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This study aims to determine the potential renal protective effects of Opuntia ficus-indica (L.) Miller
(OFI) fruits against cisplatin-induced nephrotoxicity in mice. The antioxidant activity of OFI methanol
extract was calculated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenzthiazoline-
6-sulfonic acid (ABTS) free radical scavenging assays. Furthermore, the LC-mass spectroscopy (MS) analysis
of the OFI fruit extract was carried out. Mice were treated with OFI extract (250 mg/kg) for 10d and in-
jected with a single dose of cisplatin (20 mg/kg) on the 7th day. The blood samples were collected to measure
blood urea nitrogen (BUN) and serum creatinine level on the 10th day. Their kidneys were removed for his-
topathological examination. The renal morphological alterations were assessed through the mesangial matrix
index and transmission electron microscopy (TEM). The OFI fruit extract showed significant in vitro antioxi-
dant activity. In further, it was revealed that the cisplatin-induced nephrotoxicity in mice was ameliorated;
this outcome was supported by both histological examination results and the depicted reduced levels of BUN
and serum creatinine. The potent antioxidant compounds which were detected in the extract of OFI fruits
such as myricetin, quercetin, luteolin might be responsible for the observed renoprotective effect. The results
clarified that the OFI fruit extract could ameliorate cisplatin-induced renal toxicity in mice via including
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antioxidant and renoprotective compounds.
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INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum II) is an effective
platinum anti-cancer drug generally used in the treatment
of testicular, ovarian, urinary, and bladder cancers and solid
tumors."? As an alkylating agent, cisplatin causes cell death
to cancer cells after crosslinking to DNA. Although, cisplatin
is widely applied as anti-cancer therapy, its use is limited by
its unwanted side effects such as neurotoxicity, ototoxicity,
nausea and vomiting, and nephrotoxicity.? On cisplatin use,
the most important dose-limiting factor is the possible acute
or chronic kidney damage. Other factors are the decreased
glomerular filtration rate, oliguria, transient proteinuria, in-
creased serum blood urea nitrogen (BUN), and creatinine
levels. Renal function disorder occurs in almost 25-30% of
cases after reaching a dosage of 80mg/cm.>* Nephrotoxicity
induced by cisplatin is associated with high morbidity and
mortality.” Renal functions are especially affected by cisplatin
as a result of the high amount of cisplatin concentration in
the kidneys.” The recommended strategy for the prevention
of renal dysfunction in cisplatin-based chemotherapy involves
the maintenance of the urine flow by hydration with saline
before and after cisplatin chemotherapy.

The mechanisms responsible in cisplatin-induced neph-
rotoxicity have been reported as multifactorial, including
inflammation, oxidative stress, and apoptosis. Inflammatory

mechanisms and mediators such as tumor necrosis factor-2
alpha (TNF-0) and interleukin-1 beta could play an important
role in the pathogenesis of cisplatin nephrotoxicity.>® Produc-
tion of reactive oxygen species by cisplatin in the kidney is
crucial to the progression of nephrotoxicity.” The proposed
mechanism of cisplatin-induced nephrotoxicity includes acti-
vation of p53 tumor suppression protein. It has been shown
that oxidative stress could link to cisplatin-induced p53 activa-
tion.”)

Various scientific papers represent the protective activity
of common antioxidants such as N-acetylcysteine, vitamin E,
and carvedilol,” plant products, and inhibitor of signaling
pathways in cisplatin-induced renal damage.® Therefore, the
effort for testing phytochemicals, as possible agents which can
decrease the undesirable side effects of antineoplastic agents,
should be reinforced.

The prickly pear cactus (Opuntia ficus-indica (L.) Mil-
ler) which belongs to the Cactaceae family, is known as
“kaynanadili, firenkinciri, hintinciri” in Turkey.” The cactus
pear Opuntia ficus-indica (OFI), originated from the Ameri-
can continent, was introduced into the Mediterranean and
Aegean Region countries during the 16th century.!” In gen-
eral, the prickly pears are consumed as fresh fruits, juices or
jams. In furher, the prickly pear cactus is an important nutri-
ent and food source because of its natural antioxidants which
can be protective against oxidative damage.!” Phytochemical

*To whom correspondence should be addressed. e-mail: evrenokurecz@gmail.com

© 2020 The Pharmaceutical Society of Japan



832

compounds found on Prickly pear fruits and cladodes are vi-
tamins, carotenoids, betalains, and polyphenolic compounds.
These molecules show various biological activities such as
anti-cancer, anti-diabetic, anti-inflammatory as well as neu-
roprotective effects.'>!®) Consequently, OFI has gained impor-
tance in recent years due to these properties.'?

The renal toxicity is the major barrier in the clinical cispla-
tin treatment. Thus, identifying how to control renal toxicity
while maintaining the antitumor activity is the primary spot-
light in clinical investigations. In this study, the total phenolic
compounds and flavonoid contents of OFI fruits were deter-
mined and investigated in respect to their antioxidant and
nephroprotective activities on cisplatin-induced renal toxicity
in mice.

RESULTS AND DISCUSSION

Total Phenolic and Flavonoid Content In this study, the
phenolic compounds of cactus pear fruit extracts were mea-
sured by Folin—Ciocalteu reagent. The total phenolic value,
which was obtained from the OFI fruit methanol extract,
found to be 363.20 = 0.02mg gae/100g. It was revealed that
the total flavonoid content of the OFI fruit extract was mea-
sured at 1490.34 = 0.05mg qe/100 g from fruit extract.

In Vitro Antioxidant Assays The free radical scavenging
ability of cactus pear fruits was determined by measuring the
disappearance of colored synthetic radicals as 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenz-
thiazoline-6-sulfonic acid (ABTS). The obtained results of
both free radical scavenging assays of OFI fruit extract were
presented in Table 1. In the test solution, OFI fruit extract
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reduced the stable free radical ABTS and DPPH presented by
IC;, value and defined as the concentration of the antioxidant
required to scavenge 50% of ABTS and DPPH. It was found
that OFI fruits are endowed with significant activity, as low
IC;, value was obtained by the ABTS and DPPH colorimetric
assay. These results showed that the OFI methanol extract has
a significant free radical scavenging activity compared to the
standard compound-ascorbic acid which is a potent antioxi-
dant.

LC-Mass Spectroscopy (MS) Analysis The phytochemi-
cal constituents of the cactus pear fruits were analyzed using
LC-MS which led to the identification of different compounds.
The LC-MS result is checked with the standard LC-MS chro-
matogram and the obtained standard chromatogram is given
at Fig. 1.

Table 2 shows the phenolic compounds found on OFI fruit
methanol extract. For data analysis, the positive identifica-
tion of each compound was based on retention time and mass
information of library score standards. It can be reported that
the extract contains 3 different compounds according to these
standards. The analysis revealed myricetin (5), quercetin (6),
and luteolin (8) as the main flavonoid components. Further-
more, Fig. 2 depicts the LC-MS chromatogram obtained of
OFI-fruit methanol extract. Herein, myricetin (retention time
(R.T): 11.44) (5), quercetin (R.T.): 15.28) (6), and luteolin
(R.T.: 19.16) (8) were detected in the cactus pear fruits accord-
ing to LC-MS results (Fig. 2). These compounds were deter-
mined by comparing them with the known standards (Fig. 1).
Other standards (Gallic acid (1), Luteolin-7-O-glycoside (2),
Coumaric Acid (3), Rosmarinic Acid (4), Apigenine (7)) could

. . . Table 2. The Identified Phenolic Compounds of OFI Fruit Methanol Ex-
Table 1. ABTS and DPPH Scavenging Activities of OFI Fruit Extract tract According to Their Retention Time (R.T.), Area and Base Peak
OFI Fruit extract References Compound R.T. Area Base peak (m/z)
1C5, £ S.D. (mg/mL) Myricetin 11.436 6268 316.93
ABTS 2.46+0.04 3.84 +0.04 (Trolox) Quercetin 15.250 6926446 301.02
DPPH 4.12+0.03 4.67 +0.04 (Ascorbic acid) Luteolin 19.153 39288 285.03
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Fig. 1. LC-MS Standard Chromatogram

Standards: Gallic acid (R.T.: 4.96) (1) ; Luteolin-7-O-glycoside (R.T.: 7.62) (2); Coumaric acid (R.T.: 9.21) (3); Rosmarinic acid (R.T.: 10.65) (4); Myricetin (R.T.: 11.43)
(5); Quercetin (R.T.: 15.25) (6); Apigenine (R.T.: 18.47) (7); Luteolin (R.T. 19.15) (8) (R.T. = Retention time).
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Fig. 2. OFI-Fruit Methanol Extract LC-MS Chromatogram

Peak 1 (R.T.: 3.15)-NI; Peak 2 (R.T.: 4.94)-NI; Peak 3 (R.T.:6.68)-NI; Peak 4 (R.T.: 7.42)-NI; Myricetin (R.T.: 11.44) (5); Quercetin (R.T. : 15.28) (6); Luteolin (R.T. :

19.16) (8) (R.T. =Retention time). *NI: Not Identified.

not be determined in the cactus pear fruits extract. Nonethe-
less, some organic compounds which have not been identified
can be also found (Peaks 1-4). Hence, the antioxidant capac-
ity of the extract could be linked to both identified flavonoid
and un-identified compounds. In previous studies, it was re-
ported that OFI had antioxidant potential due to phenolic com-
pounds.""'3!9 On the other hand, the synergetic effect of all
the depicted compounds is possibly involved in the antioxidant
properties of the extract.

In a previous study from our lab, OFI fruit n-hexane extract
was analyzed using GC-MS/GC-flame ionization detector
(FID) to determine the volatile constituents of the extract. The
n-hexane extract was found to be rich in borneol which is as-
sociated with the observed antioxidant activity.'®

Effect of OFI on BUN and Serum Creatinine Levels
The serum creatinine and BUN levels are two main indica-
tors for the monitoring of the renal hemostasis.'” The effect
of cactus pear fruits on cisplatin-induced renal damage was
investigated by measuring the levels of BUN and creatinine at
72h after a single dose of cisplatin administration. The results
of blood samples analysis stated that cisplatin (Cis) group dis-
played a significant increase in serum creatinine (1.47 = 0.47)
(p<0.001) and BUN (236.6 = 33.01) (p <0.001) levels as com-
pared to control (Con) group. It can be said that the induction
of severe nephrotoxicity was indicated by elevated levels of
BUN and serum creatinine in the cisplatin (Cis) group. How-
ever, both OFI pre-treatment (OFI-Cis and OFI-Con) groups
did not show any significant difference compared to the
control group. On the other hand, the pre-treatment with OFI
fruits exhibited a significant decrease on BUN (84.73 = 19.8)
(p<<0.001) and serum creatinine (0.43 £0.14) (p <0.001) lev-
els on the cisplatin treated (OFI-Cis) mice compared with the
separate cisplatin treated (Cis) mice group (Figs. 3, 4).

Histological Results

Light Microscopy

The light microscopy indicated that control (Con) and OFI
fruit pre-treated (OFI-Con) groups showed no abnormal find-
ings. Moreover, the renal glomeruli and tubules of cisplatin
(Cis) group depicted degenerative differences whereas the uri-
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Fig. 3. Effect of OFI Pretreatment on BUN Levels in Control (Con),
Cisplatin (Cis), OFI Fruit (OFI-Con), OFI Fruit-Cisplatin (OFI-Cis)
Groups

Each data point represents the mean * standard error of the mean (S.E.M.).
(n=10), ***p<0.001 vs. control group, “*p<0.001 vs. cisplatin group.
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Fig. 4. Effect of OFI Pretreatment on Creatinine Levels in Control
(Con), Cisplatin (Cis), OFI Fruit (OFI-Con), OFI Fruit-Cisplatin (OFI-Cis)
Groups

Each data point represents the mean = S.E.M. (n = 10), ***p<0.001 vs. control

group, “*p<0.001 vs. cisplatin group.
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nary spaces were reduced. Nevertheless, the pre-treatment
with OFI fruit extract on cisplatin-applied mice (OFI-Cis)
showed a protective effect since normal tubules and glomeruli
were depicted. The mesangial matrix expansion levels of the
healthy and renal-damaged mice with/without OFI fruit pre-
treatment are displayed in Fig. 5.

According to the periodic acid Schiff (PAS) staining re-

Fig. 5. Representative Images of Kidney Tissues of Control (Con), Cis-
platin (Cis), OFI Fruit (OFI-Con), OFI Fruit-Cisplatin (OFI-Cis) Groups
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OFI-Cis
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sults, even though the OFI pre-treatment on cisplatin-applied
mice (OFI-Cis) (p<<0.01) presented higher mesangial matrix
index compared to the control group, the cisplatin-treated
group (Cis) (p<<0.001) exhibited the highest mesangial matrix
index among all groups. The cisplatin-applied OFI treated
(OFI-Cis) mice group showed a significant increase (p <0.05)
in the mesangial matrix fraction, compared to the Cisplatin-
applied untreated (Cis) mice (Fig. 6).

Transmission Electron Microscopy The glomeruli in the
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Fig. 6. The Effects of OFI Treatment on Mesangial Matrix Expansion
in Nephrotoxic Mice

All data were expressed as mean = S.E.M. (n=10), ***p<0.001, **p<0.01 vs.
control group, “*p<0.001, #p <0.05 vs. cisplatin group.

Fig. 7. Electron Micrographs of Different Glomeruli of Experimental Groups at Various Magnifications
Con; A X4000; B X5000; C X30K, OFI-Con; A X5000; B X12K; C X30K, Cis; A X5000; B X20K; C X15K; D x10K; E X20K; F X40K, OFI-Cis; A X5000; B X15K;

C X40K.
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control (Con) group showed normal structure (Fig. 7: Con-A).
Podocytes did not show any degeneration, and pedicels were
observed with regular intervals. Glomerular basement mem-
brane (GBM) presents normal thickness. The mesangial ma-
trix (MM) and the mesangial cells (MCs) depicted also normal
distribution (Fig. 7: Con-B,C). Podocytes in normal mice with
OFI pre-treatment (OFI-Con) group showed normal structure
(Fig. 7: OFI-Con-A). In further, apical villous structures were
observed in some podocytes (Fig. 7: OFI-Con-B). Pedicels are
depicted with regular intervals (Fig. 7: OFI-Con-C). The OFI
fruit pre-treatment cisplatin-applied mice (OFI-Cis) were mor-
phologically close to the control group (Fig. 7: OFI-Cis-A).
However, apoptotic endothelial cells were found in some plac-
es (Fig. 7: OFI-Cis-B). The pedicels exhibited a regular struc-
ture (Fig. 7: OFI-Cis-C). The podocytes in glomeruli found as
hypertrophic in cisplatin-treated (Cis) group. Moreover, vacu-
olization, lysosomal structures, and mitochondrial hyperplasia
were also observed in these hypertrophic podocytes (Fig. 7:
Cis-A). A small number of apoptotic podocytes was found
whereas GBM thickening and hump structures were found in
the sites near these apoptotic podocytes (Fig. 7: Cis-B). Pedi-
cels formed long strips of fusion and the cytoplasm in these
regions showed a more electron-dense image. Invaginations
and thickening were seen in GBM in the same areas (Fig. 7:
Cis-C, F). Autophagic vacuoles in the cytoplasm of apoptotic
endothelial cells were noted (Fig. 7: Cis-D). In addition to the
increased mesangial cell proliferation and mesangial matrix,
also apoptotic mesangial cells were found (Fig. 7: Cis-E).

DISCUSSION

Opuntia ficus-indica-prickly pear-fruits exhibit several
pharmacological effects such as hypoglycemic, anti-ulcer,
anti-allergic and cancer chemoprevention activities.?” Up to
date there is no study which evaluated the effect of prickly
pear in cisplatin-induced nephrotoxicity. In this investigation,
the antioxidant capacity, photochemical screening and in vivo
renal protective effect of OFI fruits were also studied.

Cisplatin is chiefly excreted via renal route whereas its ac-
cumulation is much higher in the epithelium of renal tubules
than in circulation, inducing severe renal toxicity.” The mech-
anism of cisplatin-induced cellular impairment is a sophisti-
cated process including apoptosis, fibrogenesis, inflammation,
and oxidative stress.” The free radicals can lead to modifica-
tions in cell complex and function which affect tissue and
organ function.? According to the obtained results, OFI fruits
possess an abundant phenolic and flavonoid content. Previous
studies also demonstrated that prickly pears are rich in poly-
phenols, flavonoids as well as ascorbic acid and vitamin E.?!??
In agreement with earlier studies, a similar level of phenolic
and flavonoid compounds has been detected in O. ficus indica
prickly pear and their juice.?”

In general, two different analyzing methods are used for
evaluating antioxidant activity.?¥ In this study, the antioxi-
dant activity was analyzed by ABTS and DPPH free radical
scavenging activity tests. Both analyzing methods showed that
OFI fruit extract exhibit significant antioxidant activity com-
pared to ascorbic acid. Similarly, significant antioxidant activ-
ity was also observed in a previous study conducted with OFI
fruit puree.”® Vitamins, phenolic, and flavonoid components
are the main antioxidant compounds of the plants.?®
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It has been reported that the cactus pear fruits contain
bioactive compounds such as betaxanthin, indicaxanthin,
betacyanin, kaempferol, quercetin and isorhamnetin. Other
molecules are dihydroquercetin, eucomic acid, ferulic acid,
isorhamnetin, isorhamnetin-3-O-rutinoside, isorhamnetin-
3-0O-glucoside, isorhamnetin-3-O-lyxose-rhamnose-glucoside,
isorhamnetin-3-O-rhamnose-rutinoside,  kaempferol-3-O-ru-
tinoside, piscidic acid, rutin, quercetin 3-methyl ether and
sorhamnetin triglycoside.'®?"*"?> These compounds display
antioxidant and anti-inflammatory properties and they have
been proposed to be responsible for the biological activities of
OFT fruits.!®?272 In this investigation, myricetin (5), querce-
tin (6), and luteolin (8) were detected to the cactus pear fruits
according to LC-MS results (Fig. 2). These compounds were
determined in comparison with the known standards (Fig. 1).
Other standards have not been determined in the cactus pear
fruits extract. Moreover, borneol was also detected in our pre-
vious study.' The phyto-antioxidants are reported to perform
protection without compromising the antineoplastic ability of
chemotherapeutic agents.”)

Myricetin possesses biological activities such as antioxidant
and anti-inflammatory effects. Hassan et al. demonstrated
that myricetin treatment before cisplatin injection showed a
remarkable decrease in levels of serum creatinine and serum
BUN, indicating improvement of kidney functions in mice.*”
It was previously reported that myricetin was also found in
cladode parts of OFI cactus®” and OFT fruit peels.’”” However,
OFT fruits are poorly investigated about myricetin.

Quercetin is a potent oxygen free radical scavenger and a
bioflavonoid component of OFI fruits.”¥ A previous report
demonstrated that co-treatment with quercetin partially pre-
vented all the renal effects of cisplatin, whereas it did not
impair its anti-tumor activity in rats.>¥ A similar study, also
showed amelioration of cisplatin-induced nephrotoxicity and
improved therapeutic efficacy of the drug.*® Thus, we believe
that the extract will not reduce CDDP antitumor effect in
Balb-¢ mouse cancer model, if studied.

Luteolin is a well-known phenolic compound, which exhib-
its numerous pharmacological activities, including antioxidant,
anti-inflammatory, and antimicrobial activities. It has been re-
ported that luteolin significantly improve the cisplatin-induced
nephrotoxicity by suppressing oxidative stress, inlammation,
apoptosis® and due to down-regulation of the p53-dependent
apoptotic pathway in the kidney.”

The injection of cisplatin mainly produces proximal tubular
necrosis and renal epithelial cell apoptosis.” Consequently,
cisplatin can cause acute renal injury and extreme hydrogen
peroxide in the renal cortex,” which induces an increase in
serum creatinine and BUN. Therefore, kidney function was
observed by measuring the serum creatinine and BUN levels
after injection of cisplatin.*” In the present study, the single
dose cisplatin treated kidney damaged mice and non-treated
normal mice were used as controls. The mice were gavaged
with OFI fruit extract (250mg/kg) for 10 consecutive days.
It can be reported that no toxic effect was observed during
OFTI fruit pre-treatment. According to the data, the restored
renal function was monitored through improved serum BUN
and creatinine levels on cisplatin-applied mice with OFI pre-
treatment. Cisplatin-treated animals demonstrated a significant
rise in serum urea and creatinine levels that they can be as-
sociated with the reduced glomerular filtration ratio or due to
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secondary elevated levels of the reactive oxygen species which
induce mesangial cells contraction.*®

The obtained results from the histopathological examination
revealed that OFI pre-treatment significantly reduced mesan-
gial matrix expansion in cisplatin-treated mice. The histologi-
cal examination of renal tissue and evaluation of transmission
electron microscopy demonstrated that OFI pre-treatment in
cisplatin-treated mice almost ameliorate normal tissue orga-
nization with cellular integrity. In agreement with the present
findings, Alimi et al. reported the ameliorative effect of OFI
fruits on ethanol-induced oxidative stress in rats, that can
result from inhibition of free radicals chain reactions or from
the enhancement of the endogenous antioxidant activity.”?
Moreover, Galati et al. also demonstrated a similar protective
effect which is related to antioxidant ingredients of OFI fruits
on carbon tetrachloride-induced liver damage.*”

Oxidative stress is considered to perform a key role in
cisplatin-induced renal toxicity.*” Many researchers proposed
that antioxidants molecules as naringenin, rosiglitazone, quer-
cetin, co-enzyme Q,, and riboflavin can eliminate the undesir-
able side effects of cisplatin.¥) The O. ficus indica has shown
remarkable therapeutic effects as a result of its potent antioxi-
dant and free radical scavenging activity. Hence, the OFI was
screened for the intervention study against nephrotoxicity due
to cisplatin. The OFI fruit contains several antioxidant com-
pounds such as ascorbic acid, myricetin, quercetin, luteolin.
All these substances can act synergistically because of their
antioxidant activity. Consequently, the renal protective effect
of O. ficus indica fruits might result from the high content of
antioxidant compounds.

MATERIALS AND METHODS

Materials Cisplatin was purchased from Kocak Farma,
Istanbul, Turkey. The standard chemicals were purchased from
Sigma Chemical Co. (St. Louis, MO, U.S.A.) and the HPLC-
grade solvents were purchased from Merck. Methanol was
purchased from Sigma-Aldrich, Germany. All other reagents
and solvents used were of analytical grade.

Plant Material and Preparation of Extract OFI fruit
samples were collected from Turung, Marmaris, Turkey (Date:
04.08.17). The plant material was identified by Derya Cicek
Polat and the voucher specimen has been deposited at the Her-
barium of the Ankara University, Ankara, Turkey (Voucher
specimen no: 28753). The pinkish fruits were thinly cut and
dried. The samples were powdered and extracted with metha-
nol on a magnetic stirrer (Heidolph MR3001, Germany) (200 g
sample, 200mLXx3) followed by filtration with filter paper.
The methanol extract was distilled using a rotary evaporator
(Heidolph WB2000, Germany). The extract yield of fruit was
calculated as 8.98% (w/w).

In Vitro Antioxidant Assays

DPPH Scavenging Assay

To determine the antioxidant ability of OFI fruit extract, the
DPPH radicals were utilized according to the spectrophoto-
metric protocol.*’) The absorbance was read at 517nm using a
spectrophotometer. The radical scavenging activity was calcu-
lated according to the following equation:
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%DPPHiphibition

| (Absorbancegyio —Absorbance e sampie)
Absorbance,oyol

}XIOO

All experiments were done in triplicate. Ascorbic acid was
served as the positive control. ICs, rates were detected from a
calibration curve.?®

ABTS Scavenging Assay

ABTS radical scavenging activity of OFI fruit extract was
determined according to Re et al.*? Stock ABTS:solution was
composed by reacting aqueous of ABTS (7mM) with potas-
sium persulfate solution (2.45mM). The mixed solution was
incubated for 12—16h in the dark at room temperature. The ab-
sorbance of reaction mixtures was measured at 734nm. Three
independent experiments were performed. An analogue of vi-
tamin E, Trolox was used as the positive control.?” The results
were compared with Trolox and expressed as IC;, as follows:

%ABTSinhibition

| (Absorbance gy, —Absorbance e sampic)
Absorbance, ool

}XIOO

Total Phenolic and Flavonoid Contents of the Extract
Folin—Ciocalteu method was used to determine total phenolics
of the fruit extract. The mixture was prepared with fruit ex-
tract (5mL), Folin—Ciocalteau’s reagent (0.25mL) and Na,CO,
(0.2mL) and allowed to stand for 15min at 45°C. The absor-
bance reading of samples was performed at 765nm. A calibra-
tion curve (R>=0.9811) was used for the calculation of total
phenolic content (TPC) of the extract’® and the result was
expressed as mg gallic acid equivalent (gae)/100g extract.*’

The aluminum chloride colorimetric technique was used
to determine the total flavonoid content of OFI fruit metha-
nol extract. The absorbance of the mix was read at 510nm.
The flavonoid content was measured by the calibration curve
(R*=0.9978)*Y and the outcome was displayed as mg quer-
cetin equivalent (qe)/100g extract. Three independent experi-
ments were performed for each analysis.

LC-MS Analysis The methanol extract was analyzed via
LC-MS for the identification of its chemical compounds. First-
ly, the extract was filtrated through 0.22 yum membrane filters.
For the preparation of calibration curves of standards, 5mg of
each standard was dissolved in 5SmL MeOH and filtered. By
diluting the stock solutions, five different concentrations of
standards were prepared.

The extract was analyzed using LC-MS on a single
quadrupole mass spectrometer (1200 LC, Agilent). An
Agilent C18 column (4.6 X250mm 5um) was used and its
temperature was maintained at 40°C. The mobile phase was
A: Acetonitrile: Water: Formic acid (10:89:1) B:Acetoni-
trile: Water: Formic acid (89:10:1). The gradient elution es-
tablished in the time frame 0-30min, B% 15-45 and flow rate
0.7mL/min. The injection volume is 20 uL.*¥

Laboratory Animals The balb-c mice (25-28g) were pro-
cured from Medipol University, MEDITAM, Istanbul, Turkey.
They were fed ad libitum water and food under laboratory
conditions and kept in standard cages (23 £ 1°C and 12h/12h
dark-light cycle). The animal experiment was performed ac-
cording to the local ethical committee (No: 27.12.17-76). All
experiments involving animals were conducted in accordance
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with the ethical guidelines for the care of laboratory animals.

Experimental Groups The fourty mice were equally
separated into four groups (n=10) and grouped as follows:
Control (Con) group: gavaged with saline (0.5mL) for 10d
and injected a single dose of saline (0.5mL, intraperitoneal
(i.p.)) on the 7th day. Cisplatin (Cis) group: gavaged with sa-
line (0.5mL) for 10d and injected a single dose of cisplatin
(20mg/kg, i.p.) on the 7th day. OFI fruit (OFI-Con) group:
gavaged with OFI fruit extract (250mg/kg) for 10d and in-
jected a single dose of saline (0.5mL, i.p.) on the 7th day. OFI
fruit-Cisplatin (OFI-Cis) group: gavaged with OFI fruit extract
(250mg/kg) for 10d and injected a single dose of cisplatin
(20mg/kg, i.p.) on the 7th day.

Determination of BUN and Creatinine The animals
were sacrificed on the 10th day, 72h after cisplatin admin-
istration. Their blood samples were collected in test tubes
containing ethylenediaminetetraacetic acid (EDTA) as an an-
ticoagulant. Afterwards, the blood samples were centrifuged
at 3000rpm for 10min. The plasma was separated and stored
at —4°C for further analysis. The serum creatinine and BUN
levels were measured using a colorimetric assay kit according
to the manufacturer’s instructions. The BUN and serum cre-
atinine levels were measured as indicators of kidney function.

Histopathology Examination

Light Microscopy

The kidneys were sectioned and fixed in 10% formalin, de-
hydrated and embedded in paraffin. Tissues were sectioned at
5um and stained with PAS. The kidney tissues were evaluated
for a semi-quantitative scoring method by a researcher-blinded
to treatments of mice, as explained by Ayla et al.*> The pho-
tographs of sections were taken at different magnifications in
a Nikon Eclipse Ni research microscope, Amsterdam, Neth-
erlands, fitted with Nikon DS-Fi2 model digital camera and
used Nikon Sight D5 V3 software.

Electron Microscopy

After necropsy, the left kidney cortex was immediately di-
vided into pieces that were each 1 mm?® and prepared for trans-
mission electron microscopy as described by Seckin e al.*®
The samples were investigated by Jeol JEM 1011 transmission
electron microscope.

Statistical Analysis The results were expressed as
means = standard error of the mean (S.E.M.). All statistical
comparisons were performed by one-way ANOVA followed
by Dunnett’s tests. p<<0.05 was considered statistically sig-
nificant.

CONCLUSION

To conclude, this is the first report which investigates the
protective and ameliorative effects of O. ficus indica fruits
against cisplatin-induced nephrotoxicity in mice. The pre-
treatment with cactus pear fruit extract significantly attenuat-
ed cisplatin-induced functional and histological renal deterio-
ration. The obtained data displayed that antioxidant molecules
such as quercetin, myricetin, luteolin can synergistically offer
a renal protective function against cisplatin-induced nephro-
toxicity.

Acknowledgments The authors would like to acknowl-
edge Istanbul Medipol University MEDITAM for enabling us
to use its laboratory instruments. Authors thank Emre Sefik

Biol. Pharm. Bull. 837

Caglar and Ismail Dogukan Seker for in vivo analysis. This
research received no specific Grant from any funding agency
in the public, commercial, or not-for-profit sectors.

Conflict of Interest The authors declare no conflict of
interest.

REFERENCES

D__Wang Y. Luo X, Pan H. Huang W. Wang X. Wen H. Shen K. Jin B.
Pharmacological inhibition of NADPH oxidase protects against cis-
platin induced nephrotoxicity in mice by two step mechanism. Food
Chem. Toxicol., 83. 251260 (2015).

2) Zhang Y, Yuan F. Cao X. Zhai 7. GangHuang, Du X. Wang Y.
Zhang J. Huang Y, Zhao J, Hou W. P2X7 receptor blockade protects

against cisplatin-induced nephrotoxicity in mice by decreasing the

activities of inflammasome components, oxidative stress and cas-
pase-3 Toxicol. Appl. Pharmacol,, 281, 1-10 (2014).

3) Sinha S. Jothiramajayam M. Ghosh M. Jana A, Chatterji U
Mukherjee A. Vetiver oil (Java) attenuates cisplatin-induced oxida-
tive _stress. nephrotoxicity and mvelosuppression_in_Swiss_albino
mice. Food Chem. Toxicol.. 81, 120—128 (2015).

4) Lou XY, Cheng JL. Zhang B. Therapeutic_effect and mechanism
of breviscapine on cisplatin-induced nephrotoxicity in mice. Asian
Pac_J. Trop. Med., 8. 873877 (2015).

) _Nojiri T, Hosoda H. Kimura T, Tokudome T, Miura K. Takabatake
H, Miyazato M. Okumura M, Kangawa K. Protective effects of
ghrelin_on_cisplatin-induced nephrotoxicity in_mice. Peptides, 82,
8591 (2016).

§) Zirak MR, Rahimian R, Ghazi-Khansari M. Abbasi A, Razmi A

Mehr SE. Mousavizadeh K. Dehpour AR. Tropisetron attenuates
cisplatin-induced nephrotoxicity in _mice. Eur. J. Pharmacol., 738,
222-229 52014!.

7)_Kang KP. Park SK. Kim DH. Sung MJ. Jung YJ. Lee AS. Lee JE
Ramkumar KM, Lee S, Park MH., Roh SG, Kim W. Luteolin ame-
liorates cisplatin-induced acute kidney injury in mice by regulation
of p33-dependent _renal tubular_apoptosis. Nephrol. Dial. Trans-
plant., 26, 814822 (2011).

8) Ali BH. Al Moundhri MS. Agents ameliorating or augmenting the
nephrotoxicity of cisplatin_and other platinum compounds: a re-
view of some recent research. Food Chem. Toxicol, 44, 11731183
(2000).

9) Giiner A, Aslan S, Ekim T, Vural M, Babac MT, Yoldorom H.
Turkey Plant List (Vascular Plants), Nezahat Gokyigit Botanic Park
Press, Istanbul (2012).

10) Kabas O. Ozmerzi A, Akinci I._Physical properties of cactus pear
(Opuntia_ficus_india L) grown wild in Turkey. J. Food Eng. 73,
198202 (2006).

1D _Lee J-C. Kim H-R. Kim J. Jang Y-S. Antioxidant property of an
cthanol extract of the stem of Opuntia ficus-indica var. saboten. J:
Agric. Food Chem.. 50, 6490—6496 (2002).

12) Amm&r I, Ben Salem M, Harrabi B, Mzid M, Bard&a S. Sahnoun Z

Attia H. Ennouri M._Anti-inflammatory activity and phenolic com-
position of prickly pear (Opuntia ficus-indica) flowers. Ind._Crops

Prod., 112, 313-319 (2018).
13) Mena P, Tassotti M, Andreu L, Nuncio-Jauregui N, Legua P, Del
Rio D, Hernandez F. Phytochemical characterization of different

prickly pear (Opuntia ficus-indica (L) Mill) cultivars and botanical

parts: UHPLC-ESI-MS" metabolomics profiles and their chemomet-
ric analysis. Food Res. Int.. 108, 301308 (2018):

14)__Bouaouine O. Bourven I._Khalil F. Baudu M. Identification of
functional groups of Opuntia ficus-indica_involved in_coagulation
process after its active part extraction. Environ. Sci. Pollut. Res.
Int., 25, 11111-11119 (2018).

13) Butera D. Tesoriere L. Di_Gaudio F. Bongiorng A, Allegra M,

Pintaudi AM. Kohen R, Livrea MA. Antioxidant activities of sicil-



http://dx.doi.org/10.1016/j.fct.2015.05.007
http://dx.doi.org/10.1016/j.fct.2015.05.007
http://dx.doi.org/10.1016/j.fct.2015.05.007
http://dx.doi.org/10.1016/j.fct.2015.05.007
http://dx.doi.org/10.1016/j.taap.2014.09.016
http://dx.doi.org/10.1016/j.taap.2014.09.016
http://dx.doi.org/10.1016/j.taap.2014.09.016
http://dx.doi.org/10.1016/j.taap.2014.09.016
http://dx.doi.org/10.1016/j.taap.2014.09.016
http://dx.doi.org/10.1016/j.fct.2015.04.018
http://dx.doi.org/10.1016/j.fct.2015.04.018
http://dx.doi.org/10.1016/j.fct.2015.04.018
http://dx.doi.org/10.1016/j.fct.2015.04.018
http://dx.doi.org/10.1016/j.apjtm.2015.09.017
http://dx.doi.org/10.1016/j.apjtm.2015.09.017
http://dx.doi.org/10.1016/j.apjtm.2015.09.017
http://dx.doi.org/10.1016/j.peptides.2016.06.003
http://dx.doi.org/10.1016/j.peptides.2016.06.003
http://dx.doi.org/10.1016/j.peptides.2016.06.003
http://dx.doi.org/10.1016/j.peptides.2016.06.003
http://dx.doi.org/10.1016/j.ejphar.2014.05.050
http://dx.doi.org/10.1016/j.ejphar.2014.05.050
http://dx.doi.org/10.1016/j.ejphar.2014.05.050
http://dx.doi.org/10.1016/j.ejphar.2014.05.050
http://dx.doi.org/10.1093/ndt/gfq528
http://dx.doi.org/10.1093/ndt/gfq528
http://dx.doi.org/10.1093/ndt/gfq528
http://dx.doi.org/10.1093/ndt/gfq528
http://dx.doi.org/10.1093/ndt/gfq528
http://dx.doi.org/10.1016/j.fct.2006.01.013
http://dx.doi.org/10.1016/j.fct.2006.01.013
http://dx.doi.org/10.1016/j.fct.2006.01.013
http://dx.doi.org/10.1016/j.fct.2006.01.013
http://dx.doi.org/10.1016/j.jfoodeng.2005.01.016
http://dx.doi.org/10.1016/j.jfoodeng.2005.01.016
http://dx.doi.org/10.1016/j.jfoodeng.2005.01.016
http://dx.doi.org/10.1021/jf020388c
http://dx.doi.org/10.1021/jf020388c
http://dx.doi.org/10.1021/jf020388c
http://dx.doi.org/10.1016/j.indcrop.2017.12.028
http://dx.doi.org/10.1016/j.indcrop.2017.12.028
http://dx.doi.org/10.1016/j.indcrop.2017.12.028
http://dx.doi.org/10.1016/j.indcrop.2017.12.028
http://dx.doi.org/10.1016/j.foodres.2018.03.062
http://dx.doi.org/10.1016/j.foodres.2018.03.062
http://dx.doi.org/10.1016/j.foodres.2018.03.062
http://dx.doi.org/10.1016/j.foodres.2018.03.062
http://dx.doi.org/10.1016/j.foodres.2018.03.062
http://dx.doi.org/10.1007/s11356-018-1394-7
http://dx.doi.org/10.1007/s11356-018-1394-7
http://dx.doi.org/10.1007/s11356-018-1394-7
http://dx.doi.org/10.1007/s11356-018-1394-7
http://dx.doi.org/10.1021/jf025696p
http://dx.doi.org/10.1021/jf025696p

838 Biol. Pharm. Bull.

ian prickly pear (Opuntia ficus indica) fruit extracts and reducing

properties of its betalains: betanin and indicaxanthin. J. Agric. Food
Chem.. 50. 6895-6901 (2002).

16) _Galati EM. Mondello MR, Giuffrida D. Dugo G. Miceli N. Per-
golizzi S, Taviano MF. Chemical characterization and biological

effects of Sicilian Opuntia_ficus_indica (L) Mill. fruit juice: an-

Vol. 43, No. 5 (2020)

31) Flores-fernandez J. M., Padilla-camberos E., Flores-fernandez J.
M., Fernandez-flores O., Gutierrez-mercado Y., Luz J. C., Sandoval-
salas F., Mendez-carreto C., Allen K. Hypocholesterolemic effect
and in vitro pancreatic lipase inhibitory activity of an Opuntia
ficus-indica extract. BioMed Res. Int., 2015, 1-4 (2015).

32) Am_aya-Cruz DM Pérez-Rgmirez IF Delgado-Gar_cia J, Mon-

tioxidant_and antiulcerogenic activity. J._Aeric. Food Chem.. S1
4903-4908 (2003).

17) Kumar MS, Kumar S, Raja B. Antihypertensive and antioxidant
potential of borneol-a natural terpene in L-NAME induced hyper-
tensive rats. Int. J. Pharm. Biol. Arch., 1, 271-279 (2010).

18) Esra A, Demirci B, Polat DC, Okur ME. Characterization of Opun-
tia ficus-indica (L.) Mill. Fruit volatiles and antibacterial evalua-
tion. Nat. Volatiles Essent. Oils, 5, 35-38 (2018).

19) _Tilvek A, Chai C. Hou X. Zhou B. Zhang C. Cao Z. Yu B. The
protective effects of Ribes diacanthum Pall on cisplatin-induced
nephrotoxicity in mice. J. Ethnopharmacol.. 178, 297-306 (2016).

20) _Rtibi K. Selmi S, Saidani K, Grami D, Amri M, Sebai H. Marzouki
L, Reverse effect of Opuntia ficus-indica I, juice and seeds agueous

extract on gastric emptying and small-bowel motility in rat. J. Food
Sci., 83, 205211 (2018).

21) Bakour M. Al-Waili N, El-Haskoury R, El-Menyiy N, Al-Waili T.

dragon-Jacobo _C. Dector-Espinoza A, Reynoso-Camacho R. An
integral profile of bioactive compounds and functional properties of
prickly pear (Opuntia ficus indica L.) peel with different tonalities.
Food Chem., 278, 568—578 (2019).

33) Ferné&dez—L()pe_z JA, Almela L. Obon JM. Castellar R, Determina-
tion _of antioxidant constituents in_cactus pear fruits. Plant Foods
Hum. Nutr., 65, 253-259 (2010).

34) Se&nchez-Gonz_alez PD Lopez-Herngndez FJ Perez-BeeriocanM7
Morales Al _Lopez-Novoa JM. Quercetin_reduces cisplatin_neph-
rotoxicity in_rats without compromising its anti-tumour activity.
Nephrol. Dial. Tranivplant. 26, 34843495 (2011).

35) Li QC Li_ang Y, Hu G, Tia_n Y. Enhinced therapeutic efficacy
and_amelioration of cisplatin-induced nephrotoxicity by guercetin
in_1,2-dimethyl hvdrazine-induced colon cancer in_rats. Indian_J.
Pharmacol., 48, 168—171 (2016).

36) Domitrovi¢ R CViiaLnovic' 0O, Pugel EP, Za_lgorac GB, Ma_hmutefendic’

AL-Waili A, Lvoussi B. Comparison_of hvpotensive, diuretic_and
renal effects between cladodes of Opuntia ficus-indica and furose-

mide. Asian Pac. J. Trop. Med., 10, 900-906 (2017).
22) Alimi H. Hfaeidh N, Bouoni Z, Sakly M. Ben Rhouma K. Amelio-

I5H Skoda M. Luteolin ameliorates cisplatin-induced _nephrotoxicity

in mice throggh inhibition of platinum accumulationi inflammation

alnd apoptosis in the kidney. Toxicology, 310, 115-123 (2013).
37) Ueki M, Ueno M, Morishita J, Maekawa N. Curcumin gmeliorates

rative effect of Opuntia ficus indica juice on ethanol-induced oxida-

tive stress in rat erythrocytes. Fxp. Toxicol. Pathol., 65. 391396

(2013).

23) Alimi H, Hfaeidh N, Bouoni Z. Sakly M. Ben Rhouma K. Protec-

tive effect of Opuntia ficus indica f._inermis prickly pear juice upon

cthanol-induced damages in rat erythrocvtes. Alcohol, 46, 235243
(2012).

24) Okur ME. Polat DC, Ozbek H. Yilmaz S. Yoltas A, Arslan R.
Evaluation of the antidiabetic property of Capparis ovata desf. var.
palaesting zoh, extracts using in vivo and in vitro approaches. Fn-
docr._Metab. Immune Disord. Drug Targets, 18. 489501 (2018):

25) Di_Cagno R, Filannino P, Vincentini O, Lanera A, Cavoski I,

Gobbetti M. Exploitation of Leuconostoc mesenteroides strains to
1 £3 LS

improve shelf life, rheological. sensory and functional features of
prickly pear (Opuntia ficus-indica L) fruit puree. Food Microbiol.,

59, 176189 (2016):

26) Okur ME. Avla S. Cicek-Polat D. Giinal MY, Yoltas A, Biceroflu
O. Novel insight into wound healing properties of methanol extract
of Capparis_ovata Desf. var. palaesting Zohary fruits. J._Pharm,
Pharmacol., 70, 1401-1413 (2018).

27) Matias A, Nunes SL. Poejo J. Mecha E. Serra AT, Madeira PJA

cisplatin-induced nephrotoxicity by inhibiting renal inflammation in
mice. J. Biosci. Bigeng.. 115. 547551 (2013).

38) El-Bes_hbishV HA Bah&hwan SA, Aly HAA, Fakher HA. Abroga-
tion of cisplatin-induced nephrotoxicity in mice by alphg lipoic acid
through ameliorating oxidative stress and enhancing gene expres-
sion of antioxidant enzymes. Eur. J. Pharmacol., 668, 278-284
oL

39) Galati EM, Mondello MR LauriaLno ER, Tavi&no MF, Galluzzo
M, Miceli N. Opuntia_ficus _indica (L) Mill. fruit juice protects
liver from czlrbon tetrachloride-in&iuced inigv. Phytother. Res., 19
796800 (2005).

40) JinJ, Li M Zh_alo Z, Sun X, Li J, Wang W, Huang M, Huang Z.
Protective effect of Wuzhi tablet (Schisandra sphenanthera extract)
against CisElatin-induced neEhrotoxicitx vig Nrf2-mediated defense
response. Phytomedicine, 22, 528—535 (2015).

41) Blois M. Antioxidant determinations by the use of a stable free
radical. Nature, 181, 11991200 (1958).

42) Re R, Pellegrini N, Proteggente A Pann_ala A Ying M, Rice-Eva_ns
C._Antioxidant activity applying an improved ABTS radicgl cation
decolorization assay. Free Radic. Biol. Med., 26, 1231-1237 (1999).

43) Spanos GA, Wrolstad RE. Influence of processing and storage on

Bronze MR, Duarte CMM. Antioxidant and anti-inflammatory ac-
tivity of a flavonoid-rich concentrate recovered from Opuntia ficus-

indica juice. Food Funct., 5, 3269-3280 (2014).

28) Dok-Go H. Lee KH. Kim HJ. Lee BH. Lee J. Song YS. Lee Y-H
Jin C, Lee YS. Cho J. Neuroprotective effects of antioxidative flavo-
noids, quercetin, (+)-dihydroquercetin and quercetin 3-methyl ether,
isolated from Opuntia_ficus-indica_var. saboten. Brain Res.. 965

the phenolic composition of Thompson Seedless grape iu_ice. J.
Agric. Food Chem., 38, 1565—1571 (1990).

44) Goger F, Kose YB, Goger G, Demirci F. Phytochemical charac-
terization of phenolics by LC MS/MS and biological evaluation of
Ajuga orientalis from TlLkeV. Ban.gladesh J. Pharmacol., 10, 639

(2015).

45) Ayla S, Seckin I, Tanriverdi G, Cengiz M, Eser M, Soner BC

130136 (2003):

29) Ginestra G, Parker ML, Bennett RN, Robertson J. Mandalari G,

Narbad A, Lo Curto RB. Bisignano G, Faulds CB. Waldron KW.

Oktem G. Doxorubicin induced nephrotoxicity: protective effect of
nicotinamide. /nt. J. Cell Biol., 2011, 1-9 (2011).
46) Seckin I, Uzunalan M, Pekpak M, Kokturk S, Sonmez H, Oztiirk Z

Anatomical, chemical, and biochemical characterization of cladodes
from prickly pear [Opuntia ficus-indica (L) Mill]. J Aeric, Food
Chem., 57, 1032310330 (2009):

30) Hassan SM, Khalaf MM, Sadek SA, Abo-Youssef AM. Protective
effects of apigenin and myricetin against cisplatin-induced nephro-
toxicity in mice, Pharm. Biol., S5. 766774 (2017).

Demirci S, Yaprak E. Experimentally induced puromycine amino-
nucleoside nephrosis (PAN) in rats: evaluation of angiogenic protein
Elatelet—derived endothelial cell growth factor (PD-ECGF) expres-
sion in glomeruli. J. Biomed. Sci., 19, 24 (2012).



http://dx.doi.org/10.1021/jf025696p
http://dx.doi.org/10.1021/jf025696p
http://dx.doi.org/10.1021/jf025696p
http://dx.doi.org/10.1021/jf030123d
http://dx.doi.org/10.1021/jf030123d
http://dx.doi.org/10.1021/jf030123d
http://dx.doi.org/10.1021/jf030123d
http://dx.doi.org/10.1021/jf030123d
http://dx.doi.org/10.1016/j.jep.2015.10.003
http://dx.doi.org/10.1016/j.jep.2015.10.003
http://dx.doi.org/10.1016/j.jep.2015.10.003
http://dx.doi.org/10.1111/1750-3841.13990
http://dx.doi.org/10.1111/1750-3841.13990
http://dx.doi.org/10.1111/1750-3841.13990
http://dx.doi.org/10.1111/1750-3841.13990
http://dx.doi.org/10.1016/j.apjtm.2017.08.016
http://dx.doi.org/10.1016/j.apjtm.2017.08.016
http://dx.doi.org/10.1016/j.apjtm.2017.08.016
http://dx.doi.org/10.1016/j.apjtm.2017.08.016
http://dx.doi.org/10.1016/j.etp.2011.12.003
http://dx.doi.org/10.1016/j.etp.2011.12.003
http://dx.doi.org/10.1016/j.etp.2011.12.003
http://dx.doi.org/10.1016/j.etp.2011.12.003
http://dx.doi.org/10.1016/j.alcohol.2011.09.024
http://dx.doi.org/10.1016/j.alcohol.2011.09.024
http://dx.doi.org/10.1016/j.alcohol.2011.09.024
http://dx.doi.org/10.1016/j.alcohol.2011.09.024
http://dx.doi.org/10.2174/1871530318666180328110524
http://dx.doi.org/10.2174/1871530318666180328110524
http://dx.doi.org/10.2174/1871530318666180328110524
http://dx.doi.org/10.2174/1871530318666180328110524
http://dx.doi.org/10.1016/j.fm.2016.06.009
http://dx.doi.org/10.1016/j.fm.2016.06.009
http://dx.doi.org/10.1016/j.fm.2016.06.009
http://dx.doi.org/10.1016/j.fm.2016.06.009
http://dx.doi.org/10.1016/j.fm.2016.06.009
http://dx.doi.org/10.1111/jphp.12977
http://dx.doi.org/10.1111/jphp.12977
http://dx.doi.org/10.1111/jphp.12977
http://dx.doi.org/10.1111/jphp.12977
http://dx.doi.org/10.1039/C4FO00071D
http://dx.doi.org/10.1039/C4FO00071D
http://dx.doi.org/10.1039/C4FO00071D
http://dx.doi.org/10.1039/C4FO00071D
http://dx.doi.org/10.1016/S0006-8993(02)04150-1
http://dx.doi.org/10.1016/S0006-8993(02)04150-1
http://dx.doi.org/10.1016/S0006-8993(02)04150-1
http://dx.doi.org/10.1016/S0006-8993(02)04150-1
http://dx.doi.org/10.1016/S0006-8993(02)04150-1
http://dx.doi.org/10.1021/jf9022096
http://dx.doi.org/10.1021/jf9022096
http://dx.doi.org/10.1021/jf9022096
http://dx.doi.org/10.1021/jf9022096
http://dx.doi.org/10.1021/jf9022096
http://dx.doi.org/10.1080/13880209.2016.1275704
http://dx.doi.org/10.1080/13880209.2016.1275704
http://dx.doi.org/10.1080/13880209.2016.1275704
http://dx.doi.org/10.1016/j.foodchem.2018.11.031
http://dx.doi.org/10.1016/j.foodchem.2018.11.031
http://dx.doi.org/10.1016/j.foodchem.2018.11.031
http://dx.doi.org/10.1016/j.foodchem.2018.11.031
http://dx.doi.org/10.1016/j.foodchem.2018.11.031
http://dx.doi.org/10.1007/s11130-010-0189-x
http://dx.doi.org/10.1007/s11130-010-0189-x
http://dx.doi.org/10.1007/s11130-010-0189-x
http://dx.doi.org/10.1093/ndt/gfr195
http://dx.doi.org/10.1093/ndt/gfr195
http://dx.doi.org/10.1093/ndt/gfr195
http://dx.doi.org/10.1093/ndt/gfr195
http://dx.doi.org/10.4103/0253-7613.178834
http://dx.doi.org/10.4103/0253-7613.178834
http://dx.doi.org/10.4103/0253-7613.178834
http://dx.doi.org/10.4103/0253-7613.178834
http://dx.doi.org/10.1016/j.tox.2013.05.015
http://dx.doi.org/10.1016/j.tox.2013.05.015
http://dx.doi.org/10.1016/j.tox.2013.05.015
http://dx.doi.org/10.1016/j.tox.2013.05.015
http://dx.doi.org/10.1016/j.jbiosc.2012.11.007
http://dx.doi.org/10.1016/j.jbiosc.2012.11.007
http://dx.doi.org/10.1016/j.jbiosc.2012.11.007
http://dx.doi.org/10.1016/j.ejphar.2011.06.051
http://dx.doi.org/10.1016/j.ejphar.2011.06.051
http://dx.doi.org/10.1016/j.ejphar.2011.06.051
http://dx.doi.org/10.1016/j.ejphar.2011.06.051
http://dx.doi.org/10.1016/j.ejphar.2011.06.051
http://dx.doi.org/10.1002/ptr.1741
http://dx.doi.org/10.1002/ptr.1741
http://dx.doi.org/10.1002/ptr.1741
http://dx.doi.org/10.1002/ptr.1741
http://dx.doi.org/10.1016/j.phymed.2015.03.003
http://dx.doi.org/10.1016/j.phymed.2015.03.003
http://dx.doi.org/10.1016/j.phymed.2015.03.003
http://dx.doi.org/10.1016/j.phymed.2015.03.003
http://dx.doi.org/10.1038/1811199a0
http://dx.doi.org/10.1038/1811199a0
http://dx.doi.org/10.1016/S0891-5849(98)00315-3
http://dx.doi.org/10.1016/S0891-5849(98)00315-3
http://dx.doi.org/10.1016/S0891-5849(98)00315-3
http://dx.doi.org/10.1021/jf00097a030
http://dx.doi.org/10.1021/jf00097a030
http://dx.doi.org/10.1021/jf00097a030
http://dx.doi.org/10.3329/bjp.v10i3.23500
http://dx.doi.org/10.3329/bjp.v10i3.23500
http://dx.doi.org/10.3329/bjp.v10i3.23500
http://dx.doi.org/10.3329/bjp.v10i3.23500
http://dx.doi.org/10.1155/2011/390238
http://dx.doi.org/10.1155/2011/390238
http://dx.doi.org/10.1155/2011/390238
http://dx.doi.org/10.1186/1423-0127-19-24
http://dx.doi.org/10.1186/1423-0127-19-24
http://dx.doi.org/10.1186/1423-0127-19-24
http://dx.doi.org/10.1186/1423-0127-19-24
http://dx.doi.org/10.1186/1423-0127-19-24

