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Abstract

Background. Cisplatin is a non-specific platinum-based (derivative) chemotherapeutic agent that causes
anincrease in free radicals activity in the liver. Antioxidant activity of taxifolin has been demonstrated previ-
ously, and it has been reported that taxifolin inhibits the hydroxyl, radical in experimental studies.

Objectives. No studies were found in the current literature examining the protective effect of taxifo-
lin on cisplatin-induced oxidative liver damage. We aimed to determine the protective effect of taxifolin
on displatin-induced hepatotoxicity in an experimental study.

Materials and methods. In total, 18 albino Wistar male rats were assigned into 3 groups: healthy controls
(HC group), 5 mg/kg of cisplatin administered for 8 days (CIS group) and 50 mg/kg of taxifolin + 5 mg/kg
of cisplatin administered for 8 days (TCG group). Malondialdehyde (MDA), total glutathione (tGSH), total
oxidant (T0S), and total antioxidant (TAS) capacity levels were measured in the extracted liver tissue.

Results. Liver tissue MDA and TOS levels were significantly higher in the CIS group. In contrast, tGSH and TAS
levels were significantly lower in the CIS group, administered cisplatin alone (p < 0.001), compared to other
groups. In the TCG group, administered cisplatin + taxifolin, MDA and TOS levels were significantly lower,
whereas tGSH and TAS levels were significantly higher than in the CIS group (p < 0.001).

Conclusions. These results suggest that taxifolin may be useful in preventing cisplatin-related liver injury.
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Background

Cisplatin is a non-specific platinum-based (derivative)
chemotherapeutic agent used to treat stomach, testis, ovar-
ian, bladder, kidney, ureterovesical, head, and neck cancer.!
It has been reported to cause serious toxic effects in many
organs and systems during treatment.?~* The chemothera-
peutic efficacy of cisplatin increases together with the dose.
However, the increase in dose causes side effects such
as nephrotoxicity, ototoxicity, neurotoxicity, hepatotoxicity,
nausea, vomiting and, in 67% of patients, diarrhea, limiting
its clinical use.>® Cisplatin also causes an increase in free
radicals activity in the liver, leading to oxidative stress.’”
Intravenously administered cisplatin (180—-480 mg/m?) can
also reach high concentrations in the liver, except in kidney
and intestine, and may cause significant toxicity.® There-
fore, it has been reported that the most critical side effects
are hepatotoxicity and nephrotoxicity.” Hepatotoxicity
manifests as an increase in serum transaminase (alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST)) levels. Even the treatment dose used as a tumor sup-
pressor has been shown to cause hepatotoxicity.'® Although
the mechanism of injury of cisplatin is not well known,
some evidence suggests that it is caused by oxidative stress,
due to reactive oxygen species (ROS) activity.” The oxida-
tive stress induced by ROS causes a decrease in glutathione
(GSH), which is an endogenous antioxidant.

Furthermore, ROS affect cell membrane lipid peroxida-
tion and lead to occurrence of more toxic products such
as malondialdehyde (MDA).!* This suggests that anti-
oxidant therapy may help to prevent or reduce cisplatin-
induced hepatotoxicity. Studies have shown that various
antioxidants are protective against cisplatin hepatotoxic-
ity.!2 However, hepatotoxicity caused by cisplatin remains
one of the crucial reasons for limiting its use at the desired
dose. Therefore, several kinds of research to alleviate cispl-
atin hepatotoxicity are being pursued. In our study, we in-
vestigated whether taxifolin (3,34',5,7-pentahydroxiflava-
none), a flavonoid contained in onions, milk thistle, French
maritime bark, and Douglas fir bark, has a protective effect
against the hepatotoxicity of cisplatin.!® Antioxidant activ-
ity of taxifolin has been documented.!* In experimental
studies, taxifolin has been reported to inhibit the hydroxyl
radical (¢\OH), a ROS in the cell, and protects cellular DNA
from oxidative damage by antioxidant activity."® These
data suggest that taxifolin will protect liver tissue against
the oxidative damage caused by cisplatin.

Objectives

No data were found in literature reviews regarding the pro-
tective effects of taxifolin on cisplatin-induced liver toxicity.
Therefore, our study aimed to investigate, through biochemi-
cal analysis, whether or not taxifolin has a protective effect
on cisplatin-induced hepatotoxicity in rats.

N. Kurt et al. The antioxidant effect of taxifolin

Materials and methods
Study animals

Eighteen albino Wistar male rats (255-266 g) were ob-
tained from Atatiirk University Medical Experimental Ap-
plication and Research Center (Erzurum, Turkey). Before
the experiment, animals were housed and fed in the labora-
tory for 1 week at normal room temperature (22°C). Ani-
mal experiments were performed according to the National
Guidelines for the Use and Care of Laboratory Animals
and were approved by the local animal ethics committee
of Atatiirk University (approval No. 75296309-050.01.04-
E.1800138920, May 4, 2018).

Experimental procedure

The experimental animals were divided into healthy control
(HC) group, 5 mg/kg of cisplatin (CIS) group and 50 mg/kg
of taxifolin + 5 mg/kg of cisplatin (TCG) group. In this ex-
periment, 50 mg/kg of taxifolin (Evalar, Biysk, Russia) was
administered to the rats in the TCG group (n = 6) via oral
gavage. In the CIS (n = 6) and HC (n = 6) groups, distilled
water as a solvent was administered orally. In the literature,
the drugs investigated for action against the toxicity of cis-
platin were generally administered to the experimental ani-
mals 1 h before cisplatin.'® One hour after the administration
of taxifolin and distilled water, a total of 4 doses of cisplatin
(Ebewe-Liba, Istanbul, Turkey) were injected into animals
from TCG and CIS groups at a dose of 5 mg/kg intraperito-
neally (ip.) every 2 days."” Taxifolin and distilled water were
administered with the same method for 8 days once a day
in the specified dose and volume. At the end of this period,
the animals were sacrificed with high-dose (50 mg/kg) thio-
pental (IE Ulagay, Istanbul, Turkey) anesthesia, and the liver
tissues were removed. Malondialdehyde, tGSH, total oxidant
status (TOS), and total antioxidant status (TAS) levels were
measured in the extracted liver tissue. In addition, blood
samples were collected from the lateral tail vein of non-
anesthetized rats and centrifuged at 1500 x g for 10 min.
Then, ALT and AST activity was measured in the serum.

Biochemical analyses

Before dissection, all tissues were rinsed with phosphate-
buffered saline solution. The liver tissues were homogenized
in ice-cold phosphate buffers (50 mM, pH 7.4) that were ap-
propriate for the variable to be measured. The tissue homog-
enates were centrifuged at 5000 rpm for 20 min at 4°C, and
the supernatants were extracted to analyze MDA, tGSH,
TAS, TOS, and protein concentration. The protein concen-
tration of the supernatant was measured using the method
described by Bradford. All tissue results were expressed
by dividing by grams of protein.!® All spectrophotometric
measurements were performed using a microplate reader
(BioTek® Powerwave XS™; BioTek®, Winooski, USA).
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Malondialdehyde analysis

Malondialdehyde measurements were based on the method
used by Ohkawa et al., involving spectrophotometrically
measured absorbance of the pink-colored complex formed
by thiobarbituric acid (TBA) and MDA. Briefly, 25 uL of tis-
sue homogenate was added to a solution containing 25 pL
of 80 g/L sodium dodecyl sulfate and 1 mL of mixture
solution (20 g/L of acetic acid + 1.06 g 2-thiobarbiturate
+ 180 mL of distilled water). The mixture was incubated
at 95°C for 1 h. Upon cooling, the mixture was centrifuged
for 10 min at 4000 rpm. The absorbance of the supernatant
was measured at 532 nm. The standard curve was obtained
by using 1,1,3,3-tetramethoxypropane.’

Total glutathione (GSH) analysis

The amount of GSH in the total homogenate was
measured with the method used by Sedlak et al.?° and
Baker et al.,”! with some modifications. The principle
of the method is that the color intensity of dark yellow
5-thio-2-nitrobenzoic acid (TNB). The TNB is released
through the reduction of Ellman’s reagent (5,5"-dithiobis
(2-nitrobenzoicacid) — DTNB) by free thiol groups, and
is measured at a 412 nm wavelength (2 GSH + DTNB —
G-S-S-G + 2 TNB, dark yellow color compound).

First, the deproteinization process was applied to all ho-
mogenate samples to eliminate the reaction of protein sulf-
hydryl groups with Ellman’s reagent. The tissue homog-
enate was precipitated with 200 pL of 25% trichloroacetic
acid, and the precipitate was removed after centrifugation
at 2500 x g for 5 min at 4°C. The obtained supernatant
was used to determine the GSH level. A total of 200 pL
of measurement buffer (200 mmol/L of Tris-HCI buffer
containing 0.2 mmol/L of ethylenediaminetetraacetic acid
(EDTA) at pH 8.9), 100 pL of supernatant, 5 uL of DTNB
(10 mmol/L in methanol), and 5 pL glutathione reduc-
tase-NADPH mix (3.75 mL of 1 mM NADPH, and 80 pL
of 625 U/L glutathione reductase) were added to the plate
and incubated for 5 min at room temperature. The DTNB
was used as a chromogen, and it formed a yellow-colored
complex with sulfhydryl groups. The absorbance was mea-
sured at 412 nm using a spectrophotometer mentioned
above. The standard curve was obtained using reduced
GSH. According to the GSH standard curve, the GSH
levels of all tissues are calculated, and the results are ex-
pressed as nmol GSH/mg protein.

Total antioxidant status (TAS)
and total oxidative status (TOS) analyses

The TOS and TAS levels of tissue homogenates were
determined using a novel automated measurement method
and commercially available kits (Rel Assay Diagnostics,
Gaziantep, Turkey), both developed by Erel.?22* The TAS
method is based on bleaching the characteristic color
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of a more stable ABTS (2,2-azino-bis (3-ethylbenzothi-
azoline-6-sulfonic acid)) radical cation by antioxidants,
and measurements are performed at 660 nm. The results
are expressed as nmol Trolox equivalent/L. In the TOS
method, the oxidants present in the sample oxidized
the ferrous ion-o-dianisidine complex to ferric ion. The ox-
idation reaction was enhanced by glycerol molecules,
which are abundantly present in the reaction medium.
The ferric ion produced a colored complex with xylenol
orange in an acidic medium. The color intensity, which
could be measured at 530 nm spectrophotometrically, was
related to the total amount of oxidant molecules present
in the sample. The results are expressed as nmol hydrogen
peroxide (H,0O,) equivalent/L.

ALT and AST analysis

Serum ALT and AST analysis were performed on a Roche
Cobas 8000 autoanalyzer using the spectrophotometric
method and kits from the same company (REF: 207649557-
322,20764949-322, respectively; Roche Diagnostics, Basel,
Switzerland). The principle of both measurements is based
on measuring the absorbance change of NADH at 340 nm.

Statistical analyses

Statistical analyses were performed using IBM SPSS soft-
ware v. 21.0 (IBM Corp., Armonk, USA). The estimated
power (1-beta) test value was calculated as 0.99 with the
G-Power Program (https://www.psychologie.hhu.de/ar-
beitsgruppen/allgemeine-psychologie-und-arbeitspsy-
chologie/gpower). Numerical variables were expressed
as a median (min-max). For the analysis of continuous
variables, the Kruskal-Wallis test was performed. For be-
tween 2 groups, Dunn’s test (a post hoc comparison test)
was performed. The minimum criterion for statistical sig-
nificance was set at p < 0.05 for all comparisons.

Results

As shown in Table 1, serum ALT and AST activity were
significantly higher in the CIS group compared with
the HC and TCG groups (p < 0.001).

When mean MDA levels were compared, statistically
significant differences were found between the study
groups (p < 0.05). The amount of MDA in the TCG group
was significantly decreased compared to the CIS group
(p < 0.001), but no significant difference was found com-
pared to the HC group (p > 0.05). When the mean tGSH
levels were compared in the study groups, there was a sta-
tistically significant difference among the groups (p < 0.05).
In the TCG group, tGSH levels were significantly higher
(p < 0.001) compared to the CIS and HC groups (Table 1).

There was a statistically significant difference among
the groups in terms of TOS levels (p < 0.05). The levels
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Table 1. The results of biochemical evaluations among groups

Variables cis
median (min-max)

(n=6)

N. Kurt et al. The antioxidant effect of taxifolin

MDA [umol/g protein] 8.65 (7.9-9.1)P¢
tGSH [nmol/g protein] 1.65 (1.4-2.1)bc
TAS [nmol Trolox eq/mg protein] 545 (4.7-6.1)°<
TOS [nmol H,0, eq/mg protein] 18.00 (15.0-21.0)°<

AST [IU/L]
ALT [IU/L]

200.06 (178.5-235.4)°¢
100.12 (89.2-116.8)¢

TCG HC
median (min-max) median (min-max)
(n=6) (n=6)
250 (2.2-3.7)2 3.05(2.8-3.9¢° 0.002
485 (4.2-5.1)° 545 (5.1-5.7) 0.001
12.00 (10.0-16.0)? 14.50 (12.0-17.0) 0.002
7.00 (6.1-8.0) 6.25(5.1-7.1) 0.001
4871 (38.1-56.3)? 4043 (34.7-48.8)? 0.001
38.07 (34.5-41.4)? 30.66 (23.6-34.5)° 0.001

HC - healthy control; CIS - 5 mg/kg cisplatin group; TCG - 50 mg/kg taxifolin + 5 mg/kg cisplatin group; MDA — malondialdehyde; tGSH - total glutathione;
TAS - total antioxidant status; TOS - total oxidative status; ALT - alanine aminotransferase; AST — aspartate aminotransferase.
2 — statistically significantly different compared with CIS; ® - statistically significantly different compared with TCG; © - statistically significantly different

compared with HC.

of TOS in the liver tissue of the TCG group were signifi-
cantly lower compared to the CIS group (p < 0.001). There
was no significant difference between the TCG and HC
groups in terms of TOS level (p > 0.05). When the mean
TAS levels were compared in the study groups, statistically
significant differences were found (p < 0.05). The level
of TAS in the liver tissue of the TCG group was significantly
higher compared to the CIS group (p < 0.05) (Table 1).
However, the difference between TAS levels in TCG and
HC groups was insignificant (p > 0.05) (Table 1).

Discussion

In our study, the effect of taxifolin on cisplatin-induced
oxidative liver injury in rats was investigated biochemi-
cally. There are many studies showing cisplatin-induced
liver damage.”?* In our research, in parallel with the litera-
ture, serum ALT and AST levels increased after exposure
to high doses of cisplatin. These values decreased after ad-
ministration of taxifolin. Our results showed that cisplatin
caused an increase in MDA and TOS levels and a decrease
of tGSH and TAS levels in animal liver tissue. Oxidant-
antioxidant parameters are used to determine oxidative
tissue damage?® and evaluate the biochemical toxicity
of drugs.?® Increased MDA production in the CIS group
suggests that lipid peroxidation is exacerbated in liver tis-
sue cells in this group. The ROS lead to the peroxidation
of lipids in the cell membrane and result in the secre-
tion of more toxic products, such as MDA, from lipids.!!
Malondialdehyde can cause damage in membrane proteins
by inactivating receptors and membrane-bound enzymes
in membranes, leading to cross-linking and polymerization
of membrane components.?” The LPO reaction is either
terminated by scavenging antioxidant reactions or contin-
ues with auto-catalytic spreading reactions.?® Studies have
suggested that ROS also play a role in the pathogenesis
of the hepatotoxic effect of cisplatin.” Niu et al. reported
that the amount of MDA increased in cisplatin-associated

liver oxidative damage.?® In our study, high TOS values
measured after cisplatin administration indicate cispla-
tin-induced oxidative stress. The level of TOS was found
to be increased in the CIS group, where MDA level was
high. The TOS is used to determine the cumulative oxi-
dative effects of various oxidants in biological systems.?3
Studies have shown that cisplatin elevates TOS levels not
only in the liver tissue but also in the kidney tissue.® This
is consistent with our experimental results showing that
MDA and TOS levels in liver tissue were increased.

Again, in this study, it was observed that cisplatin de-
creased the amount of tGSH in liver tissue compared
to the TCG and the HC group. To prevent the harmful
effects of ROS, living organisms develop several effective
protection mechanisms both in the cell and in the cell
membrane. These mechanisms act both by blocking rad-
ical production and by eliminating the harmful effects
of the radicals formed. Glutathione, a tripeptide consisting
of L-glutamate, L-cysteine and glycine, is one of the most
well-known antioxidants in living tissues. Glutathione
reacts with H,O, and organic peroxides by catalyzing
the glutathione peroxidase enzyme, an enzyme contain-
ing selenium in its active site, acting as an antioxidant and
removing H,O, from cells. Glutathione detoxifies hydro-
gen peroxide or organic oxides chemically and protects
the cells from ROS damage.?! In our study, the TAS level
was measured to investigate the inhibitory effect of cispla-
tin on antioxidant mechanisms. Our test results showed
that there was a correlation between the decrease in tGSH
and the TAS level. Niu et al. reported that cisplatin pro-
duced oxidative stress by decreasing GSH and TAS levels
in liver tissue.?

Taxifolin used against cisplatin-induced oxidative liver
damage significantly inhibited an increase in MDA and
TOS levels, and decreased tGSH and TAS levels. It has
been documented in previous studies that taxifolin re-
duced intracellular free radical levels, inhibited MDA and
prevented the consumption of antioxidants.3? In another
study, taxifolin was found to increase the effect of GSH.3?
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As noted above, taxifolin is a flavonoid.!® Previous studies
have expressed that flavonoids demonstrate antioxidant
activity by inhibiting lipid peroxidation and enzymatic
reactions responsible for the formation of free radicals.?*
In a recent study, it was suggested that taxifolin produces
a hepatoprotective effect with antioxidant activity by in-
hibiting the lipid peroxidation pathway.** Viewed in total,
data from the reviewed literature are in agreement with
our experimental results.

Limitations

In our study, it was necessary to investigate the effect
of taxifolin on pro-inflammatory cytokine levels, known
to play a role in the pathogenesis of cisplatin toxicity, in or-
der to clarify its protective effect against hepatotoxicity
caused by cisplatin. In addition, histopathological findings
should support all biochemical findings. The small number
of animals in the groups could be considered as another
limitation.

Conclusions

As aresult, cisplatin caused oxidative damage in the liver
tissue of animals. In the CIS group, the oxidant—antioxi-
dant balance deteriorated against the oxidants. Taxifolin
prevented the increase in oxidants and decreased antioxi-
dants in the liver tissue injured due to cisplatin. Taxifolin
prevented the change in favor of oxidants in the oxidant—
antioxidant balance. These findings suggest that taxifolin
could be a clinically beneficial agent for treating hepato-
toxicity resulting from chemotherapy procedures.
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