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Research has established a strong connection letvelet rich in antioxidants and a decreased émcid of
cardiovascular disease and cancer. These dietdranathy feature fruits and vegetables containinghhéamounts of
vitamins A, B, C and E, carotenoids, and minefifferent processing conditions for these foodsaser their nutrient
complement and potency. This study compared thexat#nt properties of a range of processed faunits vegetables to
see which yielded the highest level of antioxidastivity. We used an acetaminophen-induced oxidatixess mouse
model to evaluate the antioxidant effects of extrat processed apple, pear, carrot, cabbage,dbcamed radish. Our
results showed that the administration of thestsfdecreased the expression of oxidative stresaitors such as ALT,
AST, catalase, superoxide dismutase, GPx, and 830MHaky also significantly protected mice livermfr APAP-induced
damage, as shown by histological evaluation. Gaulthave demonstrated the positive effects ofgased fruits and

vegetables in a mouse model of oxidative stress.
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INTRODUCTION

A great deal of epidemiological evidence suppdres t
connection between diets rich in fruits and vedetaand a
reduced risk of cardiovascular disease and caBeerchet
et al., 2009; Casas et al., 2018). Oxidation octurthe
presence of free radicals, and studies have shuatriree
radicals cause oxidative damage to different m@dscsuch
as lipids, proteins, and nucleic acids and are ituved
in the development of certain degenerative andnitais-
eases (Lobo et al., 2010; Boeing et al., 2012)iokiotant
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compounds, both natural and synthetic, can nezaréiee
radicals and help prevent certain diseases, suchra=r,
cataracts, cerebral pathologies, and rheumatdidtiar{Lobo
et al., 2010; Kasote et al., 2015).

Fruits and vegetables contain antioxidant composnds
as vitamins C and E and carotenoids, and recerit knas
revealed the presence of polyphenol compoundsits &nd
vegetables such as flavonoids that also contrieneficial
effects (Pandey and Rizvi, 2009; Alkadi, 2018; Letzl.,
2019). Besides polyphenols, many other compouratept
in fruits and vegetables assist in their antioxidastivity.
For example apple polyphenol phloretin had beendda
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suppress the PISK/AKT pathway that is activated sesult
of oxidative stress (Liu et al., 2016). Epidemiabadjstudies
have found a relationship between plant antioxilamd
the amelioration of certain chronic diseases (Kasbt@l.,
2015; Kumar et al., 2015). Ascorbic acid, a majuioi-
dant, is widely consumed in the form of tabletsygy, and
other supplemental forms. Certain studies, howeéhaare
suggested that supplemental vitamin C intake niigi¢ad
enhance its pro-oxidant properties (Leonard et2802).
Scientific communities maintain that the consumptid
natural foods remains the best way to increasexadint
intake, and research into processing methods thaegye
the maximum amount of nutrients therein is ongoing.
In our study, we investigated the antioxidant prige of
processed apple, pear, carrot, cabbage, brocadlraaish
extractdn vivo in an acetaminophen (APAP)-induced oxida-
tive stress mouse model. Our results strongly stigigat the
administration of these extracts decreased le¥gitasma
ALT, AST, catalase, SOD, GPx and 8-OHdG, and ptetec
the mice livers from the harmful effects of APAR:eall,
these findings indicate that the processing of etHagts
and vegetables has not reduced their antioxidfettef

MATERIALS AND METHODS
Extract preparation

The sampletalus Domegtica (apple),Pyrus Communis
L. (pear),Daucus carota L. (carrot),Brassica oleracea var.
(broccoli), Brassica oleracea var. capitata (cabbage) and
Raphanus sativus L. (radish) were agricultural products
grown in South Korea and locally purchased frowiiticanal
market. The samples were washed; then cut int@namif
shapes of 0.5 crx 0.5 cm X< 0.5 cm, freeze-dried, sealed
dry to keep away from moisture and stored inG7Raw
samples underwent heat treatment using an apparstios
a pressure of 10 kg / érdusco, Seoul, South Korea). The
samples were placed in the inner compartment centaind
water was added in the outer compartment of theairen.
The apparatus was heated up according to predagami
temperature and time (14a50C for 6 hours) to prevent
carbonization of samples from direct heat. Samplee
weighed and were dissolved in deuterium-depleteérwa

(DDW) for oral administration at a dose of 500 ngg/khe
dosages of samples were determined in accordaritbe wi
some previously reported studies on the effecta@tom-
ponents of fruits and vegetablesiinvivo oxidative stress
models (Singh et al., 2012; Syed et al., 2014;r8aat al.,
2016).

Estimation of the antioxidant activity of processedrulits
and vegetables

We estimated the antioxidant properties of the gssed
vegetables and plants samples in our previouslgriezgh
data (Lee et al., 2018). Mainly the antioxidantet§ of the
fruits and vegetables are due to the abundant pehgis,
flavonoids, anthocyanins, phytoestrogens, caratsriMiller
et al., 2000).

Experimental animals and sample administration

Male BALB/c mice, 6 to 8 weeks old and weighing be-
tween 19 and 22 g were purchased from Charles ,River
Orient Biotechnology, Gyeonggi-do, South Korea.éMigere
housed in a specific-pathogen-free (SPF) barrilitfaat
21 =+ 2T with a relative humidity of 66t 10% under a
12 h light and dark cycle. Food and water wereigeal/ad
libitum. All animal care and experimental procedunere
carried out in accordance with internationally atee guide-
lines on the use of laboratory animals, and studtopols
were approved by the Animal Care Committee (IACUC)
of the College of Veterinary Medicine, Kyungpooktiniaal
University, Daegu, South Korea. Mice were dividetb i9
groups, with each group containing six animalsugrbwas
the control group with vehicle treatment only; Gyduwas
the APAP-challenged-only group, receiving an irdripneal
(IP) injection of 400 mg/kg of acetaminophen inirgke
dose; Group 3 was the positive control N-acetytgpst
(NAC) group, receiving 75 mg/kg thereof orally é&ach day
for seven days as previously reported (James, &0dl3);
Group 4 was the processed apple group, Group Sheas
processed pear group, Group 6 was the processed car
group, Group 7 was the processed broccoli group,i8
was the processed cabbage group, and Group 9 evpsoth
cessed radish group. Animals in groups 4 throughr@ fed
their respective extracts for 7 days and, withldiseat 2 h

-212 -



after last sample administration. APAP was injeatéa all
mice except Group 1, the control group. Twenty-foours
after the last administration, blood and liver uess were
harvested after euthanization of animals by @hyxiation,
for estimation of different oxidative parametersr Berum
preparation, blood from mice was carefully withdnaand
put in the Eppendorf tubes without anticoagulanifmout
1 h. Then the serum was extracted and put in ngsrigorf
tubes and centrifuged at 1,062,000 g for 10 min at%@
and later stored at -20 till further use.

Assessment of serum 8-hydroxy-2'-deoxyguanosine (8-
OHdG) levels

For 8-OHdG measurement and biochemical analysis

blood samples were collected from mice under isafie
respiratory anesthesia and placed in serum tubes3-A

in absorbance values at different NADPH levels véth
sample dilution of 1:20.

Evaluation of liver damage by serum biochemical argsis

Blood levels of aspartate aminotransferase (AST) an
alanine aminotransferase (ALT) in mice were measuseg
specialized kits according to manufacturer's ictivas
(Cayman Chemicals, Ml, USA).

Hematoxylin and eosin staining of liver tissue

Liver tissue was harvested from mice after eutharzasl
processed for paraffin embedding, slicing, and texyén
and eosin (H&E) staining.

Statistical analysis

Data are presented as meaisSEM. One-way ANOVA

OHdG assay kit (Cayman Chemical, Michigan, USA) wasand Dunnett's tests were applied for the statigicduation

used to measure 8-OHdG levels. The content wasuneehs

of the data. AP-value of less than 0.05 was considered

based on the competition of 8-OHJG and AChE enzymestatistically significant. Respective significancarks are

labeled 8-OHdG for 8-OHdG monoclonal antibody.
Preparation of liver homogenate

After euthanasia, liver tissue was immediately aoted
and stored in physiological saline on ice until logen-
ization. A 10 mmol Tris-HCl and 1 mmol ethylenedinen
tetraacetic acid (EDTA, pH 7.4) buffer was usedhiomo-
genization. Whole liver tissues were placed in 20 oh
homogenization buffer, and then 10% homogenatepveas
pared relative to liver weight. After centrifugatiat 1,500

described in the figure legends.

RESULTS AND DISCUSSION

Amelioration of ALT and AST activity by fruit and
vegetable extracts

ALT is a transaminase enzyme that catalyzes thg@pans
of the alanine cycle, and is found in plasma arnibua
body tissues and most commonly in the liver. Sefm
and AST and their ratio (AST/ALT ratio) are biomairk of

rom for 30 min at &, the supernatant was separated andiver health. ALT is usually measured as part ofagnostic

stored at -8 until further analysis.
Measurement of antioxidant enzyme levels in liveligsue

Antioxidant enzyme activity was analyzed using #fgec

evaluation of hepatocellular injury (Huang et &Q06;
McGill, 2016). As shown in Fig. 1A, while all extts re-
duced the levels of ALT in the serum of APAP mitte
strongest results were for the processed appleaish

enzyme assay kits (Cayman Chemical, Michigan, USA).extracts. Serum AST levels were most prominentiyced
Superoxide dismutase (SOD) activity (Cu/zZn, Mn, andby apple and cabbage extracts (Fig. 1B). The wyidgrl

FeSOD) was measured by diluting samples to 1:1Ca@-
lase (CAT) activity was measured by 4-amino-3-hgidia
5-mercapto-1,2,4-triazole (Purpald), in a sampligtetl to
1:1,000. Glutathione peroxidase (GPx) assay wdsrpad
in the presence of glutathione (GSH) and oxididaththi-
one (GSSG), and GPx activity was evaluated byrdifiges

mechanisms mainly involve enhancing anti-oxidafigfense
enzymes by mediating nuclear factor erythroid ateel
factor 2 (Nrf2)/cytochrome P450 2E1 (CYP2E1) exgites
decreasing inflammation by alleviation of mitogetirvated
protein kinase (MAPK)/nuclear factor kappaB (KB} sign-
aling pathways and suppressing apoptosis throggttateng
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Fig. 1. (A) Alanine aminotransferase (ALT) and (B) asparteansaminase (AST) levels in the serum. T itefd< 0.05 as compared
the control group, *** indicateP < 0.001 compared to acetaminophen, BrildicatesP < 0.01 compared to NAC (positive control’

apple; 5, pear; 6, carrot; 7, broccoli; 8, cabb8geadish.

B-cell ymphoma 2 (Bcl-2)/protein kinase B (AKT)amase
expression (Li et al., 2018).

Restoration of SOD, GPx and catalase activity and
reduction of 8-OHdG by fruit and vegetable extracts

Superoxide dismutase (SOD) is an enzyme that aléyn
catalyzes the dismutation (partitioning) of the esopide
O, radical into either molecular oxygenj@r hydrogen
peroxide (HO,). It is produced as a by-product of oxygen
metabolism and, if not regulated, can cause cefiagz.
SOD is an important antioxidant for all living cetixposed
to oxygen (Younus, 2018). As can be seen in Fig ABAP
administration caused SOD levels to decrease &ignify
in comparison to the control group. Processed apaieot,
and cabbage extract administration restored SO&ldlas
compared to the APAP group.

Glutathione peroxidase (GPx) is the general namarfo
enzyme family with peroxidase activity whose maio-b
logical role is to protect the organism from oxidatlamage.
Glutathione peroxidase reduces lipid hydroperoxidebeir
corresponding alcohols and free hydrogen perogidéter
(Lubos et al., 2011). As shown in Fig. 2B, GPx Isweere
predominantly decreased in the APAP group, whiegssed
apple and broccoli extracts restored levels of ¢hizyme
as compared to the APAP group.

Catalase (CAT) is a common enzyme found in nedrly a
living aerobic organisms that catalyzes the decaitipo of

hydrogen peroxide into water and oxygen. It is it
for protecting the cell from oxidative damage \éaative
oxygen species (ROS). Hydrogen peroxide is a hatgfu
product of many normal metabolic processes and baust
quickly converted into other, less dangerous sabstto
prevent damage to cells and tissues. Cells prathiakse to
rapidly catalyze the decomposition of hydrogen xideointo
less-reactive gaseous oxygen and water molecuteth(hip,
1925; Glorieux and Calderon, 2017). In Fig. 2@aih be
seen that the CAT activity that was significanthcobased
in the APAP group was increased in the processptt ap
and cabbage groups when compared to APAP andvgositi
controls.

8-0x0-2'-deoxyguanosine (8-OHdG) is an oxidizedvder
tive of deoxyguanosine and is one of the major petedof
DNA oxidation. Concentrations of 8-OHdG within dlce
are a measurement of oxidative stress (Valavarida.,
2009). As can be seen in Fig. 2D, 8-OHdG levelsulezae
extremely elevated in the APAP oxidative stressignoere
reduced significantly by processed apple and bloaten
compared with the APAP and NAC (positive controfugps.

Effects of fruit and vegetable extracts on APAP-indced
hepatic damage

Liver tissues from all mice were harvested, andr the
morphology was examined histologically to evalahtenges
induced by APAP and whether extracts treatmenafiected
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Fig. 2.(A) Superoxide dismutase (SOD), (B) glutathionexidase (GPx) and (C) catalase activity (CAT) @pdB-oxo-2'dexoxyguanosir
(8-OHdG) levels in the serum of mice in the serdmize. T indicate® < 0.05 compared to control, ** indicat®s< 0.001 compared to
acetaminophen, arflindicates? < 0.01 compared to NAC (positive control). 4, &pl, pear; 6, carrot; 7, broccoli; 8, cabbageadish.

Fig. 3. Hematoxylin and eosin (H&I
staining of liver sections from mice
group (A) control, (B) acetaminoph
(C) NAC, (D) apple, (E) pear, (Eprrot
(G) broccaoli, (H) cabbage, and (1) rad
Images were taken at 20X magnifica
using a microscope camera.
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these changes. APAP induced severe hepatocelanzage,
with the hepatic lobules showing extensive cettilar
coagulative necrosis with increased eosinophilevege
hemorrhage was also observed, mostly in the hdphtite.
The sinusoids were dilated, were heavily congesitkdred
blood cells and lymphocytes, and the endothelih®ten-
tral veins were destroyed. Centrilobular hepatacst®wed
severe ballooning degeneration. Cell boundarie® \ller
defined, and most nuclei were darkly stained, thighamount
of heterochromatin increased at the nuclei penjpihrclei
also showed extensive karyolysis, pyknosis, angbkdrexis
neutrophil accumulation, hemorrhage, and parenchgetia
injury (arrows, Fig. 3) and as reported previoy8iazka
et al., 1996; Mossanen and Tacke, 2015). Howehr, t
damage was almost completely reversed by treatwitnt
positive control NAC and processed apple and cabbzg
tracts.

Finally, these results indicate that the procesggule
extract demonstrated the most antioxidant actatyong
the extracts tested, as it was the most effeativaitigating
all parameters related to oxidative stress examimebis
study. Apple extract was also shown to restorelimeage
induced by APAP, as demonstrated by histologicallyars.
Further, more detailed studies at the mechanestil il
help delineate the factors involved in the antiamidactivity
of the processed apple examined in this reportebiar,
we will also try to elucidate the difference in thati-oxidant
capacity of processed and fresh fruits in future.
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