymagnification x200). B, The
ution x200). C, The distinct edema was
D, Fewer edema was observed in the
aining, magnification x200). E, Fewer
Youp (haematoxylin and eosin staining,

and non-enzymatic endogenous antioxidants,
such as glutathione, uric acid, SOD, catalase, and
glutathione peroxidase, causing their cellular
stores to be depleted®?.

Although the individual measurement of ei-
ther oxidants or antioxidant components may
give information about oxidative injury, but the
determination of oxidants along with antioxi-
dants is more useful in this context. Thereby,
TOS and TAC levels may be measured simulta-
neously to assess oxidative stress more precise-
ly®181° However, it also investigated MDA lev-
els, and SOD and PON-1 activities in INH
and/or ETM groups. In the study, it was dis-
played that TAC levels were significantly de-
creased in both INH and ETM administered
rats compared to controls. The decrease in TAC
may result from the overconsumption of all en-
dogenous antioxidants during the neurotoxicity
of these drugs. Additionally, there was a lower
SOD in the same groups in comparison to con-
trols. SOD catalyzes the conversion of superox-
ide radical into hydrogen peroxide. Thus, this
enzyme protects the cell against toxic effects of
superoxide radicals®*. PON-1 is an antioxidant
enzyme that prevents oxidation of low-density
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lipoprotein by hydrolyzing lipid peroxides>2*.
In addition to lipid peroxides, PON-1 has ef-
fects on hydrogen peroxide as well®. The de-
creased in SOD and PON-1 activities are prob-
ably a result of inactivation of ROS that is pro-
duced by these drugs, or decreased production
and/or increased catabolism of these enzymes
due to INH and ETM toxicity. As a result,
PON-1 activity is reduced in case of high ox-
idative stress>?°. So, the decline in SOD and
PON-1 activities of rat brain and sciatic tissues
might be related to INH- and ETM-induced ox-
idative stress. In both INH- and ETM-treatment
groups, supplementation of CAPE improved
SOD and PON-1 activities in brain and sciatic
nerve tissues. Our study indicates that CAPE
significantly prevents the depletion of brain and
sciatic tissue SOD and PON-1 activities by
scavenging free radicals produced by both INH
and ETM administration.

Deteriorations in cellular energy and metabo-
lism balance may result in deteriorations in liquid
balance of the cell. Hydrophobic degeneration is
mostly the primary finding of cellular injury.
While a significant toxic effect may caus
death of cell by necrosis, a moderate toxic
will cause the death of cell by vascular con
tion, edema, apoptosis, or cellular degene
tion**?’. In the present study, bot
did not cause necrosis in the brag

group; and, a moder
vascular congestion

ggests that INH and ETM are
P increased lipid peroxidation and
ts in rat brain and sciatic nerve tissues
erimentally administered. So, it is con-
siderc® that oxidative stress is a cause of INH-
and ETM-induced neurotoxicity. Simultaneously,
significant reduction in toxicity by the addition
of CAPE also suggests that CAPE ameliorates
neurotoxicity induced by INH and ETM, and can
be combined as a potential neuroprotective drug
for tuberculosis therapy.
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