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ABSTRACT

Oxidative stress is an inevitable consequence for aerobic organisms. It
generates the production of reactive oxygen species which may cause
detrimental effects to biological systems. It is known for playing a crucial role in
the etiology of several diseases including diabetes, cancer and cardiovascular
disorders. To increase the body’s antioxidant potential for fighting against
oxidative stress, it has been recommended that individuals increase their intake
of dietary antioxidants. Regular consumption of fruits and vegetables containing
natural antioxidants is associated with reducing the risk of various diseases.
Hence, we chose three edible fruits consumed widely in Turkey: Cornus mas L.,
Diospyros kaki L. and Laurocerasus officinalis Roem. to evaluate their
antioxidant capacity both in vitro and in vivo. We also studied the antioxidant
effects of the leaves of C. mas under increased oxidative stress conditions,
since they are traditionally used against diabetes, and oxidative stress is clearly
attributed to diabetes. In vitro screening tests indicated that 80% methanolic
extracts of all studied plants have high antioxidant activity in terms of free
radical scavenging and metal reducing activity. In vivo antioxidant studies on
healthy rats demonstrated that the antioxidant capacity of liver homogenates
were increased, although no changes were observed in the activities of
antioxidant enzymes SOD, CAT and GSH-Px or in the level of lipid peroxidation.
Studies on CCl,~induced oxidative damage also showed that 80% methanolic
extract of C. mas leaves restored the activities of antioxidant enzymes, lowered
the level of lipid peroxidation and elevated the total antioxidant capacities of
both total blood and liver homogenates of the animals. Further activity guided

fractionation studies led to the isolation of gallic acid, a well known antioxidant.

Key words: Cornus mas L., Diospyros kaki L., Laurocerasus officinalis Roem.,

antioxidant activity, gallic acid



OZET

TURKIYE’DE SIKGA TUKETILEN BAZI MEVYE VE BASKA BIiTKi
KISIMLARININ ANTIOKSIDAN POTANSIYELLERININ INCELENMESI

Oksidatif stres aerobik canlilar icin kaginilmaz bir sonugtur. Biyolojik
sistemler Uzerinde hasara yol agmasi muhtemel reaktif oksijen turlerinin
olugsmasina sebep olur. Bu durumun aralarinda diyabet, kanser ve kalp—damar
rahatsizliklarinin da aralarinda bulundugu bir ¢ok hastaligin kokeninde
bulundugu bilinmektedir. Vicudun oksidatif strese kargi antioksidan savunma
kapasitesini artirmak icin antioksidan bakimindan zengin gidalarin tuketilmesi
tavsiye edilmektedir. Bu sebeple Ulkemizde meyveleri sik¢a tiketilen Ug¢ bitkinin,
Cornus mas L., Diospyros kaki L. ve Laurocerasus officinalis Roem., in vitro ve
in vivo antioksidan kapasitelerini arastirildi. Bunun yaninda diyabet ile oksidatif
stres arasindaki iligki bilindiginden, tlkemizde halk arasinda seker hastaligina
kargi kullanilan C. mas vyapraklarinin artan oksidatif strese karsi etkisi
incelenmigtir. In vitro tarama testleri tim bitki materyallerinden hazirlanan %80
metanol ekstrelerinin yUksek serbest radikal supurucu etki ve metal baglayici
etkiye sahip oldugunu ortaya koymustur. Saglikli hayvanlar Uzerinde yapilan in
vivo calismalar ise hayvanlardan alinan karaciger orneklerinde antioksidan
kapasitenin arttigini ancak antioksidan enzim aktivitesinde ya da lipit
peroksidasyonunda herhangi bir degisiklige yol agmadigi gézlenmistir. CCl, ile
indUklenmis oksidatif hasar Uzerinde yapllmis g¢alismalarda C. mas
yapraklarinin  azalmig antioksidan enzim aktivitesini  duzelttigi, lipit
peroksidasyon seviyesini azalttigi, ayni zamanda toplam kan ve karaciger
orneklerinde antioksidan kapasiteyi arttirdigi gozlenmigtir.  Aktivite ile
yonlendirilmis fraksiyonlama calismalari sonucunda antioksidan etkisi iyi bilinen

bir bilesik olan gallik asit elde edilmigtir.

Anahtar kelimeler: Cornus mas L., Diospyros kaki L., Laurocerasus officinalis

Roem., antioksidan aktivite, gallik asit
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1. INTRODUCTION & AIM

There has been a growing interest on natural products not only for the
maintenance of health but also for the prevention of diseases and assisting the
treatment. The possible risks and side effects of synthetic drugs play a major
role in this phenomenon. Hence, it has become more and more important to
investigate new natural remedies and/or leading natural drug molecules with

fewer side effects.

Although oxygen is indispensible for all of the aerobic organisms on
earth, it also may be toxic and mutagenic for these organisms. The
consumption of oxygen by cells generates the formation of a series of reactive
oxygen species (ROS). The deleterious effect of these ROS resulting in
potential damage in biological systems is termed as oxidative stress, which may
lead to damage in DNA, lipids or proteins. Oxidative stress is an inevitable
consequence of aerobic life and it is clearly related to the etiology of a wide
range of chronic and acute diseases such as cancer, diabetes, cardiovascular
disorders and the aging process, etc. Living organisms generate both enzymatic
(superoxide dismutase, catalase, etc.) and non — enzymatic (glutathione, uric
acid, ceruloplasmin, etc.) antioxidant defense systems for providing protection
against oxidative stress. However, their amount may be inadequate in the cases
of excess production of ROS. Therefore, it is important to protect the balance
between oxidative stress and antioxidant mechanisms in order to prevent the
harmful effects caused by oxidative stress (1,2).

Epidemiological surveys have demonstrated the benefits of consuming
antioxidant—rich diets, in the prevention of such diseases mentioned above (3).
Numerous studies indicate that plants are a great source for natural
antioxidants such as phenolic compounds, vitamins E and C, etc., which may
increase the antioxidant potential of the body to protect from the damaging
effects of free oxygen radicals. However, most of these researches were carried
out on in vitro antioxidant screening assays. Although these tests may also

provide valuable mechanistic data about the activity, they may conflict with in



vivo studies due to the possible problems in the bioavailability of bioactive

compounds.

In the light of this information, we have planned to investigate the
antioxidant potentials of widely consumed three edible fruits, i.e., Cornus mas
L., Diospyros kaki L. and Laurocerasus officinalis Roem. by both in vitro and in

vivo tests in detail.

Cornus mas L. is one of the two species of genus Cornus growing in
Turkey (4). The ethnobotanical data report that the leaves of this plant have
been used against diabetes in Turkey (5,6). Due to the direct relationship
between diabetes and oxidative stress, we first aimed to evaluate the
antioxidant potential of C. mas leaves in detail and to isolate antioxidant
ingredient(s) by using the bioactivity guided fractionation procedures and to

elucidate their chemical structures through spectroscopic techniques.



2. GENERAL DESCRIPTION

2.1. Cornus L.
2.1.1. Botanical Information
2.1.1.1. Cornaceae

Trees or shrubs. Leaves simple, entire, usually opposite, exstipulate.
Flowers in corymbose cymes or umbels, hermaphrodite, actinomorphic,
epigynous. Sepals small or absent. Petals usually 4. Stamens usually 4,
alternating with petals. Ovary inferior, 2-locular; ovules 1 per loculus, pendulous
from apex, anatropous; style 1. Fruit a drupe with a single 2-locular pyrene;

seeds with copious endosperm (4).

2.1.1.2. Cornus species

Deciduous shrubs or trees. Leaves opposite, entire. Inflorescence a
terminal cymose corymb or an axillary umbel. Flowers 4-merous, usually

hermaphrodite; ovary bilocular. Fruit drupaceous with a bony stone.

The genus Cornus is represented by 2 species in “Flora of Turkey and
The East Aegean Islands”. Dichotomous key for the determination of these

species is as follows (4):

1. Inflorescence a terminal cymose corymb; drupe spherical

1. sanguinea

1. Inflorescence an axillary umbel; drupe elongate 2. mas

2.1.1.3. Cornus mas L.

Shrub or small tree, 3-5 m. Leaves lanceolate to broadly elliptic, 2.5 — 8.5

cm, with 3 — 5 pairs of veins. Inflorescence 1.5 — 2.5 cm diameter, 15 — 20-



flowered, subsessile; bracts 6 — 10 mm, ovate-lanceolate. Flowers greenish to
pale yellow; petals 2 — 3 mm; sepals c. 0.5 mm. Drupe 12 — 15 x ¢. 7 mm,

ellipsoid to cylindrical, yellow at first, becoming red (4).

Flowering season: 3"“— 5™ months

Habitat: Broad — leaved forrest, scrub

Altitude: 20 — 1500 m.

Distribution in Turkey: Regions of Marmara, Black Sea,
Mediterranean, Eastern Anatolia and Anatolia Interior.

Worldwide distribution: Central and Southeastern Europe,
Crimea, Southern Russia, Caucasia, Northern and Northwestern

Iran.
2.1.1.4. Local names of Cornus species

In Turkish: Kizilcik, beyaz kizilcik, ¢ali kizilcigi, gum, egren, ergen, eyir,
guren, kevren, kiran, kiren, sefit, zagal, zangal, zaval, zavrak, zogal, zoval,

zugal, zuhal, zuval (7), kiren (5,7).

In Other Languages: Cornelian cherry (8), dogwood (9) (English), corn
(10) (Istro — Romania), drijen (11) (Serbian), thanak (12) (Albanian).

2.1.1.5. Traditional Usage of Cornus Species

C. mas and C. sanguinea are the two species naturally growing in
Turkey. The fresh or dried fruits of C. mas are frequently reported to be used
against diarrhea (13). Stewed fruits of C. mas are also eaten to treat diarrhea as
well as to treat sunstroke. Boiled fruits are homogenized after removing seeds
and sieved; later a thick soup is prepared by the addition of flour, and
administered orally to treat common cold and bronchitis. In addition, the
decoction of fruits is drunk as hypoglycemic and the fruit juice obtained by
pressing is used against diarrhea in the same region (5). The tonic prepared
from the fruits of C. mas is also reported to be used against mild diarrhea in
Montenegro (11). The fruits are prepared as syrup or macerated in raki and

used as nutraceutical in Albania (12). The fruits of the same species are



fermented to produce vinegar and used for losing weight in Croatia (10). C.
sanguinea fruits are used as dye and the fixed oil obtained from its seeds in
soap making (13). The fruits of C. officinalis, a Fareastern species, are
traditionally used as to treat tuberculosis, allergy, hepatitis, lumbago and
chronic nephritis in China, Korea and Japan (14). It is also widely used against
diabetes in those countries (15). C. kousa, a deciduous tree, is known for its
colorful and attractive flowers and fruits. Therefore, it is widely grown for

ornamental purposes (9).

The infusion prepared from C. mas leaves are used against diabetic
complaints in Northwestern Anatolia (5). The dried powder of C. mas leaves are
known to be used for wound healing (13). Its decoction was also reported to be
used for the same purpose among Turkish population living in Germany (6).

The decoction is also used against hypertension in the Marmara region (5).

The fixed oil from the seeds of C. sanguinea is used to treat toothache.
The oil obtained by burning a piece of fresh branch is placed on a small cotton

plug and inserted in the tooth cavity (5).

The barks of C. flourida, a native plant to eastern North America, were
commonly used against malaria among the early American settlers. They
claimed the activity to be equal or greater than Cinchona (16). The infusion
prepared from the barks of C. mas is used for treating fever and against

parasitic infections in Turkey (13).



2.1.2. Bioactivity Studies on Cornus Species
2.1.2.1. Studies on Antidiabetic Activity

Yamahara et al. found that the ether extracts of the seeds of C. officinalis
exhibited good antidiabetic activity on streptozotocin—induced diabetic rats.
They have also stated that bioactivity—guided fractionation of the ether extract
yielded ursolic acid as the antidiabetic constituent, while oleanolic acid

decreased the amount of water consumption and urine volume (15).

In a recent study conducted by Gao et al. (17), streptozotocin—induced
diabetic rats were orally administered with 70% ethanolic extract of C. officinalis
fruits at different doses for 40 days. At the end of the experimental period, blood
glucose levels, urinary protein levels and water consumption were significantly
decreased. The treatment also provided reduction in serum total cholesterol,
low-density lipoprotein cholesterol and total triglyceride levels in diabetic rats.
The levels of serum creatinine and albumin were also significantly decreased.
C. officinalis also increased the activities of the antioxidant enzymes SOD, CAT
and GSH-Px in the kidneys of diabetic rats. Besides, the treatment enhanced

the expression of peroxisome proliferator—activated receptor—y (PPAR- y).

Yamabe et al. (18) demonstrated that 10 days of treatment with fruits of
C. officinalis attenuated the levels hyperglycemia and proteinuria in STZ-
induced diabetic rats. More importantly, the treatment inhibited the advanced
glycation end—product (AGE) formation and also the expression of proteins
related to this formation in a same way as with aminoguanidine, a known
inhibitor of AGEs. In addition to these results, they indicated that the treatment
with the fruit extract showed better improvement on serum creatinine and
creatinine clearance levels than aminoguanidine. Yamabe et al. investigated the
effects of loganin, a major iridoid glycoside found in fruits of C.officinalis, on
type-2 diabetic db/db mice after 8 weeks of treatment. The results stated that
hyperglycemia and dyslipidemia were ameliorated in both serum and hepatic
tissue. Loganin alleviated the increased oxidative stress via a reduction in

thiobarbituric acid reactive substances and serum reactive oxygen species. It



also showed lipid regulating effect in the livers of diabetic mice through
suppressing mMRNA expressions associated with lipid synthesis and adjusting
the abnormal expression of peroxisome proliferator—activated receptor-a sterol
binding protein in nucleus. Additionally, loganin inhibited AGE formation and the
expression of its receptor. It also suppressed the hepatic tissue inflammation
induced by nuclear factor- kappa B (19).

A similar study by Park et al. also investigated the in vitro inhibitory
effects of the water extract of C. officinalis fruits on AGE products formation.
Surprisingly, they found poor activity compared to that of aminoguanidine.
However, they suggested that the polyphenolic fraction of the water extract

showed much better activity than the extract itself (20).

Lin et al. (21) found that C. officinalis fruits significantly increased the
glucose uptake from muscles and prevented cytokine—mediated B—cell death.
Another study by Chen et al. (22) exhibited that methanolic extract of C.
officinalis fruits suppressed the gene transcription related to hepatic

gluconeogenesis and enhanced glucose responsiveness of pancreatic B—cells.

Jayaprakasam et al. studied the effects of anthocyanins and ursolic acid
isolated from C. mas fruits on high fat fed mice. After 8 weeks of treatment, they
found that these compounds prevented the high fat diet induced glucose
intolerance. Also, the liver lipid accumulation and triacyl concentration were
decreased (23).

Kim et al. (24) investigated the peroxisome proliferator—activated
receptor-y binding activity of C. kousa leaf extract in cell cultures. The results
showed that there was a dose—dependent increase in the activity. Furthermore,
the extract elevated adipogenesis and the expression of target proteins,
including glucose transporter 4 (GLUT 4). It also enhanced the glucose uptake

and stimulated insulin signaling.



2.1.2.2. Studies on Antioxidant Activity

Antioxidant activity of water extract of C. mas fruits was investigated by
Gulgin et al. (25). They showed that the extract had significant DPPH radical,
hydrogen peroxide and superoxide radical scavenging, metal reducing and

chelating activities.

Another study on antioxidant properties of different C. mas fruit types
was performed by Ersoy et al. (26). Their results suggest that the methanolic
extracts of all types showed good DPPH radical and hydrogen peroxide

scavenging activity and metal ion chelating potential.

Pantelidis et al. (8) studied the C. mas fruits grown in Greece. They
measured the ferric reducing antioxidant power of the fruits and found a

significant activity.

Hamid et al. assessed the antioxidant capacities of different C. mas
genotypes with DPPH radical scavenging methods and reported high activity for

all types (27).

Permanganate reducing activity of 80% ethanolic extract of C. mas fruits
was determined by Popovic et al. They also measured ascorbic acid content of
the fruits and found a good correlation between antioxidant activity and ascorbic
acid content (28).

Tanaka et al. (29) evaluated the antioxidant activity of C. capitata roots
by DPPH and superoxide radical tests. They also investigated the lipid
peroxidation activity in linoleic acid system and found that ethyl acetate fraction
demonstrated the highest activity. Several galloylglucoses were isolated from
this fraction and among these compounds, tetra- and pentagalloylglucoses

showed the highest activity.

Sultana and Lee studied DPPH radical scavenging activity of C. kousa

stems and reported a significant activity (9).



In addition to these in vitro antioxidant activity experiments, Gao et al., as
already mentioned, investigated the effect of C. officinalis fruit extract on
antioxidant enzyme levels, SOD, CAT and GSHPx, in kidneys of
streptozotocin—induced diabetic rats. After 40 days of treatment with the extract,

the levels of all three enzymes were significantly increased (17).

Lee et al. studied the effects of C. officinalis fruit extract on SOD and
CAT levels of acetaminophen—treated mice. After pretreatment for 7 days with

the extract, the levels of these enzymes were restored (30).
2.1.2.3. Studies on Antimicrobial Activity

Graziose et al. (16) studied the antiparasitic activity of 95% ethanolic
extract of C. florida barks. Through bioactivity-guided fractionation studies eight
triterpenic compounds, betulinic acid and derivatives were isolated. These
compounds were active on both Plasmodium falciparum and Leishmania

tarentolae, pointing both antiplasmoidal and antileishmenial activity.

Tarker et al. (31) investigated the antibacterial activity of different extracts
of C. mas fruits. The ethanolic extract of fresh fruits had moderate activity
against Staphylococcus aureus, S. epidermidis, S. pyogenes and Enterobacter

cloacae.

Another study revealed that ethanolic extract of C. mas barks showed
moderate inhibition against Staphylococcus aureus, Pseudomonas aeruginosa,
Proteus vulgaris and Micrococcus luteus (32).

2.1.2.4. Studies on Anticancer Activity

In an antitumor activity screening study, Turker et al. studied the effect of
different extracts prepared from C. mas fruits. They reported that in vitro
antitumor activity of the ethanol extract of C. mas was more prominent than that

of aqueous extract (31).

The study performed by Savikin et al. was about the cytotoxic properties
of the methanolic extracts of leaves and flowers of C. mas. The results indicated



that each of the extracts possessed significant cytotoxic activity against HeLa

and LS174 human cancer cell lines in vitro (33).

Vareed et al. also demonstrated the inhibitory effect of C. kousa fruits
against colon, breast, lung and central nervous system and stomach tumor cell
lines (34).

Kwon et al. (14) performed a study revealing the apoptotic mechanism of
ursolic acid isolated from the fruits of C. officinalis. They reported that ursolic
acid significantly inhibited the growth of primary malignant tumor—derived
prostate cells in dose— and time—dependent manners. Ursolic acid was also
found to induce apoptosis as evidenced by an increased proportion of cells in
sub—G1 phase, the formation of apoptotic cells, DNA fragmentation and nuclear
condensation. Another evidence from the study showed that the treatment

increased the activity of caspase-3, -8, -9 activities.
2.1.2.5. Studies on the Hepatoprotective Activity

Lee et al. (30) investigated the hepatoprotective activity of the ethanolic
extract of the fruits of C. officinalis on acetaminophen—treated mice. They
reported that pretreatment of mice with the extract for 7 days alleviated the
hepatic damage caused by acetaminophen as evidenced by the serum marker
enzymes. The treatment also inhibited lipid peroxidation and restored the levels

of antioxidant enzymes.

Kwon et al. (14) demonstrated that the administration of loganin isolated
from the fruits of C. officinalis had a protective effect against hepatic oxidative
stress due to type-2 diabetes via regulations of protein expressions associated

with oxidative stress, inflammation and apoptosis.
2.1.2.6. Studies on Other Activities

Gao et al. (17) studied the insecticidal effect of methanolic extract of C.

officinalis fruits against larvae of Drosophila melanogaster. Fractionation studies

10



on the extract revealed that CH,ClI, extract had the most potent activity against

larvae of D. melanogaster.

Neuroprotective effects of the methanolic extract of the fruits of C.
officinalis were investigated by Jeong et al. (35). The results demonstrated that
the extract had significant neuroprotective activity against glutamate—induced

toxicity in HT22 hippocampal cells.

11



2.1.3. Compounds Isolated from Cornus Species
2.1.3.1. Phenolic Compounds

a) Phenolic Acids and Derivatives

COOH
HO OH
OH
Table 1: Phenolic acids isolated from Cornus species
Compound Species Ref
Gallic acid officinalis (21)
HO X _-C00H
HO
Table 2: Phenolic acids isolated from Cornus species
Compound Species Ref
Caffeic acid officinalis (21)
@] COOCH 0]
HO '
¢} o
OH
HO
Table 3: Phenolic acid derivatives isolated from Cornus species
Compound Species Ref
Caftaric acid monomethyl ester officinalis (22)
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H H OR;
X X o) I I | COOH
H OR, H
HO/ Z
OH

Table 4: Phenolic acid derivatives isolated from Cornus species

Compound R, R, Species Ref
4-caffeoyl-L-threonic acid H H controversa (36)
2-galloyl-4-caffeoyl-L-threonic acid GA H controversa (36)
2,3-digalloyl-4-caffeoyl-L-threonic acid GA GA controversa (36)

GA: Galloyl

b) Flavonoids

Ry
R2
/
HO (0]
OR3
OH (@]
Table 5: Flavonoids isolated from Cornus species
Compound R; R, R3 Species Ref
Kaempferol H OH H officinalis (37)
4’-O-methyl-kaempferol H OMe Glc officinalis (37)
Kaempferol-3-O-3-galactoside H OH Gal mas (38)
Kaempferol-3-O-rhamnoside H OH Rha kousa (34)
Kaempferol-3-O-glucoside H OH Glc kousa (34)

13



officinalis (37)
Quercetin OH OH H controversa (39)
momum (40)
Quercetin-3-O-B-glucoronide OH OH GIuA officinalis (21)
officinalis (37)
Isoquercitrin OH OH Glc controversa (39)
mas (38)
Quercitrin OH OH Rha controversa (38,39)
officinalis (37)
Hyperoside OH OH Gal controversa (39)
mas (38)
RuUtin OH OH Rut controversa (39)
mas (38)
GIuA: Glucuronic Acid
OH
/ OH
OH
Table 6: Flavan-3-ols isolated from Cornus species
Compound R Species Ref
Catechin B-OH kousa 9)
Epicatechin a-OH kousa 9)
Epicatechin-3-O-gallate a-OGA officinalis (22)

GA: Galloyl
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OH O

Table 7: Flavonoids isolated from Cornus species

Compound R Species Ref
2-hydroxynaringenin H kousa 9)
2-hydroxynaringenin-7-O-B-glucoside Glc kousa 9)
¢) Anthocyanins
Ry
/ OH
HO O+ \
AN R,
R3
OH
Table 8: Anthocyanins isolated from Cornus species

Compound R; R, R3 Species Ref
Delphinidin-3-O-B-glucopyranoside OH OH OGlc controversa (42)
mas (23,41)
- . officinalis (41,42)

Delphinidin-3-O-f-galactopyranoside OH OH OGal alba (43)

controversa (42)

Delphinidin-3-O-B-rutinoside OH OH ORut alternifolia (41)

Delph|n|d|n-3-O-B-galactopyran05|de-3 -O- OGlc OH 0Gal alba (43)

B-glucopyranoside
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Delphinidin-3-O-B-galactopyranoside-3, 5 -

di-0-B-glucopyranoside OGlu OGlu  OGal alba (43)
- : florida (41)
Cyanidin-3-O-B-glucopyranoside OH H OGilc suecica (44)
kousa (41)
mas (23)
AR . officinalis (42)
Cyanidin-3-O-f-galactopyranoside OH H OGal controversa (42)
alba (43)
suecica (44)
Cyan|d|n-3-O-B-galactopyr_an05|de-3 -O-p- oGIc H 0Gal alba (43)
glucopyranoside
Cyanidin-3-(2-glucosylgalactopyranoside) OH H OGlcGal suecica (44)
mas (23,41)
Pelargonidin-3-O-B-glucopyranoside H H OGlc officinalis (41,42)
controversa (42)
d) Hydrolyzable Tannins
Table 9: Hydrolyzable tannins isolated from Cornus species
Compound R R, R; R4 Rs Species Ref
1-O-galloyl-B-D-glucose GA H H H H controversa (39)
1,6-di-O-galloyl-B-D-glucose GA H H H GA controversa (39)
1,2,3-tri-O-galloyl-B-D-glucose GA GA GA H H controversa (39)
1,2,6-tri-O-galloyl-B-D-glucose GA GA H H GA controversa (39)
3,4,6-tri-O-galloyl-B-D-glucose H H GA GA GA controversa (39)
1,2,3,6-tetra-O-galloyl-B-D-glucose GA GA GA H GA capitata (29)
1.2,3,4,6-penta-O-galloy}-B-D- GA GA GA GA GA capitata 29)
glucose
GA: Galloyl
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(@) \
OH

O

Table 10: Hydrolyzable tannins isolated from Cornus species

Compound R, R, Rs Species Ref
3,4,3'-tri-O-methylellagic acid Me Me Me kousa 9)
3,4-di-O-methylellagic acid Me Me H kousa 9)

2.1.3.2. Terpenic Compounds

a) Iridoids
COOR

HOWM

OGilc
OH

Table 11: Iridoids isolated from Cornus species

Compound R Species Ref
Monotropein H canadensis (45)
Galioside Me canadensis (45)
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OGlc
HO

Table 12: Iridoids isolated from Cornus species

Compound R, R, Species Ref
Geniposide H Me suecica (45)
Scandoside OH H canadensis (45)
Scandoside methyl ester OH Me canadensis (45)
o COOMe
R
o]
OGlc

Table 13: Iridoids isolated from Cornus species

Compound R Species Ref
. nuttallii (45)

Cornin H capitata (29)
Hastatoside OH nuttallii (45)
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Table 14: Iridoids isolated from Cornus species

Compound R: R, Species Ref
Morroniside H Glc officinalis (35,37)
7-O-methyl-morroniside Me Glc officinalis (35,37)
7-O-butyl-morroniside Me-C3H, Glc officinalis (21,35)
O O\
H
HO Mm—
@)
M H
e
OGilc
Table 15: Iridoids isolated from Cornus species
Compound Species Ref
Loganin officinalis (22)
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OGlc

Table 16: Iridoids isolated from Cornus species

Compound Species Ref

Cornuside officinalis (21)

20



b) Triterpenes

HO

‘e
)
2
Z
Z
7

Table 17: Triterpenes isolated from Cornus species

Compound Species Ref
kousa (34)

. . mas (23)
Ursolic acid florida (16)
officinalis (14)
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Table 18: Triterpenes isolated from Cornus species

Compound R, R, Rs Species Ref
Oleanolic acid H OH Me officinalis (21)
Maslinic acid OH OH Me kousa 9)
Arjunolic acid OH OH CH,OH kousa 9)
COOH
H =
RO -
% H
Z
Table 19: Triterpenes isolated from Cornus species
Compound R Species Ref
. . kousa (9)
Betulinic acid H florida (16)
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3-B-O-acetyl betulinic acid COCH; florida (16)
3-B-O-cis-coumaroyl betulinic acid c1s- florida (16)
coumaroyl
L trans- .
3-B-O-trans-coumaroy! betulinic acid florida (16)
coumaroyl
2.1.3.3. Steroidal Compounds
RO
Table 20: Steroidal compounds isolated from Cornus species
Compound R Species Ref
. officinalis (21)
B-sitosterol H florida (16)
Daucosterol Glc kousa 9)
2.1.3.4. Other Compounds
O COOH
O/\/\
Table 21: Other compounds isolated from Cornus species
Compound Species Ref
Butoxysuccinic acid officinalis (21)
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2.2. Laurocerasus Duhamel
2.2.1. Botanical Information
2.2.1.1. Rosaceae

Woody or herbaceous, sometimes armed. Leaves alternate, usually
stipulate, simple or compound, often with a toothed margin. Infloresence
diverse, in trees and shrubs often borne on spur shoots. Flowers hermaphrodite
or unisexual, actinomorphic, perigynous or epigynous. Sepals 4-5, free;
epicalyx present or absent. Petals 4-5, free or absent. Stamens 1-many. Ovary
superior to inferior, of 1-many carpels, the carpels only united in genera *
inferior ovary. Fruit with a dry or fleshy receptacle or hypanthium of diverse
form, bearing follicles, achene(s) or drupe or forming a pome. Seeds usually

without endosperm (46).
2.2.1.2. Laurocerasus species

Trees or shrubs. Leaves evergreen. Flowers in narrow leafless, axillary
racemes; sepals petals 5; ovary superior. Stamens 20, arranges in two whorls.

Fruit a dark purple or blackish, juicy drupe (46).
2.2.1.3. Laurocerasus officinalis Roem.

Shrub or small tree up to 6 m; annual shoots glabrous. Leaves oblong-
elliptic to oblong-obovate, up to 20 x 8 cm, remotely dentate or entire, dark
green and lustrous above, paler beneath, glabrous; petioles up to 15 mm,
channeled. Racemes compact, usually shorter than leaves, lacking leaves but
with some small bracts. Flowers white, pedicels up to 8 mm; hypanthium
campanulate with inflexed lobes; petals c. 4 mm. Drupes ovoid, c. 8 mm diam.

dark purple or black; stones smooth (46).

Flowering season: 4" — 6™ months

Habitat: Undergrowth in forests, mostly with Fagus and
Rhododendron

Altitude: 20-2000 m.

24



Distribution in Turkey: Regions of Marmara, Black Sea and
Southeastern Mediterranean
Worldwide distribution: Bulgaria, Central Europe, Western

Caucasia, Northern Iran.
2.2.1.4. Local names of Laurocerasus species
In Turkish: Taflan, karayemis, karamis, kattak, Laz kirazi, Laz 4zUmu (7).
In English: Cherry laurel
2.2.1.5. Traditional Usage of Laurocerasus Species

The fruits of L. officinalis are widely ingested as food in the Black Sea
region of Turkey. They are consumed as fresh fruits in local markets, and also
as dried, pickled, jam, marmalade or as fresh fruit juice (47). The fruits are also

quick—dried in oven before eating, and named as “sira” by local people (7).

In addition to the consumption as food, the fruits are also utilized in
Turkish folk medicine. They are employed against eczema, hemorhhoids and as

diuretic (47). Fresh fruits are also used to pass kidney stone (13).

The seeds are known to be used for the treatment of stomach ulcer and
against bronchitis (47). Besides, they are utilized against hyperglycemia. The

oven—dried seeds are powdered and eaten in the morning (13).

Fresh leaves are externally used against pain and high fever. Fresh
broad leaves are applied on the forehead, after being wilted over open fire (5).
The infusion prepared from leaves is known to have sedative effects. It is also

employed against cough and nausea (13).
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2.2.2. Bioactivity Studies on Laurocerasus Species
2.2.2.1. Studies on Antiinflammatory Activity

Erdemoglu et al. investigated the anti-inflammatory and antinociceptive
activity of both ethanolic and aqueous extracts of L. officinalis leaves in a
preliminary screening study. They reported that the ethanolic extract exerted
significant activity against carrageenan—induced paw edema in mice, whereas
the aqueous extract was reported to be in effective. Moreover, p-
benzoquinone—induced abdominal constriction test revealed that the ethanolic

extract had significantly high antinociceptive activity (48).

In another study about the same activities, Akkol et al. stated that the
ethanolic extract of L. officinalis leaves was shown to possess significant anti-
inflammatory activity without causing any gastric damage. The bioassay—guided
fractionation studies led to the isolation of three phenolic molecules as the
active constituents such as 2-O-B-D-glucopyranosyl-2-hydroxyphenyl-acetic
acid, kaempferol-3-O-3-D-xylopyranosyl-O-B-D-glucopyranoside and (+)-
cathecin (49).

2.2.2.2. Studies on Neuroprotective Activity

Orhan and Akkol studied the neuroprotective effects of both the leaves
and fruits of L. officinalis through cholinesterase inhibitory activity against
acetylcholinesterase and butrylcholinesterase. Their results indicated that the
methanolic extract of leaves had significant activity in terms of inhibition of both

cholinesterase enzymes (50).
2.2.2.3. Studies on Antioxidant Activity

Kolayll et al. studied the comparative antioxidant activity of L. officinalis
fruits with different solvents i.e. water, 70% ethanol and acetone. The aqueous
extract showed the best radical scavenging activity In addition to the antioxidant
activity, they calculated the amount of some trace elements such as
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manganese, iron, zinc and copper. The results postulated that the amounts of
all these elements were below dietary recommended allowance (51).

In another study by Orhan et al., the polyphenolic extract prepared from

the seeds exerted good superoxide radical scavenging activity (52).
2.2.3. Compounds Isolated from Laurocerasus Species

In a previously mentioned bioassay—guided fractionation study by Akkol
et al., three phenolic compounds were isolated: 2-O-B-D-glucopyranosyl-2-
hydroxyphenyl-acetic acid, kaempferol-3-O-B-D-xylopyranosyl-O-3-D-

glucopyranoside and (+)-cathecin (49).

In another study two kaempferol glycosides from the chloroform fraction
of the hydroalcoholic extract of L. officinalis; kaempferol-3-O-(6-O-a-D-
xylofuranosyl- B-D-galactopyranoside and kaempferol-3-O-(6-O-p-D-

glucofuranosyl- B-D-galactopyranoside (53).

Weinges et al. isolated benzyl-B-D-primveroside from the green fruits of
L. officinalis (54).

Ayaz et al. postulated that the fruits contain vanillic acid, procatechuic
acid, p-hydroxybenzoic acid, caffeic acid and p-coumaric acid as phenolic acid.
The same study revealed that they contain palmitic acid, stearic acid, oleic acid
and linoleic acid (55).
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2.3. Diospyros L.
2.3.1. Botanical Information
2.3.1.1 Ebenaceae

Trees or shrubs. Leaves alternate, subentire, exstipulate. Flowers usually
unisexual, dioecious. Calyx 3-6-lobed, hypogynous, persistent and often
accrescent in fruit. Corolla gamopetalous, Calyx 3—6-lobed, imbricate in bud.
Male flowers: stamens 4—-many, hypogynous or attached to base of corolla.
Female flowers with or without staminoides. Ovary superior, 3— or more locular;

placentation axile, ovules 1-2 in each loculus. Fruit a berry (56).
2.3.1.2. Diospyros species

Trees or shrubs. Leaves deciduous (in Turkey), alternate, entire. Buds
ovoid with 2—-3 outer scales. Flowers dioecious, yellowish, reddish or whitish;
female flowers usually solitary, male flowers in few to many—flowered axillary
cymes. Calyx and corolla (in Turkey) usually 4—-lobed; stamens (in male) 4—
many; staminodes present in female flowers. Ovary 4—12—locular. Berry large

and juicy with 1-10 large flattened seeds; calyx persistent and accrescent (56).

The genus Diospyros is represented by 2 species in “Flora of Turkey and
The East Aegean Islands”. Dichotomous key for the determination of these

species is as follows:

1. Fruit globose, c. 2 cm diam.; male flowers c. 5 mm; young shoots
pubescent to glabrescent 1. lotus
1. Fruit ovoid to depressed—globose, 5-8 cm diam.; male flowers c. 10

mm; young shoots persistently brownish—pubescent 2. mas

2.3.1.3. Diospyros kaki L.
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Decidous tree to 15 m, with rounded crown. Bark scaly on old trunk.
Young shoots and buds conspicuously pubescent. Leaves entire, elliptic—ovate,
oblong—ovate or obovate, to 18 x 9 cm, usually broadly cuneateat base, dark
green, glabrous and shining above, lighter green and pubescent. Flowers
yellowish—white; male flowers in threes, c. 10 mm, with 16—24 stamens; female
flowers 12—20 mm. Fruit ovoid to deprresed—globose, 5—-8 cm diam. with 4 or 8

furrows, orange—red to bright yellow (56).

Flowering season: 6" month.

Habitat: Cultivated in gardens and orchards (in Turkey)
Distribution in Turkey: Cultivated in throughout N. Turkey for its
edible fruit and ornament; less commonly grown in S. Anatolia.

Worldwide distribution: Native in China and Japan.
2.3.1.4. Local names of Diospyros species

In Turkish: Trabzon hurmasi, kara hurma, hirnik, hirniyh, hurma erigi,

kara yemis, Yahudi hurmasi, amme, Japon hurmasi (7).
In English: Japanese persimmon, persimmon.
2.3.1.5. Traditional usage of Diosypros kaki L.

The fresh or dried leaves of D. kaki are used in the treatment of
hypertension, angina and internal haemorrhage in China.
They are also utilized in the treatment of resistant hiccups in traditional Chinese
medicine, and have been used traditionally in Korea and Japan to promote

maternal health (57,58).

Both fruits and leaves are used to treat coughs, hypertension and
dyspnea in Japanese folk medicine. They are also used for the same purpose in
Malaysia (57).
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2.3.2. Bioactivity Studies on Diospyros species

A vast number of studies was performed in the literature about the
biological activities of Diospyros species. A wide review about the
pharmacology and chemotaxonomy of Diospyros genus by Mallavadhani et al.
gives detailed information (59). Here, we concentrated on the recent studies
about D. kaki.

Matsushita et al. studied the anticancer and cytotoxic effects of D. kaki
heartwood and isolated active constituents from the methanolic extract (60).
Chen et al. also isolated cytotoxic compounds from the leaf extract of D. kaki
(58).

Kawase et al. investigated the cytotoxic activity, multidrug resistance
reversal activity, anti-human immunodeficiency virus activity and anti-
Helicobacter pylori activity. They reported that acetone fractions exerted potent
cytotoxic activity, whereas none of the tested fractions were effective for anti-H.
pylori and anti-human immunodeficiency virus activities. They also stated that
both hexane and methanolic fractions showed a remarkable multidrug

resistance reversal activity (57).

Another study on the anticancer activity by Jo et al. demonstrated that
methanolic extracts of D. kaki calyx had cytotoxic effects against various human

cancer cells (61).

Sanchetti et al. found that the methanolic extract of D. kaki leaves had

potent a-glucosidase inhibitory effect besides its antioxidant effects (62).
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2.3.3. Compounds isolated from Diospyros species

As the same review mentioned before gives detailed information about
the compounds isolated from Diospyros species (59), recent compounds from

D. kaki are given here.

Matsushita et al. isolated 4,8-dihydroxy-5-methoxy-2-naphthaldehyde
from the blackened heartwood of D. kaki (60). Chen et al. reported the isolation
of a new biphenyl derivative, 4,5-dimethoxy-3-3-D-glucopyranosyloxy-4-
hydroxy-biphenyl, along with vitexin and isorhamnetin (58). In another study by
Chen et al., 4,6-dihydroxy-2-glucopyranosylbenzophenone, 4,4-dihydroxy
truxillic acid, myricetin, annulatin, hyperoside, isoquercetin, rutin, quercetin and
kaempferol were isolated from the leaves of D. kaki (63). Ohguchi et al. also

isolated isoquercitrin and hyperoside from the peel extract of D. kaki (64)

Thuong et al. reported the isolation of two new ursane type triterpenoids
from the methanolic leaf extract: 3,19-dihydroxyurs-12,20(30)-dien-24,28-dioic
acid and 3,19-dihydroxyurs-12-en-24,28-dioic acid (65).
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2.4. OXIDATIVE STRESS
2.4.1. Oxygen and Oxidative Stress

Oxygen is the commonest element in the Earth’s crust, and composes
21% of the atmosphere (66). It is also found in the seas, lakes, rivers and other
bodies of water. Except for some anaerobic species, all organisms require

molecular O, as an electron acceptor for efficient production of energy (66,67).

When living organisms first appeared on Earth, they were all anaerobes
because there was a very little amount of oxygen. Over 2.2 billion years ago,
cyanobacteria evolved to make photosynthesis, leading to the appearance of
oxygen in significant amounts in the Earth’s atmosphere. As the O, content
rose, many primitive species became extinct. Some organisms followed the
evolutionary path of adapting to rising atmospheric O, by restricting themselves
to environments into which the O, did not penetrate. Other organisms followed a
different path and began to evolve defense systems to be protected against O,
toxicity (66). The toxicity of oxygen to the living organism was first described by
Joseph Priestley in 1775. He compared its effect on the body as similar to that
of burning a candle; as a candle burns much faster in oxygen than in air, the

body becomes quickly exhausted in this pure kind of air (68).

Although the poisonous side effects of oxygen were known for a long
time, the causes of them remained obscure untii mid 19’s. The earliest
suggestion was that O, directly inhibits essential enzymes (66). However, it was
later understood that most enzymes in aerobes are unaffected by O, In 1954,
Daniel Gilbert and Rebecca Gersham showed the similarities between the
effects of oxygen and those of ionizing radiation and proposed that the toxicity
of oxygen is due to partially reduced forms of oxygen, in other words reactive
oxygen species (ROS) leading to oxidative stress (66,68,69).
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Reactive oxygen species (ROS), as well as reactive nitrogen species
(RNS) are products of normal cellular metabolism. They are both well
recognized for playing a dual role as both deleterious and beneficial species,
since they can be either harmful or beneficial to living systems (66). The
beneficial effects of ROS occur at low/moderate concentrations and involve
physiological roles in cellular responses to noxia, as for example in defense
against infectious agents and in the function of a number of cellular signaling
systems. One further beneficial example of ROS at low/moderate

concentrations is the induction of a mitogenic response (69).

The detrimental effect of ROS causing potential biological damage is
termed oxidative stress and nitrosative stress. This occurs in biological systems
when there is an overproduction of ROS/RNS on one side and a deficiency of
enzymatic and non-enzymatic defense systems on the other. Briefly, oxidative
stress arises from the metabolic reactions that use oxygen and represents a
disturbance in the balance of oxidant/antioxidant reactions in living organisms
(69).

2.4.2. Free Radicals

Free radicals can be defined as molecules or molecular fragments,
capable of independent existence (the reason for “free"), that contain one or
more unpaired electrons in atomic or molecular orbitals (66,69). For this reason
they promote electron transfers, such as oxidation and reduction (70). The
presence of one or more unpaired electrons usually causes free radicals to be
attracted to a magnetic field and makes them highly reactive (66,71). As
Halliwell & Gutteridge states “All oxygen radicals are ROS, but not all ROS are

oxygen radicals.” (66).

Free radicals can be formed by losing a single electron from a non—
radical atom or molecule or by gaining one (66). Another pathway for radical
formation is the breaking of a covalent bond. If one electron remains on one
atom, and the other electron remains on the other atom, this process is known

as homolytic fission. The cleavage of these covalent bonds is an endothermic
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reaction, and requires heat or electromagnetic radiation (71). Homolytic fission
can be described as below;

(Assuming that A and B atoms are covalently bonded)
A:B— A +B

In heterolytic fission, the opposite of homolytic fission, one atom receives both

electrons when a covalent bond breaks. It can be described as below;
A:B—> A +B"

The atom “A” receives both electrons and therefore gains negative charge,
whereas the atom “B” is left with a positive charge. But it should be expressed
that neither of these species is a free radical, and heterolytic fission yields only

charged ions (66).
2.4.2.1. Reaction mechanisms of free radicals (66):

A) In the case of meeting of two radicals, they form a covalent bond and join
their unpaired electrons. As a result, they lose their radical properties.

H +H — H,

B) But, most biological molecules are non-radicals. When a radical meets a

non-radical, a chain of reactions may occur.

1. A radical may add on to another molecule. The resulting product still

has an unpaired electron, and behaves as a radical.
A +B— [A-B]

2. A radical may donate a single electron to a non-radical. The radical

acts as a reducing agent, and the recipient has an unpaired electron.

A +B—> A"+ B~
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3. A radical may take a single electron from a non-radical. The radical
acts as an oxidizing agent, and again the recipient has an unpaired electron.

A+B—> A +B”
4. A radical may abstract a hydrogen atom from a C—H bond. As H' has

only one electron, an unpaired electron must be left on the carbon.
(C-H)+OH —> C +H,0

This reaction may lead to the propagation of the chain reaction of lipid

peroxidation.
2.4.2.2. Sources of ROS

Oxidation and formation of reactive oxygen species (ROS) is an
inevitable consequence in human aerobic mechanism. The cell is exposed to a

large variety of endogenous and exogenous sources (68):
A) Endogenous sources:

1. Mitochondrial electron transport chain:

Endogenous formation of ROS is a continuous process during the life
span of every cell in the organism (68). The mitochondrial electron transport
chain has been long known to be capable of generating ROS (72). This chain is
the main source of ATP in the mammalian cell and therefore essential for life
(69). As a consequence of normal aerobic respiration (73), the reduction of
oxygen to water in the mitochondria for ATP production occurs through the

donation of 4 electrons to oxygen to produce water (68), such as:
O, + 4e + 4H" —* 2H,0

During this process, several reduced oxygen derivatives are formed
(73,74). In many cases, there is “leakage” of ROS from mitochondria into the
cellular environment (74). Moreover, the production of ROS by mitochondria

involves NADH-coenzyme Q (complex I), succinate-coenzyme Q (complex II),
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QH. — cytochrome c reductases (complex Ill). Although, most of the electron
transfer is tightly coupled, a small amount of leakage occurs, as mentioned
above. This leakage primarily occurs from the NADH-coenzyme Q reductase
complex, from the autooxidation of coenzyme Q, itself (72,75). About 1 to 3% of

the oxygen reduced in the mitochondria may form superoxide radical (66).
2. Enzymes:

Enzymes comprise another important source of endogenous ROS
production (68). There are 2 different mechanisms of ROS production by
enzymes such as: designated production of ROS by certain enzymes, and
production of ROS as a by-product of normal enzyme activity (68).
Phagocytosis can be given as an example of the former mechanism.
Phagocytic cells destroy bacteria or virus-infected cells with “oxidative burst” of
ROS. This reaction is catalyzed by a plasma membrane-bound NADPH oxidase
with the extracellular production of large amounts of ROS (68,72,73).

In addition, there is a large variety of enzymes that can cause oxidation,
and formation of free radicals. The most well known of these enzymes is
xanthine oxidase. This enzyme can directly cause the reduction of molecular
oxygen to superoxide (72). In fact, xanthine oxidase catalyzes the oxidation of
hypoxanthine and xanthine to uric acid, and the formation of ROS is a by-
product (76).

Other oxidases such as diamine oxidase, dopamine-B-hydroxylase, D-
amino acid oxidase, tryptophan dioxygenase, and fatty acyl-CoA oxidase also
can generate ROS (66,67,72,77).

3. Auto-oxidation reactions:

Several numbers of important biological molecules are oxidized in the
presence of oxygen (O;) and yield superoxide radical (O,"). These molecules

are adrenalin, noradrenalin, L-DOPA (dihydroxyphenylalanine), dopamine,
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glyceraldehyde, reduced form of flavin mononucleotide (FMNH>), reduced form

of flavin adenine dinucleotide (FADH,) and thiol compounds such as cysteine.
Since O, is poorly reactive, the rate of the auto-oxidation reactions is

accelerated by the addition of transition metal ions. In other words, auto-

oxidation reactions are catalyzed by metal ions (66).
4. Haem proteins:

Iron is in the Fe®" state in the haem of haemoglobin and myglobin, and
remains in this state until the binding of O,. After that, some electron

delocalization takes place.
HAEM — Fe** — O, «—> HAEM - Fe(lll) - Oy~

There is an intermediate bonding between Fe?* bonded to O,, and Fe(lll)

bonded to O, . This causes the release of O, .
HAEM — Fe*" - O, —» Oy~ + HAEM — Fe(lll)

It has been estimated that about 3% of the haemoglobin present in
human erythrocytes undergoes oxidation every day. Haemoglobin and
myoglobin oxidation is accelerated by nitrite ions or by certain transition metal

ions, especially copper (66,78).
5. Endoplasmic reticulum:

The endoplasmic reticulum (ER) of many animal and plant tissues
contains cytochromes (CYPs), basically known as cytochromes P450. The
name P450 was given because reduced cytochromes form a complex with
carbon monoxide and this complex absorbs light strongly at 450 nm. The CYPs
catalyse oxidation of the substrates by O,. One atom of oxygen binds the
substrate and the other atom forms water, such a reaction known as mono-
oxygenase or mixed function-oxidase. CYPs require a reducing agent (RHy)
and they utilize NADPH for this purpose. The most important mechanism in the

formation of ROS from chemical agents is the activation of xenobiotics by the
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microsomal CYP450 system. This system produces ROS by adding (reduction)
or removing (oxidation) one electron from target molecules (66,67,79).

B) Exogenous Sources:

a) Irradiation: Exposure of living organisms to either ionizing or
nonionizing irradiation is a major exogenous source of ROS (48,60). Exposure
of the cell to y-radiation results in the production of a variety of ROS from
ionization of the intracellular water. Even exposure to non—ionizing irradiation

can indirectly produce a variety of ROS (68).

b) Air pollutants: Air pollutants such as car exhaust, cigarette smoke,
and industrial wastes are a major class of exogenous sources of ROS which

can be formed by skin interaction or by inhalation (68).

c) Drugs: Narcotic drugs and anesthetizing gases are considered major
contributors of ROS formation. Also a large number of xenobiotics such as
toxins, pesticides, and herbicides, chemicals such as mustard gas, carbon
tetrachloride and alcohol, including alcoholic beverages also contribute to ROS

production (68).

d) Food: A large portion of the daily consumed food is oxidized and
contains different kinds of oxidants such as peroxides, aldehydes, oxidized fatty
acids, and transition metals (68).

2.4.2.3. Superoxide radical (O2"):

Superoxide radical is formed by the addition of one atom to the ground
state O, molecule (66,67). It is formed almost in all aerobic cells by “leakage” of
electrons onto O, from various components of the cellular electron transport
chains (81). The production of superoxide occurs mostly within the mitochondria
of the cell. During energy transduction, a small number of electrons “leak” to
oxygen prematurely, forming superoxide (69). Another pathway for superoxide

formation is the respiratory burst of phagocytic cells such as neutrophils and
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macrophages (81). The role of haem proteins in superoxide formation is

mentioned above.

Superoxide radical has a very short half-life, only in millisecond range. It
is a weak oxidant, but rather a potent reductant. Although it is well known that it
plays a major role in the toxicity of oxygen molecule, superoxide radical, itself,
does not induce large cell damage due to its weak oxidant effect (67,82). It may
react with nucleophilic thiol (-SH) groups, resulting in the depletion of reduced
glutathione (GSH). This causes further oxidative stress. If it reacts with —SH
groups of enzymes, this may induce its inactivation (82). Much of the damage
caused by superoxide radical is caused by commencing a chain of reactions
which cause remarkable oxidative stress. In one of these reactions, known as
Haber-Weiss reaction, superoxide radical reacts with hydrogen peroxide in the
presence of iron. Despite the fact that iron regulation mechanism of the body
ensures that there is no free intracellular iron, under stress conditions, an
excess of superoxide radical releases “free iron” from iron containing

compounds. This reaction yields an extremely reactive radical, hydroxyl radical

(OH) (66,67,69) such as:
O, +H,O, —> OH + OH + O,

As mentioned before, O," has a very limited half-life, and it is readily

converted to O, and H,O; in a process, called dismutation reaction.
20, +2H" —> O, + H0;

Although this reaction can occur spontaneously in mild acidic conditions, it is

also catalyzed by the enzyme, superoxide dismutase (66,67,81).

2.4.2.4. Hydrogen peroxide (H20,):

H,0O, has no unpaired electrons, so it is not chemically a radical. But it is

considered as ROS. It can be formed either directly with the reduction of O, or

indirectly as a result of the dismutation reaction from O, (67,68,82—-84).
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O,” + 2 H" + e—» H,0, (direct formation)
20, +2H" — 0, + H,0, (dismutation)

Although H,0, has limited reactivity (67,84), it can cause damage to the
cell at a relatively low concentration (10 uM) (68). It is freely soluble in aqueous
media, therefore it can travel through the cell compartments, and easily
penetrate biological membranes (68,84). H,O, exerts its deleterious effect
directly with regard to its oxidizing property, or indirectly by serving as a source
for more deleterious ROS (i.e. OH', HOCI) (68). H,O, can oxidize the thiol
groups of proteins, and it can cause chain-breakage in DNA (67,68). High
concentrations of H,O, can inactivate one of the glycolytic pathway enzymes,
glyceraldehyde-3-phosphate dehydrogenase in mammalian cells (85).

As stated earlier, H,O, can cross biological membranes. It reacts with
cellular Fe** and forms a very reactive and extremely oxidant radical, OH' (66).

This reaction is known as Fenton reaction, which is discussed later. Besides, it

also yields OH by reacting with O,  (Haber-Weiss Reaction) (81,86).

Accordingly, the formation of OH" lies in the origin of toxicity mechanism of
H.O,. Simultaneous exposure to H,O, and UV radiation increases the influence,
because UV light induces the homolytic fission of H,O, to OH. Enzymes

catalase and glutathione peroxidase avoids the damage caused by H,O, (82).
2.4.2.5. Hydroxyl radical (OH):

The hydroxyl radical is the neutral forms of the hydroxide ion (69). It is
the most reactive radical and the most potent oxidant in biological systems
(68,82), such that it can react with almost every type of biological molecules in
living cell (86). It has a very short half-life of approximately 10 seconds (87).
Thus, it reacts close to its site of formation (69). Therefore, the type of damage
depends on the site of formation such as; production of OH' close to DNA could
lead to modification of purines or pyrimidines or to strand breakage (88),

whereas production of OH’ close to an enzyme molecule present in excess in

the cell, such as lactate dehydrogenase, might have no biological consequence
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(81). There are three main types of chemical reactions that are induced by
hydroxyl radicals, such as (86):

= Hydrogen atom abstraction, e.g. for methanol or lipid peroxidation:

CH30H + OH" — H,0 + 'CH,OH

s Addition, e.g. it has the ability to add on to the aromatic purine and
pyrimidine bases on the structure of DNA.

= Electron transfer, e.g. with CI™ ion:
CI"+ OH —> Cl + OH"

OH' radical has such a massive reactivity that, if it is formed in living

systems, it has the capability of reacting immediately with every biological
molecule which is in its vicinity, and producing secondary radicals of variable
reactivity. For example, it reacts with carbonate ion (CO3;%), and causes the
formation of carbonate radical (CO3™ ) (66,67,86).

There are several reactions that OH' can be generated, such as:

1. Since water is one of the major constituents of living cells, exposure to

high energy radiation such as X-rays or y—rays induces homolytic fission of

water, and subsequent formation of OH' (66).

X-RAY

H2O,Rapiation> OH + H (67)

It is also known that ultrasonication of aqueous solutions also produces

OH' (66,67).

2. OH can also be generated by heat or ionizing radiation-induced
homolytic fission of O—O bond in H,O, (66,86).

H,0, ——— 2 OH' (67)
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3. H,0; reacts with Fe?* and generates OH'. The same reaction is valid

for copper (Cu®). This interaction was first described by Fenton in 1894, and

known as Fenton reaction (68,86).

Fe?* + H,0,— FeOH®*" (or FeO*") —> Fe*" + OH' + OH™ (85)
Cu*+ H,O, — Cu® OH + OH~ (66)

4. Another mechanism for OH' production is the reaction of O, with

H.O,. The reaction is known as Haber—-Weiss reaction and named after Fritz
Haber and Joseph Joshua Weiss, who described the reaction for the first time in
1932 (89). It is a two-step process and catalyzed in the presence of iron or

copper ions.
1%'step: O, + Fe3* —> 0, + Fe?"
2" step: Fe?" + H,0, — Fe®" + OH' + OH™ (Fenton reaction)
Net reaction: O, + H,O, — OH + OH + O3

5. Hypochlorous acid (HOCI) also generates OH" by reacting with Oy~
(66).

6. Hydroxyl radicals can also be generated from ozone and peroxynitrite
radical (66).

2.4.2.6. Hypochlorous acid (HOCI):

Although HOCI is not a radical, it is considered as ROS, because it is a

powerful two-electron oxidizing agent (66,90). It is generated by the reaction of
chloride ion (CI") with H,O,, which is produced by the dismutation of O, (90).
This reaction generally occurs in phagocytic cells (67) and catalyzed by the

enzyme myeloperoxidase (66), such as:

H,0, + CI~ — HOCI + OH" (67)
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It is a very strong antibacterial agent such that it damages electron
transport chain components and the ATP synthase, and subsequently inhibits
ATP synthesis in bacteria (91). HOCI readily oxidizes thiols, ascorbates,
NADPH and DNA. It also causes the chlorination of DNA bases, especially
pyrimidines (92). Another target for HOCI damage is proteins. It directly causes
side-chain damage, fragmentation and aggregation of proteins by multiple
reactions. It also has the capability of crossing cellular membranes, and causes
damage to membrane proteins and lipids on the passage (66).

As stated above, HOCI produces OH' by reacting with O, (90). It also
takes part in formation of singlet O, (66). It attacks lipids by adding across
double bonds in unsaturated fatty acid residues in phospholipids (66). GSH and
N-acetylcysteine protects the human body from the deleterious effects of HOCI
(67).

2.4.2.7. Singlet oxygen (*0.):

Singlet O, is the more reactive form of molecular oxygen (67). It is
generated by a mechanism such as: One of the electrons of the molecular
oxygen gains energy and passes to an orbital which is in the opposite of its own
spin direction (86). This situation removes the spin restriction that slows the
reaction of O, with non—radicals. Singlet oxygens are much more oxidizing than
ground state O, (66). They have two states: delta and sigma. Sigma state has
energy of 37.5 kcal, while delta state has 22.4 kcal. Because the sigma state is
more reactive, it rapidly decoys to the delta state. Therefore, only the delta state
is considered in biological systems. It should be noted that delta state O is not
a free radical (66,67,79,86).

Singlet oxygen is often generated by photosensitization reactions. If
several biological pigments such as chlorophylls a and b, retinal, bilirubin,
flavins (FAD, FMN) or porphyrins are illuminated in the presence of O, with
light of the correct wavelength, they absorb it and the energy raises the
molecule into an excited state. This excitation energy can be transferred to an

adjacent O, converting it to delta state.
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By this way, flavins lose their orange colors, and chlorophylls lose their
green colors. Singlet oxygen causes damage in the mitochondria, which is rich
with haem proteins and other proteins containing flavins. This may cause the
inhibition of catalase enzyme, which contains haem proteins. In case of
continuous and consistent exposure of retina by light in certain wavelength, the
retinal pigment found in retina may induce the generation of 'O,, causing

damage in the eye (66,67).

2.3.3. Lipid peroxidation:

Polyunsaturated fatty acids (PUFAs) are found in the entire supporting
system of cells, including cell membranes, endoplasmic reticulum, and
mitochondria (66,82,93). They are one of the major components of the
phospholipids found in mammalian cell membrane. Some common, naturally
occurring PUFAs (in the order of number of carbon atoms) are oleic acid,
linoleic acid, a-linolenic acid, arachidonic acid, and eicosapentaneoic acid (66).
The effects of OH on the fatty acid component of membrane phospholipids
have been suggested to be the essential event in cellular oxidative damage
(82).

Lipid peroxidation is the free radical oxidation of PUFAs in biological

systems and it is composed of three stages: initiation, propagation, and
termination (84). The process is initiated by the attack of OH" on the fatty acyl

side chain of the membrane phospholipids (LH). It abstracts an allylic hydrogen
atom from a methylene carbon in the side chain and generates a lipid radical
(L). This step is called initiation, such as:

LH+OH —>» L +H,O (66,67,82,84,85,93)

OH' can also attack extrinsic carbohydrates and proteins like cell surface

glycoproteins and phospholipids. Nitrogen dioxide can initiate similar reactions,

however HOCI is more likely to chlorinate lipids by addition across double
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bonds (66). O, is not reactive enough to abstract hydrogen atom from lipids,

besides it cannot readily cross biological membranes (84,85).

As the number of the double bonds increase in a fatty acid side chain,
the removal of a hydrogen atom becomes easier. This is the reason why PUFAs
are more susceptible to lipid peroxidation than monounsaturated or saturated
fatty acids (85).

The hydrogen atom possesses a single electron and its removal leaves
behind an unpaired electron on the carbon atom to which it was originally
attached. The resulting carbon—centered lipid radicals undergo molecular
rearrangement to form a more stable conjugated diene configuration (82
84,85) such as:

L +L —> L-L

These conjugated dienes react with O, in aerobic medium to form
peroxyl radicals (LOO"). Peroxyl radicals have the ability to combine with each
other or they can attack membrane proteins, but they are also capable of
abstracting hydrogen from adjacent fatty acid side chains and so propagating
the chain reactions of lipid peroxidation. This step is called propagation. This
single initiation event can cause the conversion of hundreds of fatty acid side
chains into lipid peroxides (84,85,94). The length of the propagation chain
depends on the lipid-protein ratio in a membrane, the fatty acid composition, the
oxygen concentration and the presence of chain-breaking antioxidants within

the membrane (85).

2.4.3.1. The role of transition metals and lipid peroxidation:

As mentioned before, Fe?* takes part in the formation of OH" in Fenton
and Haber-Weiss reactions. Therefore, addition of Fe* to a peroxide—free
unsaturated lipid in the presence of O, initiates lipid peroxidation via OH
formation. This resulting lipid peroxidation can be inhibited by H,O.,—removing

enzymes, iron chelating agents, or hydroxyl radical scavengers (66,82,84).
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Pure lipid radicals are usually stable at body temperature, but they are
readily decomposed in the presence of transition metals (i.e. iron or copper). In
this way, Fe®" or its chelates react with lipid peroxides in a similar way to their
reaction with H,O,, splitting O—O bond. This causes the generation of alkoxyl

radical (RO, such as:
ROOH + Fe** — Fe ** + OH™ + RO (66)
2.4.3.2. The Consequences of Lipid Peroxidation:

The occurrence of lipid peroxidation in biological membranes results in
the impairment of normal membrane functioning, changes in fluidity, damage
membrane proteins, inactivation of membrane-bound enzymes and ion-
channels, and increased permeability to ions such as Ca®* (66,85). Rises in
Ca”" induced by oxidative stress can activate phospholipase A,, which causes
the release of arachidonic acid from membrane phospholipids. The freed
arachidonic acid can undergo lipid peroxidation and triggers the stimulation of

eicosanoid system, which is also linked to lipid peroxidation.

Continued oxidation of fatty acid side chains and their further
fragmentation eventually leads to the loss of membrane integrity. For instance,
when lysosomal membranes are ruptured, hydrolytic enzymes are spilled into
the rest of the cell. Peroxidation of erythrocyte membranes results in the losing
of their ability to change shape and squeeze through the smallest capillaries.
Loss of viability of spermatozoa on prolonged incubation at 37 °C can initiate
lipid peroxidation, and the loss of germinating ability of seeds stored under
damp, warm conditions. Besides, damage to endoplasmic reticulum or Golgi
apparatus by peroxidation induces the decrease in the capability of cells to

synthesize and export proteins, as happens in CCl, toxicity.

Peroxyl and alkoxyl radicals, aldehydes and singlet O, can damage
receptors, enzymes such as glucose 6-phosphatase, the Ca?*-ATPase of the
endoplasmic reticulum, the Na*, K*-ATPase, and K* channels. Since voltage-

regulated K* channels take part in generation of electrical activity in nerve
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tissues and heart, damage to them can cause irregularities in heart beat, and
death of neurons. Matrix enzymes and the constituents of electron-transport
chain can be damaged within mitochondria. Lipid peroxidation in foods can
change the taste, alter the texture of food proteins and destroy essential amino
acids, which is a common problem in the storage of marine food
(66,67,84,85,95).

2.4.3.3. By-products of Lipid Peroxidation

Isoprostanes: They are important products of lipid peroxidation with a
prostaglandin-like structure. They are formed from PUFAs with at least three
double bonds, including linolenic acid and arachidonic acid (66). They are
produced in humans in vivo by a non—cyclooxygenase free—radical catalyzed
mechanism involving peroxidation of PUFAs (95). Their formation involves the
formation of positional peroxyl radical PUFA isomers by the endocyclization of
the peroxyl radical followed by a further oxygen attack (95,96). Increased
oxidative stress in the case of multiple human diseases or exposure to a wide

range of toxins induces an increase in the formation of isoprostanes (66).

Decomposition products from lipid peroxides: Decomposition of lipid
peroxides by metal ions or by heating results in the generation of a wide variety
of products, including epoxides, hexanal, trans, trans-2,4-decadienal, ketones
and hydrocarbons. Cleavage of aldehyde, hydrocarbon or other fragments from
peroxidized lipids still leaves an oxidized fragment attached to the main lipid by

an ester bond.

Ethane and pentane: Transition metal ions, especially iron and
copper, and haem proteins can cause hydrocarbon formation from
peroxides. In the case of reaction of Fe** with a hydroperoxide on the
fifth carbon from the methyl end of a PUFA (linoleic or arachidonic acid),

pentane can be generated (66).
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Ethane and ethylene gases are produced by B-cleavage from
linolenic acid. Formation of these gases is used in the estimation of lipid
peroxidation rates in vivo (66,97).

Malondialdehyde (MDA): It arises from the peroxidation of
PUFAs with more than two double bonds, such as linolenic, arachidonic
or docosahexanoic acids. It exists in various forms, depending on the pH,
i.e. at physiological pH, free MDA exists as an enolate anion which has
low reactivity toward most amino groups. As pH declines, reactivity
increases and proteins can be attacked by MDA, causing in the
modification of several residues and formation of intra— and inter—
molecular cross—links. MDA can also react with DNA bases (preferably
guanine) and can induce mutagenic lesions. MDA is rapidly metabolized
in mammalian tissues. Aldehyde dehydrogenases oxidize it to malonic
semialdehyde, which decarboxylates to acetaldehyde, in turn oxidized by

aldehyde dehydrogenases to acetate (66).

4-Hydroxy-2-trans-nonenal (HNE): It is generated during the
peroxidation of linoleic and arachidonic acids. It is one of the several
unsaturated aldehydes formed during lipid peroxidation. These
aldehydes have the ability to react with —SH groups at physiological pH.
Therefore, -SH groups on proteins as well as amino groups on DNA
bases and phospholipids can react with HNE. When it is produced in
vivo, it readily reacts with proteins and other biomolecules containing
—NH; or —SH groups (66).

2.4.4. Protein Oxidation

Proteins are also major constituents of membranes and they are

considered to be possible targets for ROS attack (68). Protein oxidation results

in the malfunctioning of receptors, enzymes, antibodies, signal transduction and

transport proteins. The protein damage caused by oxidation can lead to

secondary damage to other biologically important molecules by raising the

intracellular Ca®" levels and activating nucleases. Increases in the amount of
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oxidized proteins may be associated with age-related losses of some
biochemical and physiological functions, and may also reflect unpaired damage
to DNA. When DNA repair enzymes are damaged, oxidative DNA damage
levels and mutation frequency are raised (66,68,72,98). Oxidized proteins are
generally recognized as “antigens” by the immune system, triggering antibody

formation (99), and they are more susceptible to proteolysis (72).

Protein damage can occur by direct attack of ROS/RNS, or by indirect (or
secondary) damage involving the attack by by-products of lipid peroxidation
such as MDA and HNE. Another mechanism of protein damage is glycation
(66). These damages can cause changes in tertiary structure, degradation and
fragmentation (68,98). The consequences of protein damage as a response
mechanism are loss of enzyme activity, altered cellular functions such as
energy production, interference with the creation of membrane potentials, and
changes in the type and level of cellular proteins (68).

Among the several ROS/RNS, OH’, RO’ , reactive nitrogen and halogen
species predominantly cause protein damage. The attack of these species (e.qg.
peroxynitrite, HOCI, HOBr, etc.) leads to the production of 3-nitro-, bromo-, and
chloro- tyrosines. 3-nitrotyrosine is the major marker for oxidative protein

damage. Another result of the damage is the nitration of phenylalanine and
tryptophan. Attack of OH" or singlet O, upon proteins generates a wide range of
end-products, such as ortho-tyrosine, meta-tyrosine, DOPA, hydroxyproline,
glutamyl semialdehyde, etc. OH can also abstract H from peptide bonds. On

the contrary, H,O, or O, generally does not have direct effect on proteins at
physiological levels. However, H,O, is capable of attacking easily-accessible —
SH groups (66,68,98).

First wave of OH" attack generates free radicals that are in combination
with O to give peroxyl and alkoxyl radicals. Alkoxyl radicals can fragment by -
cleavage, releasing carbonyls from proteins. Since most of the proteins are

capable of binding metal ions, especially iron and copper, subsequent exposure
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to H,O, generates OH which induces selective damage to the amino acid

residues at the binding site (66).
2.4.5. DNA Damage

Reactive species are involved in the development of cancer, both by
direct effects on DNA or by modulating signal transduction, cell proliferation and
cell death. Direct damage to DNA by ROS can have negative effect on purine or

pyrimidine bases, or the deoxysugar (66,72,100).

As stated before, DNA damage occurs in the form of strand breakage
and chemical modifications to the DNA bases or to deoxyribose (66). Among
the ROS, OH: reacts with DNA by addition to double bonds of DNA bases and
by abstraction of an H atom from the methyl group of thymine and each of C—H
bonds of deoxyribose (100). It also can add to guanine at positions 4, 5 or 8 in
the purine ring. Addition to C—-8 produces an OH-adduct radical that is oxidized
to 8-hydroxy guanine (66).

Deoxyribose and ribose are fragmented by OH:, vyielding various
products. All positions are prone to H abstraction by OH' forming carbon-
centered radicals. They are readily transformed to sugar peroxyl radicals in the
presence of O,. Afterwards, they experience a range of reactions, including
disproportionation, rearrangement, elimination of water and C-C bond
fragmentation, to yield a variety of carbonyl products (66,101). Another
mechanism about DNA damage includes the enzyme poly (ADP-ribose)
polymerase, which is activated following the peroxide-mediated DNA damage.
Once activated, this enzyme uses vast amounts of NAD to repair DNA damage,
caused by ROS (72).

2.4.6. Antioxidant Defense Systems Against Free Radicals

Ongoing exposure to numerous types of oxidative stress from various
sources has lead both the cell and the whole organism to develop defense
mechanisms for protection against reactive species (RS) (68). Halliwell defines

the term antioxidant as “any substance that when present at low concentrations
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compared to those of an oxidizable substrate significantly delays or prevents
oxidation of that substrate”. The term “oxidizable substrate” includes almost

everything within a living cell including proteins, lipids and DNA (102).

Antioxidant defense mechanisms are classified into 3 sub-groups

according to a mechanistic approach (103):

1. Preventing antioxidants: As already mentioned, transition metals
including iron and copper take part in the production of certain RS.
Therefore, ferric or cupric ion reducers or metal chelators are

supposed to prevent the production of RS (68,103).

2. Scavenging antioxidants: They discard RS swiftly before they
attack biologically essential molecules (103). Primary/secondary
antioxidant enzymes and non-enzymatic, low—molecular—-weight

antioxidants are included in this sub—group (68,103).

3. Repairing antioxidants: They scavenge the wastes of oxidant attack

and reconstitute the lost cellular function.

2.4.6.1. Enzymatic Antioxidant Defense Mechanisms

_SOD _ 4o, 0
NADP*
(LOOH)
GSH-Px > ( DGEPD
H,0 GSSG NADPH
(LOH)

Figure 1: The mechanism of enzymatic antioxidant defences
[Adapted from Aydin et al., 2001] (67)
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2.4.6.1.1. Superoxide Dismutase (SOD)
a. Copper-Zinc SOD (CuzZnSOD)

T. Mann and D. Keillin isolated a blue-green protein containing copper,
and named it haemocuprein in 1938. Later, in 1953, a similar protein was
isolated from horse liver and named hepatocuprein. This type of protein was
again isolated from brain (cerebrocuprein). In 1970, it was discovered that the
erythrocyte protein contains zinc in addition to copper. The enzymatic function
of this protein was not realized at the beginning, and thought to serve as metal
depots (66). It was in 1969 when Joe M. McCord and Irwin Fridovich first

realized that the erythrocyte protein is able to remove O, catalytically. They

reported that this protein acts as an enzyme, superoxide dismutase containing

both copper and zinc (104).

CuzZnSOD is an enzyme of molecular mass of approximately 32.000 (68).
It contains two protein subunits each of which possesses an active site
containing one copper and one zinc ion (105). CuZn-SOD is widely distributed
in almost all eukaryotic cells and mostly localized in the cytosol of animal cells
(66,68), but it can also be found in lysosomes, nucleus and the space between
inner and outer mitochondrial membrane (105). The CuZn-SODs are
exceptionally stable enzymes. They are fairly resistant to heat, denaturation by

organic solvents and detergents, and attack by proteinases (66).

The primary function of CuZnSOD is to catalyze the dismutation reaction

of O, as shown below:

. . + CuZnSOD
O, +0, +2H » H>0, + O (105)

This reaction states that the process results in the formation of H,O,,
which is also a strong oxidant, as already mentioned. The produced H,0, is

detoxified in body by catalase enzyme, which is discussed later (67).
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CuZnSOD inhibits the formation of OH' by removing O, and preventing

it to react with H,O; in the presence of transition metals (77).

Cyanide is a powerful and non-specific inhibitor of CuZnSODs. They are
also inactivated by incubating with diethyldithiocarbamate, a compound that
binds to copper and removes it from the active sites (66).

b. Manganese SOD (MnSOD)

The SOD first isolated from E.coli was realized to be entirely different
from CuzZnSOD. It was understood that it had a molecular mass of 40.000
rather than 32.000, and its color was pink rather than blue-green. It was not
inhibited by cyanide or diethyldithiocarbamate; nevertheless it was destroyed by
treating with chloroform plus ethanol. It contained Mn®" as its active site, thus it
was named as MnSOD (or sometimes SOD2) (66,105,106).

Despite these differences, MnSODs catalyze essentially the same
reaction as CuZnSODs. But unlike CuZnSODs, the reaction rate for MNnSODs

decreases at alkaline pH (66).

The MnSODs are widespread in bacteria, plants and animals. They are
almost entirely located in the mitochondria in animal cells (105). Because the
mammalian erythrocyte lacks mitochondria, it does not contain MnSOD;
however it has been reported that the enzyme exists in mammalian liver. The
relative amounts of MNSOD and CuzZnSOD vary depending on the number of
mitochondria present in the tissues they exist.

The MnSODs from higher organisms generally consist of four protein
subunits, and have 0.5 or 1 ions of Mn per subunit. Removal of Mn from the

active sites results in the loss of catalytic activity (66,90,106).
c. Iron SOD (FeSOD)

Four SODs have been purified from E.coli including periplasmic
CuzZnSOD and MnSOD. A third SOD was found to be an iron-containing
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dimmer, and identical enzymes were later isolated from many bacteria, algae
and higher plants. This fourth enzyme is a hybrid containing subunits of both
manganese and iron enzymes in the same molecule. FeSOD is generally found
in the cell cytoplasm (105).

FeSODs usually contain two protein subunits. There are generally one or
two iron ions per molecule in dimeric enzymes. The iron is found as Fe®* in
FeSOD which is in “resting” state (107). Fe-SODs are also capable of catalyzing
the dismutation reaction, but in a relatively slower manner than other subtypes
(67). In addition, it is reported that fluctuations are possible between Fe®*" and
Fe?" states during catalyses. The catalytic activity of FeSODs tends to decrease
at high pH and is not inhibited by cyanide, like MnSODs (107).

The amino acid sequences of FeSODs are similar to those of MnSODs,

which explains the hybridization, mentioned before (66).

No animal tissues have yet been found to contain FeSOD, but some
algae, yeasts (67) and higher plants like Ginkgo biloba L. (108).

d. Nickel SODs (NiSOD)

A new type of SOD with only nickel at the active site was recently purified
from several aerobic bacteria of Streptomyces species and also in
Actinomycetes and Micromonospora species. The amino acid sequence of Ni-
SOD is also different from other SODs (109).

2.4.6.1.2. Catalase (CAT)

CAT was first purely isolated in the form of crystalline from beef liver by
James B. Sumner and Alexander L. Dounce in 1937 (110). It consists of four
protein subunits, and each of them contains Fe**-haem (Fe>*-protoporphyrin) at
its active site (111). Each subunit usually has one molecule of NADPH bound to
it (66), which stabilizes the enzyme by protecting it from its own substrate H,0,
(67). CAT is likely to dissociate into its subunits during storage, lyophilization or

exposure to acid or alkali, resulting in the loss of activity (66).
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Dismutation of O, results in the formation of H>O, . As already stated,
H,O,, itself, causes oxidative damage to tissues, and also plays a major role in
the generation of OH. CAT (also known as “hydrogen peroxide oxido

reductase”) catalyzes the direct disintegration of H,O,to O, as shown:

CATALASE
2H-0- » 2H,0 + O» (66)

Most aerobes contain catalase with the exception of some bacteria and
blue-green algae. Even though, catalase is located in all organs of animals; it is
especially concentrated in erythrocytes and liver cells. Brain, heart and skeletal
muscle have relatively lower levels of CAT. Besides, maize plant (Zea mays L.)

is reported to contain multiple catalases (66).

CAT, like SOD, catalyzes a dismutation reaction; one H,O is reduced to
H,O and the other is oxidized toO,. The reaction mechanism is shown below
(66):

Catalase-Fe** + H,0, — Compound | + H,O

Compound | + H,0, — Catalase-Fe®*" + H,0 + O,

Net reaction: 2H, O, — 2 H,O0+ O,

The structure of “compound I” has not yet been fully revealed. It is known
for receiving two electrons from H,O, to reform ferric catalase (66). Mammalian
catalases can also catalyze peroxidase-type reactions, but limited to the
accessibility of substrates (H,O,) (112). Compound | has the ability to oxidize
methanol and ethanol to formaldehyde and acetaldehyde. It can also oxidize
formic acid to carbon dioxide and nitrite to nitrate. It has been suggested that
CAT can oxidize elemental mercury (Hg) absorbed into the human body to Hg**
ions (66). CAT can be non-specifically inhibited by azide, cyanide, peroxynitrite,
and HOCI. These can inhibit the functions of other enzymes. Aminotriazole
inhibits CAT in vivo.
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2.4.6.1.3. Selenium-dependent Glutathione Peroxidase (SeGPx)

SeGPx was first discovered in animal tissues in 1957 by Gordon C. Mills
(113). Although it is found rarely in bacteria and higher plants, it also exists in

some algae and fungi (114).

SeGPx removes H,0, by coupling its reduction to H,O with the oxidation
of a thiol-containing tripeptide, reduced glutathione (GSH) (66). Free
glutathione usually exists in the form of GSH, whereas a small portion exists in
oxidized form (GSSG).The ratios of reduced to oxidized glutathione in normal

cells are high.

In the presence of excessive H,O,, the oxidation of GSH to GSSG is
catalyzed by SeGPx; and in this case, H,0O, is detoxified by being converted to

water (67), as shown below:
H,0, (LOOH) + 2GSH — GSSG + 2H,0

SeGPx is a tetrameric enzyme and composed of four protein sub-units.
They contain selenium at their active sites. Its molecular weight is
approximately 85.000. It is mainly located in cytosol and mitochondria.
Selenium is found as selenocystein in normal cystein instead of sulfur. GSH
reduces the selenium portion of the enzyme, later this reduced enzyme reacts
with H,O,. While, the selenolate form of SeGPx reduces the peroxide substrate
(LOOH) to alcohol (LOH). GSH attends the reaction at this step and generates
selenosulfide. A second GSH binds to selenosulfide and converts it to the active
form of the enzyme, and by this way, GSH is oxidized to GSSG (66,67,114).

SeGPx can be inhibited by mercaptosuccinate (66).
2.4.6.1.4. Glutathione Reductase (GR)

As stated before, GSH is converted to GSSG by SeGPx during the
reduction of H,O, or other lipid peroxides. Since GSH amount of the organism is
limited, GSSG is required to be re-converted to its reduced form, GSH. This

conversion is catalyzed by GR in the presence of NADPH (67), such as:
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GSSG + NADPH + H" — 2GSH + NADP"

NADPH required is provided by the pentose phosphate pathway. The

first enzyme in this pathway is glucose-6-phosphate dehydrogenase.

GR is composed of two protein subunits, each of which contains flavin
adenine dinucleotide (FAD) at its active site. NADPH reduces FAD, which later
donates its electrons onto a disulphide bridge in the active site. The two —SH
groups, formed by this way, interact with GSSG and reduce it to 2 GSH,
reforming the protein disulphide (66).

Both in vitro and in vivo inhibition of GR can be achieved by N,N-bis(2-

chloroethyl)-N-nitrosurea (66).
2.4.6.2. Non—enzymatic Antioxidant Defense Mechanisms
2.4.6.2.1. Glutathione

Glutathione, y-glutamylcysteinyl glycine, is a tripeptide found ubiquitously
in microorganisms, most plants and all mammalian tissues. Glutathione exist in
two different forms, “thiol-reduced” (GSH) and “disulfide-oxidized” (GSSG).
GSH is the most abundant non-protein thiol, which is found in millimolar
concentrations in most cells. Eukaryotic cells have three major depots of GSH.
Nearly 90% of the cellular GSH is found in the cytosol, 10% in the mitochondria,
and a small portion of it in the endoplasmic reticulum. The GSH/GSSG ratio

may vary depending on the cellular location.

Glutathione has numerous Vvital functions, including detoxifying
xenobiotics, preventing the oxidation of —SH groups and scavenging free
radicals.

Detoxification of xenobiotics or their metabolites is one of the major
functions of GSH. These compounds are electrophiles, and form conjugates
with GSH either spontaneously or enzimatically catalyzed by GST. Later, these
conjugates are metabolized to mercapturic acid.
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GSH is a scavenger of various ROS including OH, HOCI, and singlet
oxygen. Scavenging of these radicals results in the formation of thiyl radical.

Although GSH does not react directly with hydroperoxides, it acts as a
substrate for SeGPx. As mentioned before, excessive H,O; is reduced by GSH
in the presence of SeGPx. As a result GSH is oxidized to GSSG. GR reconverts
GSSG to GSH, consuming NADPH (115,116).

It is also capable of chelating copper ions, resulting in a decrease in their
ability to form OH' from H,0, (117).

2.46.2.2. Uric acid

Uric acid is the final product from the purine catabolism catalyzed by
xanthine oxidase or xanthine dehydrogenase. In most species, urate oxidase
converts uric acid to its more polar metabolites for excretion. However, humans
lack a functional urate oxidase gene. Thus, urate oxidase activity is absent and
uric acid accumulates in plasma to high concentrations (66).

Uric acid is known for its antioxidant activities (118). Indeed, it is the most
abundant metabolite in plasma with antioxidant potential. Most of the total
antioxidant potential measured in plasma is due to uric acid (119). It has been
demonstrated that uric acid is capable of scavenging singlet O,, LOO. OH,
ozone, HOCI (118) and peroxynitrite (119). Therefore, it is concluded that uric

acid protects erythrocyte membranes from peroxidation (118).

Uric acid is also capable of chelating metal ions, since it can bind iron

and copper ions and stimulate low density lipoprotein oxidation (66).
2.4.6.2.3. Melatonin

Melatonin is produced by the pineal gland at the base of the brain. It also
occurs in some foods, for example walnuts. It participates in the regulation of
circadian rhythms, and has been popularly used against “jet lag”. The blood
levels of melatonin are low during the day time and increase at night as pineals

synthesis accelerates (66).
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Melatonin is a powerful scavenger of OH'. After it reacts with OH, it is
converted to a cationic radical which also reacts with O,". Since melatonin is a
lipophilic substance, it is capable of penetrating a lot of compartments including

blood-brain barrier and exhibits a wide spectrum of antioxidant activity (67).

It is also regarded as scavengers of other ROS and RNS. Furthermore, it
has been demonstrated that it has the ability to stimulate important antioxidant
enzymes such as GPx (120) and SOD (121). Besides it causes an increase in

the total antioxidant capacity of plasma (121).
2.4.6.2.4. Albumin

Albumin is multifunctional protein, which is composed of 585 amino acids
and has a molecular weight of 66.000. The normal concentration of it in human
plasma is between 35 and 50 g/L. Albumin participates in many important
physiological and pharmacological reactions. Its primary function is to transport
bile pigments, cholesterol, fatty acids, and metals. It plays a major role in the
maintenance of osmotic pressure and distribution of fluid among bodily

compartments (122).

Albumin represents the majority of antioxidants present in plasma, where
much of oxidative stress occurs. The majority of the total serum antioxidant
properties can be referred to albumin (122). It has been suggested that
approximately 70% of the free radical trapping activity was due to albumin
(123). It binds copper tightly and iron weakly. It takes part in the inhibition of OH
generation. Therefore, it protects important lipoproteins. It contains an open —
SH group and this —SH rapidly scavenges HOCI and some RNS (124).

2.4.6.25. Ceruloplasmin

Copper is taken by the liver and enters the cell in its reduced form, Cu”.
Some of the copper is integrated by the liver into the protein, ceruloplasmin. Its
molecular weight is 132.000, and human plasma contains 200 to 400 mg/dm? of

ceruloplasmin (66).
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Ceruloplasmin contains six tightly bound copper ions and it donates
copper to cells requiring copper. It transports the majority of copper in plasma,
while albumin carries much less (125). It catalyzes the oxidation of Fe** to Fe**
without any release of oxygen radical intermediates. This process results in the

inhibition of Fenton reaction and further formation of free radicals.

Ceruloplasmin binds to myeloperoxidase, causing the inactivation of the

enzyme. This results in the inhibition of HOCI formation (66,67).
2.4.6.2.6. Bilirubin

Bilirubin is a bile pigment and arises as a result of catalysis of haem
proteins. Over 270 mg of bilirubin is produced daily in adult humans.

It is insoluble in water at physiological pH and binds tightly to albumin.
Bilirubin bound to albumin can protect not only the protein itself but also the
albumin-bound fatty acids against free radical damage. It has also the capability
of scavenging singlet O, (66,67).

2.4.6.2.7. Lipoic acid

Lipoic acid (1,2-dithiolane-3-pentaoic acid) is present in all kinds of
prokaryotic and eukaryotic cells. Dihydrolipoic acid (DHLA) is the reduced form
of lipoic acid, and it is a more powerful antioxidant than lipoic acid, itself. They
have both metal-chelating capacity and the capability of scavenging ROS.
However, only DHLA has the ability to reduce GSSG to GSH, dehydroascrobate
to ascorbic acid, and a-tocopheryl radical to a-tocopherol, resulting in the
regeneration of important antioxidant molecules. DHLA can also repair oxidative
damage (126).

2.4.6.2.8. Mannitol

Mannitol shows modest antioxidant activity as a hydroxyl radical
scavenger, however it does not have the capability of scavenging other oxidants
including O, " and lipid peroxides (127).
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2.4.6.2.9. Oxypurinol

Oxypurinol is the metabolite of allopurinol, a well-known inhibitor of
xanthine oxidase. It directly scavenges HOCI (128). It also showed antioxidant

activity in lenses (128) and in pancreatic tissues of rats (129).
2.4.6.2.10. Ferritin

Ferritin binds the iron and prevents it from participating in the generation

of free radicals (67).
2.4.6.2.11. Transferrin

Transferrin is especially present in serum, but it also found at lower
concentrations in other body fluids. Its primary function is to transport iron to the

proliferating cells; it is also an important growth factor.

Transferrin acts as an antioxidant by reducing the concentration of free
ferrous ion that takes part in Fenton reaction, resulting in the formation of free
radicals (130).

2.4.6.2.12. Coenzyme Q (Ubiquinone; CoQ)

CoQ is an endogenous, lipophilic compound found in the majority of
aerobic organism. The name “ubiquinone” was given as a reference to its

ubiquitous presence in every aerobe.

CoQ plays a major role in the mitochondrial electron transport chain as
an electron carrier. It is also present in other cells membranes and lipoproteins.
Its reduced form “ubiquinol” can scavenge LOO' directly and inhibit lipid
peroxidation. Furthermore, it participates in the regeneration of a-tocopherol

from its radical form in lipoproteins and membranes.

Beside its presence in every aerobic organism, CoQ can be found in

dietary sources such as grains, meats and oils (131).
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2.4.6.3. Natural Antioxidant Molecules

The human diet comprises of a parade of different compounds with
antioxidant potential. The most remarkable representatives of dietary
antioxidants are vitamin E, vitamin C, carotenoids and polyphenolic substances.
A synergistic effect among these various compounds is likely to occur (132—
134).

2.4.6.3.1. Vitamin E

Vitamin E was first discovered in 1922 by Evans and Bishop as a
necessary dietary factor for reproduction in rats (135). The term “vitamin E”
includes eight naturally—occurring, fat—soluble substances that have vitamin E
activity in the rat reproduction test. They are a-, B-, y-, 8- tocopherols, and a-,
B-, y-, ©- tocotrienols (66). They have all a chromanol ring, with a hydroxyl
group that can donate a hydrogen atom to reduce free radicals and a
hydrophobic side chain, which makes penetration to biological membranes
easier (136).

The name “tocopherol” originates from the Greek words tokos (childbirth)
and phero (to bring forth). Plants and their oils generally contain a mixture of
tocopherols, for example there is more y-tocopherol than a-tocopherol in soy,
walnut, rapeseed, and corn oils. On the contrary, sunflower and almond oil have

mostly a-tocopherol (66).

a-tocopherol is the most accumulating form in blood and tissues. It is
also synthesized commercially for use in animal nutrition and for human vitamin
E supplements (137). The richest sources of vitamin E in the diet are vegetable
oils (soybean, maize, cottonseed, and sunflower seed). Besides, wheat germ,
nuts, and some green leafy vegetables contribute considerable amounts to the
vitamin E depot (134).

a-tocopherol functions as an antioxidant to protect lipids against oxidative
damage. It especially protects PUFA within phospholipids of biological

membranes and in plasma lipoproteins. Although it has a low reduction
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potential, the main mechanism is to inhibit lipid peroxidation because it has the
ability to scavenge lipid peroxyl radicals (LOO’) much faster than these radicals
can react with adjacent fatty acid side chains or with membrane proteins. The
phenolic hydroxyl group of tocopherol reacts with an organic peroxyl radical to
form the corresponding organic hydroperoxide and the tocopheroxyl radical (a-
Toc-0) (66,135,137):

LOO + a-Toc-OH ——» LOOH + a-Toc-O

The resulting a-Toc-O' is stable and does not have adequate reactivity to
initiate a lipid peroxidation reaction on its own (67). By this way, the chain
reaction of lipid peroxidation is terminated. For this reason vitamin E is called as

chain-breaking antioxidant (138).

Tocopheroxyl radicals can be reduced to tocopherol by interaction with
reductants serving as hydrogen donors. Coenzyme Q, vitamin C (ascorbic acid)
and GSH, which are biologically important hydrogen donors, regenerate

tocopherol from the tocopheroxyl radical (137):

a-Toc-O + Ascorbic acid — a-Toc-OH + Dehydroascorbic acid
2a-Toc-O + 2 GSH — 2 a-Toc-OH + GSSG (67)

GPx and vitamin E show a complementary antioxidant effect such as
GPx removes the generated peroxides, besides vitamin E inhibits the

generation of peroxides.

Vitamin E also participates in the metabolism of Se?*. Se?* is necessary
for the absorption of vitamin E and lipids. Furthermore, it assists in keeping
vitamin E inside the lipoproteins. Meanwhile, vitamin E decreases the need for
Se?* by preventing the loss of it from the organism or keeping it in an active
state (67).

a-tocopherol is also capable of inhibiting the protein oxidation. It has
been demonstrated that a-tocopherol reduced formation of a-aminoadipic and

y-glutamic semialdehydes from oxidized myofibrillar proteins (139).
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Dietary consuming of a-tocopherol increases the incorporation of the
antioxidant into the phospholipids membrane region where PUFAs are located
(139).

2.4.6.3.2. Vitamin C

Vitamin C (ascorbic acid) is water—soluble vitamin. It was first isolated
from adrenal glands by Albert Szent-Gyorgyi in 1928. It is a six-carbon lactone
and synthesized from glucose in the liver of most mammalians. Nevertheless,
humans cannot carry out the synthesis process since they lack a crucial
enzyme (gulonolactone oxidase) required for the terminal step. Therefore,
vitamin C needs to be acquired from the diet (140,141). In the case of vitamin C

deficiency, scurvy may occur (68).

Vitamin C acts as a cofactor for eight enzymes in humans. Three of them
participates in collagen hydroxylation i.e. praline hydroxylase, lysine
hydroxylase and asparagine hydroxylase (142). Two other vitamin C dependent
enzymes are required for the synthesis of carnitine, which is essential for the
transport of fatty acid into mitochondria for ATP production (143). Vitamin C is
necessary for the copper-containing enzyme dopamine--hydroxylase, which is
responsible for the conversion of dopamine to norepinephrine (144).

The levels of vitamin C is 30-90 yM in human plasma; even higher in
cerebrospinal fluid, agueous humor of the eye, gastric juice, seminal fluid and
lung lining fluid. It is found in millimolar intracellular concentrations in various

cell types (66).

Vitamin C is an electron donor, and therefore it is a powerful reducing
agent. By this process it prevents other compounds from oxidation. It is capable
of reducing Fe** to Fe**, which is required for the hydroxylation reactions in the

organism. This process assists the uptake of iron in the duodenum (66,141).

Vitamin C donates two electrons from a double bond between the second
and third carbons of the 6-carbon molecule. But this donation process occurs

sequentially. The loss of the first electron results in the formation of a free
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radical semidehydroascorbic acid or ascorbyl. Ascorbyl radical participates
in the regeneration of a-tocopheroxyl radical to a-tocopherol. It is relatively
stable with a half-life of 10° seconds, besides it is fairly unreactive. In the case
of the reaction of a harmful free radical with ascorbic acid, the reactive free
radical is reduced, and the ascorbyl radical is much less reactive. Ascorbyl
radical is not a stable compound owing to its unpaired electrons and upon the

loss of a second electron, dehydroascorbic acid is formed (141).

As a powerful reducing agent, vitamin C acts as an important free radical
scavenger. It scavenges O", singlet oxygen and OH" directly. It also scavenges
water soluble peroxyl radicals. Another mechanism of its antioxidant activity is
to prevent the damage by OH' or LOO" upon urate by reacting with urate
radicals (145).

In addition to its antioxidant effects, it is known that vitamin C can exert
prooxidant effects. Apart from O, vitamin C is the only cellular agent that
reduces Fe** to Fe?*. As already stated, Fe?" takes part in Fenton reactions,

therefore it is an important component of free radical generation (146).
2.4.6.3.3. Carotenoids

Carotenoids are a major class of naturally occurring, lipid-soluble
pigments (147). They are known as “natural colorants”, and responsible for
many of the red, orange, and yellow hues of plant leaves, fruits, and flowers, as
well as the colors of some birds, insects, fish, and crustaceans. Only plants,
bacteria, fungi, and algae have the capability to synthesize carotenoids, but
many animals provide them from their diet (133,148). In plant cells, carotenoids

are generally found in cell membranes or stored in plasma vacuoles (147).

Among more than 700 naturally occurring carotenoids, 50 of them are
present in the human diet. However, only five of them represent 95% of
carotenoids circulating in blood. They are B-carotene, lycopene, lutein, B-

cryptoxanthine, and zeaxanthin (147).
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Carotenoids have a unique structure which has a direct effect on their
biological actions and functions. They are synthesized from the dimerization of
geranylgeranyl pyrophosphate, and composed of eight isoprene units. These
isoprene units are joined in “head-to-tail” pattern (149). Most carotenoids are
derived from a 40-carbon basal structure, including an extended system of
conjugated double bonds (133,150). The central chain may carry cyclic end-
groups which can be substituted with oxygen-containing functional groups
(148).

The pattern of conjugated double bonds in the polyene backbone of
carotenoids is responsible for the antioxidant activity of carotenoids (148).
Another factor that contributes to the mentioned activity is their isolated double
bonds, open chain, and lack of oxygen substituents (149). Carotenoids are most
likely involved in the scavenging of two of the reactive oxygen species, singlet
molecular oxygen and peroxyl radicals. Further, they deactivate electronically
excited sensitizer molecules, which are involved in the generation of peroxyl
radicals and singlet oxygen. The deactivation of singlet oxygen is consequence
of physical quenching which involves direct energy transform. The excitation
energy is transferred from singlet oxygen to carotenoid molecule, yielding
ground state oxygen and triplet excited carotenoid. Since the carotenoids
remain intact during the quenching process of singlet oxygen or excited
sensitizers, they can be used several times again in these quenching
processes. Therefore, carotenoids are considered to act as a “catalyst” for the
deactivation of singlet oxygen (133,148,151,152).

As mentioned above, the antioxidant properties of carotenoids with the
numbers of conjugated double bonds found in the molecule, determine their
lowest triplet energy level. B-carotene and other carotenoids have triplet energy
levels close to that of singlet oxygen enabling enery transfer. Other carotenoids
like zeaxanthine, [B-cryptoxanthine, and lutein have also the capability of
scavenging singlet oxygen, and they are detected in plasma and tissues
(133,148,151,152).
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Another group of radicals which reacts with carotenoids is peroxyl
radicals. As already mentioned, they are produced during the lipid peroxidation,
and they cause damage in lipophilic compartments. Carotenoids can protect
cellular membranes and lipoproteins against oxidative damage due to their
lipophilic character, and specific properties to scavenge peroxyl radicals
(133,148). Since they inhibit the lipid peroxidation by trapping peroxyl radicals,
carotenoids, especially B-carotene, have been suggested as “chain-breaking
antioxidants” (153). The peroxyl scavenging activity of carotenoids relies on the
generation of radical adducts forming a resonance stabilized carbon-centered
radicals (148).

The antioxidant activity of carotenoids depends on the oxygen tension
present in the system (153). At relatively lower partial pressures of oxygen such
as those found in most tissues under normal physiological conditions, -
carotene was found to inhibit the oxidation. On the contrary, the initial
antioxidant activity of p-carotene is followed by a prooxidant action at high
oxygen tensions. It has been noted that prooxidant properties of 3-carotene can
be attributed to adverse effects observed under the supplementation of high
doses of B-carotene (148).

Carotenoids act also as a cooperative antioxidant. For instance, (-
carotene participates in the regeneration process of a-tocopherol from
tocopheroxyl radical. The yielded carotenoid radical cation may subsequently

be repaired by ascorbic acid.
2.4.6.3.4. Phenolic compounds

Phenolic compounds are the largest group of plant secondary
metabolites ubiquitously found in various herbs and fruits such as grapes,
berries, apples, citrus fruits, and vegetables like broccoli, olives, tomatoes,
soybeans, grains, cereals, and in addition, green and black teas, coffee beans,
propolis and wine (154-156).
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The term “phenolics” comprises more than 8000 naturally occurring
compounds. They are mostly synthesized via the shikimic acid pathway. They
all have a structurally common property, an aromatic ring with at least one

hydroxyl group substituent (phenol) (154).

Depending on the number of phenol structures, phenolics are classified
in two subgroups; simple phenols and polyphenols. Simple phenols are
composed of phenolic acids (157). Polyphenols possess at least two phenol
substituents. They include phenylpropanoids, flavonoids, anthocyanins
stilbenes. Polymeric polyphenols which are composed of three or more phenol
subunits are referred as tannins (158).

Phenolic acids constitute approximately 30% of the dietary phenolics
found in plants in free or bound forms. They are hydroxyl derivatives of aromatic
carboxylic acids, which arise from two distinguishing constitutive carbon
frameworks: benzoic acid or cinnamic acid. Hydroxybenzoic acids include
vanillic acid, syringic acid and p-hydroxybenzoic acid. some examples of
hydroxy cinnamic acid acids are p-coumaric acid, caffeic acid, chlorogenic acid,

ferulic acid, and sinapic acid (157).

Flavonoids are ubiquitous plant secondary metabolites that are best
known as the characteristic red, blue, and purple anthocyanin pigments of plant
tissues. The term is derived from the Latin word “flavus”, which means yellow
(159).

Flavonoids are a large group of low-molecular weight polyphenolic
substances. Their basic structural feature is the flavan nucleus (2-phenyl-
benzo-y-pyrane), a system of two benzene rings (A and B) linked by an oxygen-
containing pyrane ring (C). Depending on the degree of oxidation of the C ring,
the hydroxylation pattern of the nucleus, and the substituent at third carbon
(C3), the flavonoids are classified into the subclasses flavones, flavonols,
flavanones, flavanols (catechins), isoflavones, and anthocyanins. Flavonols
differ from flavanones by the presences of hydroxyl group at the C; position,

and by a C,-C3 double bond. Anthocyanins own a charged oxygen atom in the
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ring C, and therefore differ from other flavonoids. The ring C is open in the
chalcones. Many flavonoids occur as glycosides in nature. The most common

sugar moieties are D-glucose, L-rhamnose, D-galactose and D-arabinose (160).

Polymeric phenols, tannins are divided into two groups, such as
hydrolysable and condensed tannins. Hydrolysable tannins contain gallic acid,
or similar compounds, esterified to a carbohydrate (154).

It is a well-known fact that the majority of natural antioxidants are
phenolic compounds (132). In addition to their antioxidant activity (161), they
have vasodilatory (162), anticarcinogenic, antiinflammatory, immune-
stimulating, antiallergenic, antiviral and estrogenic effects and inhibition
activities against phospholipase A, cyclooxygenase, lipoxygenase, glutathione

reductase, and xanthine oxidase enzymes (163).
Antioxidant Activities of Phenols

As already stated, the majority of natural antioxidants are phenols. The
antioxidant capacities of many phenolic compounds are stronger than those of
vitamins C and E (164,165). For example, the one electron reduction potential
of epigallocathechin gallate under standard conditions is 550 mV, which is lower
than glutathione (920 mV), under comparable to that of vitamin E (480 mV)
(166).

The molecular basis of for the antioxidant properties of phenols is

recognized under three main mechanisms (132,154,167-169):
1. Hydrogen Atom Transfer (HAT)

As primary antioxidants, phenols inactivate free radicals according to the
hydrogen atom transfer. In this reaction, the antioxidant, ArOH, reacts with the
free radical, R, by transferring a hydrogen atom to it through homolytic rupture
of the O—H bond, as previously described.

ArOH+R — ArO +RH
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The products of this reaction are the harmless RH and the oxidized ArO
radical. Although the latter is a free radical itself, it is relatively less reactive than
R.

2. Single Electron Transfer (SET)

It is another mechanism of phenols for free radical scavenging. This
mechanism provides an electron to be donated to the R

ArOH + R— ArOH" + R~

The anion R is an energetically stable species with an even number of
electrons, while the cation ArO is also in this case a less reactive radical
species. Both ArO and ArOH™ are structurally aromatic compounds in which
the odd electron, originated by the reactions with the free radical, has the

possibility of be spread over the whole molecule, causing a radical stabilization.

In HAT mechanism, the bond dissociation enthalpy (BDE) of the
phenolic O—H bond is an important parameter in evaluating the antioxidant
activity; the dissociation of the phenolic O—H bond and the reaction with the free

radicals become easier as the BDE value decreases.

In the SET mechanism, the ionisation potential is the most significant
parameter for the evaluation of scavenging activity. The electron abstraction
and the reaction with the free radicals become as the ionization potential value

decreases.
3. Transition Metals Chelation

Polyphenols, particularly flavonoids, have the capability to chelate
transition metals, leading to stable compounds which entrap metals and avoid
them to participate in the Fenton reactions.

The binding sites for metals to polyphenols are the 3-hydroxyl, 4-oxo
groups in ring C, 4-oxo and 5-hydroxyl groups of ring A, and the catechol moiety

of ring B.
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Antioxidant activities of phenolic acids

As previously mentioned, phenolic acids are composed of two major
subgroups, hydroxybenzoic and hydroxycinnamic acids. The antioxidant activity
of phenolic acids and their derivatives depends on the number of hydroxyl
groups in the molecule that would be strengthened by steric hindrance. It also
depends on the position of the hydroxyl groups bound to the aromatic ring, the
binding site, and the mutual position of the hydroxyl groups in the aromatic ring,
and the type of other substituents. The electron-abstracting properties of the
carboxylate group in benzoic acids have a negative effect on the hydrogen
donating abilities of the hydroxyl benzoates. Hydroxylated cinnamates are more
effective than benzoate forms. The presence of the —-CH=C—-COOH groups in
cinnamic acid ensures greater H-donating ability and subsequent radical

stabilization than the carboxylate group in benzoic acids (163,170).

The occurrence of different substituents in the phenolic framework
enhances the antioxidant potential, particularly their hydrogen-donating
capacity. Generally, unsubstituted phenol is inactive as hydrogen donor, and
monophenol is a less active in antioxidant than polyphenol. The insertion of
electron-donating group such as hydroxyl group in the ortho or para position
elevates the antioxidant potential of phenol or phenolic acid (171). Also, the
presence of a carbonyl group, such as aromatic acid, ester, or lactone,
enhanced its antioxidant activity. The antioxidant activity of a molecule also
increases in the case of separation from the aromatic ring. Cinnamic acid is
more efficient as an antioxidant than the corresponding benzoic acid derivative.
Steric hindrance of the phenolic hydroxyls by an adjacent inert group, such as

methoxyl groups, favors the antioxidant activity (163).

The fact that the antioxidant potentials of phenolic acids have an inverse
relationship with the magnitude of their O—H bond dissociation enthalpy values
supply evidence in weakly polar organic media. The key mechanism of the
chain-breaking action is the hydrogen atom transfer (HAT) from the phenolic

—OH to peroxyl radicals, as previously described (132). The incorporation of a
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second —OH group in the ortho or para positions enhances the antioxidant
activity (163).

Antioxidant activities of flavonoids

Flavonoids are the most abundant and popular group of dietary
polyphenolic compounds, and widely distributed in almost all of the high plants.
They are well-known for their antioxidant activities.

Flavonoids have the capability of hydrogen atom transfer (HAT), which is
already described. The antioxidant activity of flavonoids is dependent on the
arrangement of functional groups on its main framework (169). The main
structural features of flavonoids necessary for the ROS scavenging activity can

be summarized as below:

a) An ortho-dihydoxy (catechol) structure in the ring B, for electron

delocalization.

b) 2,3-double bond in conjugation with a 4-oxo function in the ring C

provides electron delocalization from the ring B

c) —OH groups at positions 3 and 5 provide hydrogen bonding to the oxo
group.

The —OH configuration attached to ring B is the most important
determinant of ROS scavenging activity. —OH groups on the ring B transfer
hydrogen and an electron to hydroxyl, peroxyl, and peroxynitrite radicals,
stabilizing them and giving rise to a stable flavonoid radical. For flavones and
flavanones, hydroxyl and peroxyl scavenging activity linearly, according to the
total number of OH groups (167,168,172).

Due to their peroxyl radical scavenging activity, flavonoids are effective
inhibitors of lipid peroxidation (167). A 3'4’-cathecol structure in the ring B
strongly enhances the lipid peroxidation inhibition. The differences in the
antioxidant activity between polyhydroxylated flavonoids are most likely

because of differences in both hydrophobicity and molecular planarity.
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Suppression of antioxidant capacity by O-methylation may reflect steric effects
that perturb planarity. Although the ratio of methoxy to hydroxyl substituents
does not predict the antioxidant potential, the ring B is especially sensitive to the
position of the methoxy group. Changing a 6'-OH/4’OMe configuration with 6'—
OMe/4’OH entirely abolishes the activity (172). Furhermore, multiple ring A
methoxy groups reverse the positive effect of a ring B catechol, as inhibition of
formation of the lipid peroxidation product, malondialdehyde by flavones with
ring A ortho-dimethoxy or trimethoxy structure is not favored (172). Another
mechanism for the inhibition of lipid peroxidation by flavonoids is the
regeneration of a-tocopheryl radicals. Flavonoids have the capability to act as
hydrogen donors to a-tocopheryl radical, resulting in the reformation of a-
tocopherol, which is an important chain-breaking antioxidant, and protects low-
density lipoproteins (LDL). This interaction causes a great potential in delaying
the peroxidation of LDL. Catechins are more effective than ascorbic acid in the

regeneration process of a-tocopherol (169).

Special flavonoids are able to chelate iron and cupper. As mentioned
before, they participate in the formation of free radicals. The major binding sites
for trace metals in the molecule are the catechol moiety in the ring B, the 3-
hydroxyl and 4-oxo groups in the heterocyclic ring C, and the 4-oxo and 5-

hydroxyl groups between the rings C and A.

The catechol moiety in the ring B plays a significant role for Cu**-chelate
formation and it can be regarded as the major contribution site for the metal
chelation. Flavonoids can also form complexes with cadmium (II), and be

potential antidotes in cadmium intoxications (173).

In terms of carbohydrate moieties of flavonoids, aglycones are more
potent antioxidants than their corresponding glycosides (172). It was also
reported that the antioxidant activities of flavonol glycosides decreases as the
number of the glycosidic moieties increased (174). In addition to the presence
and number of the carbohydrate moieties, the structure and the position of the
sugar content also participates in the activity. Luteolin and quercetin aglycones

have greater activity than their 3—, 4= and 7—-O- glycosides in delaying the
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accumulation of hydroperoxides in membrane bilayers; whereas a 4’'—sugar was
more suppressive than 3— or 7— substitution (172). Another important structural
factor that affects the antioxidant activity is the C-glycosylation. The C-
glycosylation in the ring A decreases the activity; and this negative effect is
probably due to the properties of the sugar itself, rather than the displacement
of a free —OH (175). Although most of the dietary flavonoid glycosidic moieties
occur at the 3— or 7— position, an A—ring sugar causes greater decrease in the

activity than 3—glycosylation in the heterocycle (172).

Another structural difference that affects the activity is the type of the
sugar moiety. For instance, a rhamnose moiety on quercetin decreases the free

radical scavenging activity, when compared to rutin (176).

In addition to the antioxidant activities mentioned above, flavonoids are
also capable of activating particular enzymes like glutathione-S-transferase,
UDP-glucuronosyl transferase, which participate in the body’s antioxidant
defense systems. Furthermore, flavonoids inhibit enzymes like xanthine oxidase
and protein kinase C, which are important for free radical formation. They can
also inhibit NADH oxidase, cyclooxygenase, microsomal succinoxidase (169).
Another contribution to the antioxidant potential of flavonoids is the inhibition of

the ability of myeloperoxidase to oxidize low-density lipoproteins (177).
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2.4.7. Assays Used to Measure Antioxidant Capacity of Plants

As the interest on natural antioxidants found in medicinal plants and
foods grows, the number of the studies reporting their antioxidant potentials
increases. The potentials of these antioxidants have been investigated by a vast
number of different methods under different conditions. Although all of these
methods have been developed for the same purpose, i.e. measuring the
antioxidant capacity, generally, there is a lack of correlation between activities
determined on the same material by different assays. This situation could be
expected, since multiple active species and reaction characteristics and
mechanisms are involved in oxidative stress in human body. There is no
universal method that measures antioxidant capacity accurately and

guantitatively (103).

An ideal method for measuring the antioxidant potential should meet the
following criteria (178):

Measures chemistry actually occurring in potential applications;
Uses a biologically relevant radical source;

Simple;

0N PE

Utilizes a method with a defined endpoint and chemical

mechanism;

5. Readily available instrumentation;

6. Satisfactory inter- and intraday reproducibility;

7. Adaptable for both hydrophilic and lipophilic substances, and use
of different radical sources;

8. Adaptable to “high throughput analysis” for routine quality control

analysis.

Generally, the methods for assessing the antioxidant capacity utilize two
major reaction mechanisms, which are already mentioned: HAT and SET.
Although these two different mechanisms yields the same end result, their

kinetics and potential for side reactions vary.
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HAT-based methods measure the ability of an antioxidant to scavenge
free radicals by hydrogen donation. They are independent from solvent and pH
changes, and very rapid to take place. The presence of reducing agents,
including metals, is a complication in HAT assays and can cause high apparent
activity (178).

SET-based methods detect the ability of a potential antioxidant to
transfer one electron to reduce any compound, including metals, carbonyls, and
radicals (178).

2.4.7.1. The Methods Using HAT-Mechanisms
2.4.7.1.1. ORAC (Oxygen Radical Absorbance Capacity)

ORAC measures the inhibition of peroxyl radical-induced oxidations by
an antioxidant, and reflects the classical chain breaking antioxidant activity by H
atom transfer (179). Basically, the peroxyl radical reacts with a fluorescent
probe to generate a nonfluorescent product, which can be measured easily by
fluorescence. Antioxidant capacity is determined by a decreased rate and
amount of product formed over time (178,180). The principal of this assay is
particularly based on the intensity of fluorescent molecule such as -
phycoerythrin (a protein isolated from Pophyridium cruentum) or fluorescein
decrease of the target along time under reproducible and constant flux of
peroxyl radicals, generated from the thermal decomposition of 2,2'—azobis(2—

amidino—propane) dihydrochloride (AAPH) in aqueous buffer (132).

The ORAC assay provides a controlled source of peroxyl radicals that
model reactions of antioxidants with lipids in both food and physiological
systems. Another feature of ORAC is that it can be adapted to investigate both
hydrophilic and hydrophobic antioxidants by changing the radical source and

type of solvent used (181).
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2.4.7.1.2. TOSC (Total Antioxidant Scavenging Capacity)

This method was developed by Winston et al. (182). It allows the
calculation of absorbance capacity of antioxidants particularly toward three
potent oxidants, which are hydroxyl radicals, peroxyl radicals, and peroxynitrite.
It is possible to evaluate different antioxidants with different biologically relevant
radical sources. However, the method cannot be readily adapted for high-
throughput analysis necessary for quality control that it requires multiple
injections from a single sample into a gas chromatograph to calculate the

production of ethylene gas (178).
2.4.7.1.3. CL (Chemiluminescence)

The term means “chemically induced light”. The fundamental chemistry
of CL assays depends on the reaction of certain radical oxidants with marker
compounds to generate excited state species that emit chemiluminescence.
Any molecules that react with the initiating radicals inhibit the formation of light.
By altering the initiator, the reaction can be adapted to differentiate scavenging
of specific oxidants like O;", OH’, HOCI, LOO".

CL is characterized by very low emission intensity, tens to a few
thousand counts per second, when compared with millions of counts for

fluorescence (178).
2.4.7.1.4. B-carotene/linoleic acid bleaching assay

This method was first described by Miler (183). In this assay, (3-carotene
undergoes rapid discoloration in the absence of an antioxidant due to the
coupled oxidation of 3-carotene and linoleic acid, which generates free radicals.
The linoleic acid free radical formed upon the abstraction of a hydrogen atom
from one of its diallylic methylene groups attacks the highly saturated B-
carotene molecules. Consequently, 3-carotene is oxidized and broken down in
part. Later, the system loses its chromophore group and its characteristic

orange color. This reaction can be monitored spectrophotometrically (184).

77



2.4.7.2. The Methods Using SET-Mechanisms
2.4.7.2.1. FRAP (Ferric Reducing Antioxidant Power) Assay

The original method was first described by Benzie and Strain (185). The
first method was developed for measuring the reducing power of plasma, but
later it was modified, and adapted for the assay of antioxidants in botanicals
(178). Basically, the reduction of ferric 2,4,6-tripyridyl-s-triazine (TPTZ) to a
colored by-product is measured (185). FRAP is a reasonable screening tool for
the capability of maintaining redox status in cells or tissues. Reducing power is
associated with the degree of hydroxylation and extent of conjugation in
polyphenols (186).

The FRAP assay is performed at acidic pH (3.6) to maintain the stability
of iron. Low pH reduces the ionization potential that drives electron transfer and
elevates the redox potential, resulting in a shift in the dominant reaction
mechanism (178).

A major drawback of the method is that it cannot detect compounds that
act by HAT, particularly thiols and proteins like glutathione. FRAP measures

only the reducing ability based on the ferric ion (178,180).

FRAP is calculated as the change of absorbance, and related to the
absorbance difference (AA) of a Fe?* standard solution. AA is linearly
proportional to the concentration of antioxidant. One FRAP unit is arbitrarily

defined as the reduction of 1 mol of Fe** to Fe®* (180).

2.4.7.22. CUPRAC (Cupric Reducing Antioxidant Capacity)
Assay

This method is a variant of the FRAP assay using Cu instead of Fe. It is
based on the reduction of Cu®** to Cu® by the combined action of all reducing
agents in a sample. It was first developed by a group of Turkish scientists (187).
The assay uses a specific compound neocuproine (2,9-dimethyl-1,10-
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phenanthroline) to generate the chromogenic oxidizing agent, Cu?'-

Neocuproine.

Copper has superiorities over iron for antioxidant assays such as all sorts
of antioxidant molecules, including glutathione, can be detected with little
interference from reactive radicals. Copper has a relatively lower redox potential
than iron, therefore its reactions are more selective, and common interferences
with FRAP are not observed in CUPRAC. In addition to this, copper has a faster

reaction kinetics than that of iron (178).
2.4.7.3. The Methods Using Both HAT and SET
2.4.7.3.1. DPPH (2,2-Diphenyl-1-picrylhydrazyl) Assay

DPPH" scavenging assay is one of the oldest methods used for the
purpose of determining antioxidant capacity. The DPPH radical, which bears a
deep purple color, is one of the very few stable organic nitrogen radicals;
therefore it does not have to be generated before the test. The method was first
described by Blois in 1958 (188). This assay is based on the measurement of
the reducing ability of antioxidants toward DPPH'. The DPPH radical is reduced
to the yellow-colored diphenyl-picryl hydrazine in the presence of an
antioxidant. This discoloration reaction can be monitored spectrophotometrically
at 517 nm, and mainly based on SET reaction, and HAT mechanism can be
observed rarely. The percentage of the remaining DPPH' is proportional to the
antioxidant concentration, and the concentration which induces a decrease in
the initial DPPH - concentration by 50% is defined as ECs (178,180).

2.4.7.3.2. ABTS (2.2’-azinobis(3-ethylbenzthiazoline-6-sulphonic
acid) Assay

The ABTS scavenging method was first described by Miller et al. in 1993
(189) and later modified by Re et al. in 1999 (190). In this assay, ABTS is
oxidized by peroxyl radicals or other oxidants to its radical cation, ABTS™, which
has an intense color. Antioxidant capacity is measured as the capability of test

compounds to decolorize the ABTS™ by reacting directly with it (178).

79



ABTS™ can be generated by either chemical reaction like manganese
oxide (191), potassium persulfate (190) or enzyme reactions like metmyoglobin
(189) or horseradish peroxidase (192). Usually, chemical formation of the
radical requires long time or high temperature, whereas enzyme formation
occurs faster and the reaction conditions are relatively milder (178). An
important advantage of this method is that ABTS™ is soluble in both aqueous
and organic solvents, and it is resistant to ionic strength. Therefore, it can be
used in a diverse array of media to determine both hydrophilic and lipophilic

antioxidant capacities of extracts or body fluids (193).
2.4.7.4. Antioxidant Capacity In Vivo

The capacity of antioxidants in vivo is determined by many factors which
are summarized in Figure 2. One of these factors is the bioavailability. The
antioxidant molecule should be well absorbed, distributed, and properly retained
in biological fluids and tissues. The bioavailability of various well known
antioxidant molecules, and the importance of dosage and duration of the
treatment have been investigated by analysis of biological fluids and tissues of
mostly experimental animals, and sometimes humans, after the consumption of
antioxidants (103).
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Elucidation, understanding, and evaluation of antioxidant action, capacity, and efficacy

Figure 2: Factors effecting in vivo antioxidant studies [Adapted from Niki
(103)].

Another factor that should be taken into consideration is the role of
antioxidants in gastrointestinal tract. An ordinary diet contains numerous
prooxidants including metals such as iron, copper, and haem, nitrite, lipid
peroxides, and aldehydes (194). Even the gastric juice, itself may promote lipid
peroxidation (103).

The capacity and efficacy of antioxidants in vivo might be evaluated most
precisely by the effect of antioxidant compounds and materials on the level of
oxidation in biological fluids and tissues, such as plasma, serum, erythrocytes,
and cerebrospinal fluids from humans and experimental animals. Reliable
biomarkers play a major role for this purpose and many biomarkers have been
applied to calculate the level of oxidation in vivo. These are, as already
mentioned, oxidation products of lipids, oxidative-based alteration and
expression of proteins and carbohydrates, oxidation products of DNA bases and
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strand breaks of DNA, itself. Table 22 summarizes frequently used oxidative

stress biomarkers (103).

Table 22: Oxidative stress biomarkers

Lipids Proteins DNA
Ethane and pentane in Protein carbonyl Comet Assay
exhaled gase

Hydroperoxide 8-Hydroxyguanine
TBARS

Disulfide -SS— 5-Hydroxyuracil

Conjugated diene
Advanced oxidation products

Hydroperoxide

Myeloperoxidase
Aldehydes

Cleavage products
Isoprostane

Halogenated amino acids
Oxidized LDL

2-, 8-Hydroxyadenine

8-bromo-, chloro-, nitro-
guanine

[Adapted from Niki (103)]

Furthermore, the levels of antioxidants the ratio of their oxidized/reduced

forms and their oxidation products are also important in determining oxidative

stress. For example, the ratio of oxidized/reduced forms of glutathione

increases with the increase of oxidative stress (195).

The effects of numerous antioxidants on the degree of oxidative stress

biomarkers have been assessed in many studies of experimental animals and

humans under both normal conditions and elevated oxidative stress. The

measuring of antioxidant biomarkers of oxidative stress can be performed by

using different methods such as (103):

1. Antioxidant compound level: Total

antioxidant capacity,

antioxidant molecules i.e. glutathione, uric acid, or antioxidant

vitamins.

2. Antioxidant enzyme level: SOD, CAT, GPx, GST, etc.

3. Oxidation product of an antioxidant: Tocopheryl quinone
4. Ratio of oxidized to reduced form of an antioxidant: GSSG/GSH
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2.4.8. Carbon Tetrachloride (CCly)

CCly is a colorless liquid with a sweet smell that can be detected at low
levels. It contains four chlorine atoms positioned symmetrically as corners in
a tetrahedral configuration joined to a central carbon atom by single covalent
bonds. It was formerly widely used in fire extinguishers, as a precursor
to refrigerants, and as a cleaning agent (196,197). Although there are some

other ways of its synthesis, it is mainly produced from methane (197).

Today CCl, is much used as an experimental model in the hepatotoxicity
and in vivo antioxidant studies. CCl, is a hepatotoxic chemical which requires
metabolic activation in the liver. In fact, the liver is the major site for CCl,-
induced effects, yet no specific receptor is necessary for the actions of CCl,.
Mitochondria, endoplasmic reticulum, Golgi apparatus and plasma membrane
are the main cellular structures of hepatocytes affected by CCl,; exposure.
Following the oral administration, CCl, is concentrated in the liver and reaches
a maximum degree of about 1 mg per gram of liver tissue within 1 to 2 hours of
dosing (196).

CCl, induces severe oxidative stress in vivo. Sustained exposure to CCl,
results in increased free radical formation, therefore biochemical alterations are
prone to occur and can appear in different cell fractions at different times after
the administration. The level of microsomal lipids rises 3 hours after
administration. Triglyceride secretion from the endoplasmic reticulum into
plasma diminishes within 2 hours. CCl; causes uncoupling of oxidative
phosphorylation and impairment of Ca®* transport in mitochondria (196,198).

The metabolism of CCl, starts with the generation of the trichloromethyl
free radical (CCly) via the actions of the mixed function CYP450 oxygenase
system of the endoplasmic reticulum. This course involves reductive cleavage
of a carbon-chlorine bond, and no oxygen is introduced into the molecule during
the reaction. The major cytochrome isoenzyme to carry out the
biotransformation of CClsis CYP2EL, but CYP2B1 and CYP2B2 can also attack
CCl. Although CCls; metabolism in humans is dominated by CYP2E1l at
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environmentally relevant concentrations, CYP3A significantly contributes at
higher doses (196,198).

The CClIz radical reacts with various biologically important substances
such as fatty acids, nucleotides and amino acids, and also lipids, nucleic acids
and proteins. The rate constants for these reactions are generally lower than
10° M?' s?, but large rises are found when the reaction continues in the

presence of oxygen (196).

Figure 3 summarizes the metabolism of CCl,involving free radicals. CClg
radical is converted to the trichloromethyl peroxy radical, CClz00O". This is a
more reactive radical, and it is more short-lived than the CCls. The lifetime of
these radicals is within the milliseconds range, and they are cleared from the
target tissues by reacting with appropriate substrates in order to rehabilitate
their unpaired electrons. CCI;00' is far more likely than CCl; to abstract a
hydrogen from polyunsaturated fatty acids (PUFA), resulting in the initiation of
the chain reaction of lipid peroxidation (196). Metabolism of CCl, by rat liver

microsomes gives rise to covalently bound lipids, mostly phospholipids.

The abstraction of a hydrogen atom from fatty acid initiates a full series of
reactions causing the termination of the complete disintegration of PUFA
molecule and the formation aldehydes like malondialdehyde (196,198).

Another complication of the CCl, administration is the reduction in the
activities of antioxidant enzymes such as SOD, CAT, GPX (199). This decrease
in the activities is mainly due to the accumulation of free radicals and the
excessive use of these defensive enzymes (200).
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+ H,0

CO + 2 HC

CO, + 2 HCl

ROOH + R¥* ———» chain reaction

!

alkanes, alkanals, alkenals, 4-OH-alkanals

Figure 3: Metabolism of CCl, in the presence of oxygen and organic molecules.

RH generally represented by PUFA [Transferred from Weber et al. (196)]
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3. MATERIALS AND METHODS

3.1. Materials

3.1.1. Plant Material

The leaves and fruits of Cornus mas L.

were collected from the

wilderness in Susurluk, Balikesir province of Turkey, in the second week of

June, 2010. The fruits of Laurocerasus officinalis Roem. were collected from the

campus area of Yeditepe University, Istanbul, Turkey, and those of Diospyros

kaki L. were purchased from a local market in September, 2010. The fruits

were identically selected in terms of shape, color and the ripening stage. The

leaves were dried in shade for one week, and later powdered.

The plant materials were authenticated by Prof. Dr. Erdem Yesilada

before any process. Voucher specimens for Cornus mas L. (YEF 10005),

Diospyros kaki L. and Laurocerasus officinalis Roem. (YEF 10007) were

deposited in the herbarium of Faculty of Pharmacy, Yeditepe University,

Istanbul, Turkey.

3.1.2. Chemicals & Solvents

‘ 1,1,3,3-Tetramethoxypropane

2,2'-Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid
diammonium acid (ABTS)

2,2-diphenyl picryl hydrazil
2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ)
2-Thiobarbituric acid
3-(Cyclohexylamino)-1-propanesulfonic acid (CAPS)
Acetic acid

Aluminum chloride

Ammonium acetate

Ammonium molybdate

Ascorbic acid

Beta-carotene

Bovine serum albumin

Sigma Aldrich; MKBB0326
Sigma Aldrich; 110M1879V

Sigma Aldrich; 056K1147
Fluka; BCBB4473

Sigma Aldrich; STBB0632
Sigma Aldrich; 119K5417
Riedel de Haen; 30990
Merck; 8.01081.1000
Carlo Erba; 313507
Riedel de Haen; 30590
Sigma Aldrich; 065K0003
Sigma Aldrich; 079K1729
Sigma Aldrich; 089K1624
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Butylated hydroxytoluene
Carbon tetrachloride
Chloroform

Copper sulphate
Dichloromethane
Epigallocatechin gallate

Ethyl acetate

Ethylenediaminetetraacetic acid disodium salt dihydrate
(EDTA)

Ferric chloride hexahydrate

Ferrous chloride tetrahydrate

Ferrous sulphate heptahydrate
Ferrozine

Folin-Ciocalteu Reagent

Gallic acid

Glutathione reductase from bakers yeast
Hydrochloric acid (37%)

Hydrogen peroxide (30% solution)
Kieselgel 60 F,s4 (0.063 — 0.200 mm)
lodonitrotetrazolium chloride (INT)
L-Glutathione (reduced)

Linoleic acid

Methanol

n-Butanol

n-Hexane

Neocuproine

Polyamide(for column chromatography)
Potassium persulfate

Potassium sodium tartarate

Quercetin dehydrate

Reduced nicotinamide adenine dinucleotide phosphate
(NADPH)

Silicagel 60 F,54 Aluminium sheet
Sodium acetate trihydrate
Sodium carbonate

Sodium dodecyl sulphate
Sodium hydroxide

Sodium phosphate monobasic
Sulfuric acid (98%)
Trichloroacetic acid

Trizma base

TROLOX

Tween 20

Sigma Aldrich; MKBD8339
Merck; 1.02222.2500
Lab-Scan; 0344/6

Carlo Erba; 364757
Merck; 1.06044.2500
Teavigo; WB00044001
Sigma Aldrich; SZBA113S

Sigma Aldrich; BCBC1356

Riedel de Haen; 41250

JT Baker; 0703801013

JT Baker; 0632701017
Sigma Aldrich; MKBD0707
Sigma Aldrich; BCBD5119
Fluka; 1126284

Sigma Aldrich; 069K7420
Sigma Aldrich; SZBA2250
Riedel de Haen; 62340
Merck; 1.10757.1000
Sigma Aldrich; 0001437943
Sigma Aldrich; 010M1469
Sigma Aldrich; 058K52082
Sigma Aldrich; SZE9365S
Fluka; 52150

Sigma Aldrich; SZBA0655
Sigma Aldrich; 120M1890V
Merck; 0001447805

Sigma Aldrich; MKBG5868V
Carlo Erba; 363457

Sigma Aldrich; 116K1836

Sigma Aldrich; 010M1380

Merck; 1.107571000
Riedel de Haen; 33450
Riedel de Haen; 2217A
Merck; 8.2205.1000
Riedel de Haen; 60030
Riedel de Haen; 62840
Riedel de Haen; 62260
Riedel de Haen; 23100
Sigma Aldrich; 069K5405
Sigma Aldrich; BCBF4547V
Merck; 8.22184.0500
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Vanillin
Xanthine oxidase from bovine milk
Xanthine sodium

3.1.3. Equipments

Balance

Beaker (50, 100, 250 mL)

Centrifuge

Eppendorf tubes (1.5 mL)

Erlenmayer flask (50, 100, 250 mL)
Hairdryer

Lyophilizator

Micropipette (100-1000 microlt)
Micropipette (500-5000 microlt)
Micropipette (5-50 microL, 20-200 microlt)

Microplate reader

Milli Q water device

Oven

pH meter

Polypropylene tubes (16 x 100 mm)
Refrigerator

Rotatory evaporator
Spectrophotometer

Ultrasonic bath

Volumetric flasks (5, 10, 25, 50, 100, 200, 500, 1000 mL)

Vortex
Waterbath

Fluka; 1435805

Sigma Aldrich; 001M7013V

Sigma Aldrich; 030M1599

Ohaus Explorer

Sigma 3-16 PK

Arcelik

Christ Alpha 2-4 LD
Isolab

Rainin

Transferpette

Thermo Multiskan Ascent
Millipore

Binder

Mettler-Toledo MP220

Argelik

Buchi, Heidolph
Spekol 1300
Sonorex RK156BH

Heidolph Reax
GFL
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3.2. Methods
3.2.1. Chemical Studies
3.2.1.1. Extraction

The plant materials were subjected to subsequent extraction in order to
perform phytochemical and activity studies. Primary extraction was carried out
using 80% MeOH and the yielded extracts were used for both in vitro and in

Vivo activity tests.

2 kg of each fruit were pre-washed to remove contaminants and their
seeds were separated. The remaining pulps were blendered and then
lyophilized. Dried fruit samples (200 g) were then extracted twice with 80%
methanol (500 mL) at 45 °C for 4 h with continuous stirring. The combined
extracts were filtered through a filter paper and the filtrates were evaporated to
dryness under reduced pressure. The residues were dissolved in water and

lyophilized again.

The dried and powedered leaves of C. mas (280g) were macerated 24 h
with 2200 mL of 80% MeOH. Later, the macerates were extracted twice at 45
°C for 4 h with continuous stirring, then filtered. After removing MeOH under

vacuum, the extract was lyophilized.

Table 23: The extraction yields with 80% MeOH (g/qg)

Plant name Part used Yield (%)
Leaf 19.86
Cornus mas
Fruit 19.69
Diospyros kaki Fruit 17.41
Laurocerasus officinalis Fruit 13.72
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3.2.1.2. Activity Guided-Fractionation of Extracts

80% methanolic extract prepared from the leaves of C. mas was found to
show the highest activity in both in vitro and in vivo tests. Therefore, it was

subjected to further fractionation in order to isolate active compound(s).

45 g of 80% methanolic extract was dissolved in 100 mL of 90% MeOH
in H,O and then patrtitioned 4 times with 100 mL of n-hexane, and then MeOH
in the remaining extract was removed and diluted with H,O to 100 mL. The
agueous extract was partitioned 4 times successively with chloroform, ethyl
acetate, n-butanol (saturated with water). The organic layers were dried
vacuum while the remaining H,O extract was lyophilized (Figure 4). Percent
yields of each subextract were as follows (g/g):

Table 24: The extraction yields of subfractions

Subextract Yield (%)
n-Hexane 1.8
Chloroform 11.2
Ethyl acetate 5.58
n-Butanol 22.07
Remaining H,O 59.36
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45°C, 4 h (x2) 80% MeOH (2.2 L)

+ MeOH : H,0 (90:10)
n-Hexane (4 x 100 mL)

MeOH : H,O evaporated ‘

CHClI3 (4 x 100 mL)

EtOACc (4 x 100 mL)

(2.51 g, 5.58%)
n-BuOH (4 x 100 mL)

Figure 4: Liquid-liquid extraction of the crude MeOH extract of the leaves of
Cornus mas L. (CM)
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3.2.1.3. Chromatographic Methods
Thin Layer Chromatography (TLC)

TLC was used in order to monitor the isolation studies in this research.

Silica gel — coated aluminum plates were used for this purpose:

Stationary phase: Kieselgel 60 Fs4 0.200 mm (Merck)
Mobile phases:

1. Chloroform : Methanol (95 : 5)

Chloroform : Methanol : Water (90: 10: 1)
Chloroform : Methanol : Water (80 : 20 : 2)
Chloroform : Methanol : Water (70 : 30 : 3)
Chloroform : Methanol : Water (61 : 32 : 7)

o ~ wN

Visualization: 5% H,SO, (A)
1% Vanillin/H,SO4 (A)
The plates were observed under UV light with the wavelengths of 254
and 360 nm.

Polyamide Columnn Chromatography

According to in vitro antioxidant activity tests, EtOAc extract of C. mas
showed the highest activity. Therefore, EtOAc extract was chosen for further
studies.

Polyamide column chromatography was used in fractionation process of
the bioactive extract. 20 g of polyamide was mixed with H,O and kept in room
temperature for a certain period of time. Then, this suspension was filled inside
a suitable size of glass column and left still for allowing the adsorbent to settle
properly in the column. The mobile phase was ranged from MeOH : H,O (0 :
100) to (100 : 0). 10 different fractions were obtained from this column. The

details of experimental process were given in Figure 5.
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Sephadex Column Chromatography (Gel Filtration)

Sephadex column chromatography was used in the purification process
of the fraction obtained after polyamide column. 12 g of Sephadex LH-20 was
mixed with MeOH and kept in room temperature for a certain period of time with
stirring. Then, this suspension was filled inside a proper glass column and left
still for allowing the adsorbent to settle properly in the column. 100 mL of MeOH

was used as eluent. The details of experimental process were given in Figure 5.
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Polyamide (20 g)
MeOH (0 — 100%)

CM-EtOAc

29

Figure 5: Isolation of CM-1

Fr.1-3
105.5 mg

Fr.4-7
167.2 mg

Fr. 8-10
292.3 mg

Fr.11-12
78.8 mg

Fr. 13-15
125.6 mg

Fr. 16-17
103.6 mg

Fr. 18-19
155.5 mg

Fr. 20-23
161.6 mg

Fr. 24-27
85.3 mg

Fr. 28
40.9 mg

Sephadex-LH20 (12 g)
MeOH

CM-1
12 mg
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3.2.2. Antioxidant Activity Studies
3.2.2.1. Invitro activity studies
3.2.2.1.1. Determination of Total Phenolic Content

The total phenolic content of the samples was calculated by using the
method described by Singleton and Rossi (201). This is a colorimetric assay,
involving a blue molybdenum-tungsten complex in the presence of phenolics by
using Folin-Ciocalteu Reagent (FCR). This complex can be detected
spectrophotometrically at 765 nm. The chemistry behind this assay relies on

SET in alkaline medium.

The Chemicals and Reagents
= Na,COsj 20% in H,O
» Folin-Ciocalteu Reagent

s  Gallic acid

The Procedure

100 uL of FCR and 300 yL of Na,COs solution (20%) were added to 20
ML of sample in a closed-cap polypropylene tubes. Then, the volume was
completed to 2000 uL with doubly-distilled water. After a 30 minute-incubation
period at 45 °C, the absorbance was read at 765 nm. Gallic acid was used as
standard subtance, and a calibration curve was plotted in the concentrations of
50, 100, 150, 250, 500 pg/mL. All experiments were performed triplicate. The
results were given as mg gallic acid equivalents per g material (mg GAE/g

sample).

3.2.2.1.2. Determination of Total Flavonoid Content

The total flavonoid content of the samples were measured according to
the aluminum chloride method described by Woisky and Salatino (202). This

method depends on the formation of acid stable complexes by AICl; with the C-
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4 keto group and either C-3 or C-5 hydroxyl groups of flavones or flavonols.
Besides, AICI; also forms acid labile complexes with ortho-dihydroxyl groups in
the A- or B- ring of flavonoids (203).

The Chemicals and Reagents

s Ethanol 95%
s  Aluminum chloride 10% in H,O
s Potassium acetate 1M

» Quercetin

The Procedure

500 pL of samples dissolved in d.d. water were mixed with 1500 uL of
95% ethanol, 100 pL of 10% aluminum chloride solution, 100 uyL of 1M
potassium acetate. Later, the final volume was adjusted to 5000 pL with doubly-
distilled water. Following the incubation period at room temperature for 30 min,
the absorbance was read at 415 nm. Quercetin, dissolved in methanol, was
used as the standard substance, and a calibration curve was plotted in the
concentrations of 15.625, 31.25, 62.5, 125, 250, 500 pg/mL. All of the
measurements were done triplicate. The total flavonoid content of the samples

was expressed as mg quercetin equivalents per g material.

3.2.2.1.3. Determination of Total Proanthocyanidin Content

The total proanthocyanidin content of each sample was measured by
using vanillin-HCI method described by Ariffin et al. (204). The principle of this
assay is as follows: Vanillin is protonated in an acid solution, giving a weak
electrophilic carbocation that reacts with the flavonoid ring at the C-6 or C-8
position. This intermediate compound is dehydrated to give a red colored
compound (205).

The Chemicals and Reagents

= Vanillin 1% in MeOH
s HCI OM
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» Epigallocathecin gallate (EGCG)
The Procedure

2500 pL of 1% vanillin dissolved in methanol and the same volume of 9
M HCI in methanol were added to 1000 pL of sample in a closed-cap
polypropylene tube. The mixture was incubated for 20 min at 30 °C. The
absorbance was measured at 500 nm. Epigallocatechin gallate was used as the
standard substance, and a calibration curve was plotted in the concentrations of
10, 20, 50, 100, 200, 500, 1000 ug/mL. The assays were run in triplicate. The
total proanthocyanidin content of the samples was expressed as mg
epigallocathecin gallate equivalent (EGCG-E) per g material.

3.2.2.1.4. Determination of DPPH Radical-Scavenging Activity

The scavenging activity of the samples against DPPH radical by using
the method described by Akter et al. (206). The basic principle of the assay is

as described in the section 2.4.7.3.1.

The Chemicals and Reagents
 DPPH 0.1 mM in MeOH

The Procedure

1000 pL of properly diluted samples were separately added to 5000 yL
0.1 mM DPPH solution prepared in methanol just before use. The mixture was
vortexed and incubated in the dark for 50 min at room temperature. The
absorbance was measured at 517 nm. Milli Q water was used in the control
group instead of samples, and the same procedure was applied. Butylated
hydroxy toluene was used as the reference substance. DPPH scavenging
activity of the control group, the reference substance and the samples were
calculated as follows:

. L. (ABSControl_ ABSSampIe)
DPPH scavenging activity ( — X 100

ABSControl
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“ABScontrol” is the absorbance value of the control group; “ABSsampie” is
the absorbance of the samples. The activity was expressed as ECs, values
corresponding to the concentration which shows 50% activity.

3.2.2.1.5. Determination of Superoxide Radical Scavenging Activity

Superoxide radical scavenging activity was performed following the
method described by Aydin et al. (1) after adaptation for plant material. In this
assay, the superoxide radical was generated through xanthine/xanthine oxidase
system. The generated radical reacts with iodonitrotetrazolium (INT) and forms
violet-colored formazan dye. The absorbance of the color can be measured
spectrophotometrically at 505 nm. The reaction is inhibited in the presence of a

superoxide radical scavenger, and the inhibition percentage is calculated (1).

The Chemicals and Reagents

» Xanthine sodium 0.05 mM
s INT 0.025 mM
= CAPS 50 mM

« EDTA 0.94 mM
s Xanthine oxidase 80 U/L

The Procedure

The substrate mixture was prepared in a volume of 60 mL containing
0.05 mmol/L xanthine sodium, 50 mmol/L CAPS and 0.94 mmol/L EDTA. The
pH was adjusted to 10.2 by adding NaOH pellets. 0.025 mmol/L INT was added

to this mixture.

25 pL of properly diluted samples were mixed with 1700 uL of the
substrate mixture in a 3 mL-glass UV cuvette. Finally, 250 pL of 80 U/L xanthine
oxidase was added to the mixture, and the absorbances in 30" (A;) and 210"
(Az) seconds at 505 nm were recorded. Water was used instead of sample
solution in the control group. Gallic acid was used as the reference substances.

The same procedure was applied to both control and reference groups. The
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absorbance change of control, sample and reference groups per minute was
calculated as:

AA/min = _Ae—AL

3

The inhibition percentage of both samples and the reference was calculated
against the control group as follows:

AA /min X 100
Inhibition (%) = sample

AlA\controI/rnin

The activity was expressed as ECsg, values corresponding to the concentration

which shows 50% activity.

3.2.2.1.6. Determination of Ferric Reducing Antioxidant Power
(FRAP)

FRAP activity was measured by the assay of Benzie and Strain (185).
This assay uses antioxidants as reductants in a redox-linked colorimetric
method. Ferric tripyridyl triazine complex (Fe** TPTZ) is reduced to ferrous form
at low pH. The reduced form has an intense blue color and the change in
absorption at 593 nm is measured. The reaction is non-specific, in that any half
reaction that has lower redox potential than that of ferric ferrous half reaction
will cause the formation of ferrous ion. The change in absorbance is thus,

directly related to the reducing power of the electron donating antioxidants.

The Chemicals and Reagents
» FRAP Reagent:

A. Acetate buffer 300 mM, pH 3.6
B. TPTZ 10 mM in 40 mM HCI
C. FeCls. 6H,0 20 mM

The working FRAP reagent was freshly prepared by mixing A,
B and C in the ratio of 10:1:1.
s FeSO,4 7H,0O
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The Procedure

10 L of properly diluted samples and 30 pL of Milli Q water were mixed
with 260 pL of working FRAP reagent in a microplate. The mixture was
incubated at 37°C for 30 min. After the incubation period, the absorbance was
read at 593 nm using a 96-well microplate reader. Water was used for the
control group instead of sample. A standard curve was prepared using different
concentrations of FeS0O,4.7H,0O (0.25, 0.5, 1, 2 mM). Butylated hydroxy toluene
was used as the reference substance. The results were expressed as mM

FeSO, per g material.

3.2.2.1.7. Determination of Cupric Reduced Antioxidant Capacity
(CUPRAC)

CUPRAC was measured according to the method developed by Apak et
al. (187) with slight modifications. This method was developed as an antioxidant
capacity index for dietary polyphenols and plant materials. The method is based
on the measurement of absorbance at 450 nm of a stable complex between
neocuproine and copper (1), the latter is formed by the reduction of copper (II) in

the presence of an antioxidant molecule.

The chemicals and reagents

s CuSOq4 1mM
= Neocuproine 7.5 mM in MeOH
s Ammonium acetate buffer 1000 mM, pH 7.0

The Procedure

1000 uyL of each of 10 mM CuSO,, 7.5 mM neocuproine, and 1 M
ammonium acetate buffer (pH 7.0) solutions were mixed in a test tube. Later,
500 pL of sample solution was added, and the final volume was completed to
4100 pL with Milli Q water. Following the 1 h incubation at room temperature,
the absorbance was recorded at 450 nm. Ascorbic acid was used as the

standard substance, and a calibration curve was plotted in the concentrations of
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10, 20, 50, 100, 200 pg/mL. The results were given as mg ascorbic acid
equivalent (AAE) per g material.

3.2.2.1.8. Determination of Ferrous lon-Chelating Capacity

The ferrous ion-chelating capacity was calculated according to the
method described by Guo et al. (207). In this method, ferrozine forms
complexes with ferrous ion quantitatively. In the presence of a chelating agent,
the formation of this complex is disrupted, and the formation of color caused by
this complex is inhibited.

The Chemicals and Reagents
» Ferrozine 5 mM
L FEC|2.4H20 2mM

The Procedure

1 mL of each sample was mixed with 50 pL of FeCl,.4H,O (2 mM) and
3.7 mL of distilled water. The reaction was initiated by the addition of 200 L of
ferrozine (5 mM). The mixture was allowed to incubate for 10 min at room
temperature, and then the absorbance was measured at 562 nm. EDTA was
used as a reference compound. The activity was calculated by using the same

formula which was used for DPPH radical scavenging activity.

3.2.2.1.9. Determination of Total Antioxidant Capacity

The total antioxidant capacities of the samples were measured by the
phosphomolybdenum method developed by Prieto et al. (208) with slight
modifications. The assay is based on the reduction of Mo (VI) to Mo (V) by the
antioxidant compounds and subsequent formation of a green phosphate/ Mo (V)

complex at acidic pH.
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The Chemicals and Reagents

» The Reagent Solution:

= Sodium phosphate monobasic 28 mM
=  Ammonium molybdate 4 mM
= Sulfuric acid 600 mM

The Procedure

3000 pL of the reagent solution was mixed with 300 pyL of properly
diluted samples. The tubes containing the mixture were tightly capped and
incubated at 95°C for 90 min. After the incubation period, the samples were
cooled to room temperature, and the absorbance was read at 695 nm. Ascorbic
acid was used as the standard substance and a calibration curve was plotted in
the concentrations of 10, 20, 50, 100, 200 yg/mL. The results were given as mg
ascorbic acid equivalent (AAE) per g material.

3.2.2.1.10. Bleaching assay of B-carotene in a linoleic acid system

This assay was performed according to a method described by Zovko
Koncic et al (209). It is based on the ability of antioxidants to decrease the heat-
induced oxidative bleaching of 3-carotene in B-carotene/linoleic acid emulsified
agueous solution. The basic principle of this method was expressed in detail in
the section 2.4.7.1.4.

The Chemicals and Reagents
s [-carotene (in CHCI3) 200 pg/mL
» Linoleic acid

s Tween 20

The Procedure

20 pL of linoleic acid and 200 pL of Tween 20 were pipetted to a 100
mL-round bottom flask. 1000 uL of B-carotene solution in chloroform (0.2
mg/mL) was added. After chloroform was removed in a rotatory evaporator, 50

mL of distilled water was added to the oily residue with shaking vigorously to
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form an emulsion. 5000 pL aliquots of the emulsion were pipetted into test tubes
containing 200 yL sample or distilled water or reference and left for incubation
at 50 °C for 1 h. The absorbance was read at 470 nm. BHT was used as

reference substance.

The antioxidant activity (Ax) was expressed as inhibition percentage

relative to control, using the formula:

AA = [( Rcomrol - Rsample or reference) / Rcontrol] X 100,

where Rconroi @Nd Rsampie represent the bleaching rates of B-carotene
without and with the addition of antioxidant, respectively. Degradation rates (Rp)

were calculated according to first order kinetics:
Rp =1In (Ao / A) x (111),

where (In) is natural log, (Ao) is the initial absorbance at 470 nm att=o0

and (A)) is the absorbance at 470 nm at t = 60 min.

3.2.2.1.11. Determination of Trolox Equivalent Antioxidant Capacity
(TEAC)

TEAC was determined as previously described by Re et al. (190). The

basic principal of this method was explained in the section 2.4.7.3.2.

The Chemicals and Reagents

» ABTS 7mM
» Potassium persulfate 140 mM
s Trolox

The Procedure

Briefly, 5000 pyL of 7 mM ABTS was reacted with 88 pyL of 140 mM
potassium persulfate solution (final concentration equals to 2.45 mM) overnight
in the dark to generate ABTS radical cation. Later, ABTS" solution was diluted
with ethanol to an absorbance of 0.7 + 0.05 at 734 nm. 20 pl of properly diluted

samples was mixed with 2000 uL of diluted ABTS" solution. The absorbance
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was measured 6 min after the initial mixing at 734 nm. A standard curve was
prepared using different concentrations of Trolox (125, 250, 500, 750, 1000
HMM). TEAC was expressed as uM Trolox equivalent per g dry extract
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3.2.2.2. Invivo Activity Studies
3.2.2.2.1. In vivo Experimental Protocol

The experimental protocol was approved by the Ethical Committee of
Yeditepe University Experimental Medicine Research Institute (Decision
number: 2012/246), and the use of animals was in compliance with US National
Institute of Health Guide for Care and Use of Laboratory Animals.

Sprague — Dawley rats, weighing 200 — 250 g, were used in the course of
study. The animals were provided by the Yeditepe University Experimental
Research Center (YUDETAM). They were kept in Plexiglas cages in a room of
which temperature and humidity were controlled with 12 h light and dark cycle,

and they had free access to food and water.
3.2.2.2.2. Experimental Protocol on Healthy Animals

Rats were divided into 6 groups with 6 animals in each group with an
average weight of 180 — 200 g. Control group received distilled water containing
0.5% carboxymethylcellulose (CMC) p.o. for 21 days. Reference group received
50 mg/kg bodyweight silymarin p.o. The test groups received 80% methanolic
extracts of fruits of cornelian cherry, Japanese persimmon and cherry laurel,
and also 80% methanolic extract of cornelian cherry leaves for 21 days. The
animals were decapitated on day 22. Their blood samples were collected and

their livers were dissected for further analysis.
3.2.2.2.3. Experimental Protocol on CCl, — Treated Animals

This experimental protocol was accomplished according to the method

described by Huang et al. (210) with slight changes.

Rats in this protocol were divided into 6 groups. Control group received
distilled water containing 0.5% carboxymethylcellulose (CMC) p.o. for 5 days
and olive oil (1 mL/kg body weight, s.c.) CCl, — treated group received 0.5%
CMC for 5 days, and a 1:1 mixture of CCl; and olive oil (2 mL/kg bodyweight,
s.c.) on days 2 and 3. Test group animals were administered 80% methanolic

extract of cornelian cherry leaves at a dose of 100, 200 and 500 mg/kg
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bodyweight for 5 days. Additionally, they received a dose of 1:1 CCl, and olive
oil (2 mL/kg bodyweight, s.c.) on days 2 and 3, 30 min after the administration
of extracts. Reference group received 50 mg/kg bodyweight silymarin p.o. for 5
days, and also received 1:1 CCl, and olive oil (2 mL/kg bodyweight, s.c.) on
days 2 and 3, 30 min after the administration of silymarin. Animals were
decapitated on day 6, blood was collected and their livers were dissected for
further analysis.

3.2.2.2.4. Preparation of Total Blood Samples

Total blood samples were prepared according to the method described
previously (1).

After the decapitation of animals, fresh blood was collected into the

tubes containing EDTA. Each blood sample was centrifuged for 10 min at 4000

g and 4 °C. After removal of plasma and buffy coats, erythrocytes were washed

three times with two volumes of isotonic saline. Then, erythrocytes were lysed

with cold distilled water (1:4), stored in refrigerator at 4 °C for 15 min and the

cell debris were removed by centrifugation (2000 g for 10 min).
3.2.2.2.5. Preparation of Liver Homogenates

After the decapitation process, liver of each rat was removed and frozen
immediately on dry ice. The frozen tissues were stored at —80 °C until further
use. 10% (w/v) homogenates were prepared by mincing and homogenizing 1 g
of liver in 9 mL ice cold KCI solution (1.15%) with a glass homogenizer. The
homogenate was centrifuged at 4400 g and 4 °C for 15 min. The resultant
supernatant was used for the determination of enzyme activities and lipid

peroxidation.

3.2.2.2.6. Determination of Protein Content in Total Blood Samples

or Liver Tissues

The protein content of the samples was determined according to the
method developed Lowry et al. (211), also known as “Lowry Method”. It is a
copper-based assay depending on biuret reaction. In this reaction, peptides

containing three or more amino acid residues form a colored chelate complex
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with cupric ions (Cu®") in an alkaline environment containing sodium potassium
tartrate. This complex transfers electrons and therefore, reduces the Folin

Reagent, producing an intense blue color, which can be observed at 750 nm.

The Chemicals and Reagents

» Alkaline Copper Reagent

A. NayCOg; (in 0.1 N NaOH) 2%
B. CuSO,. 5H,0 0.5%
C. Sodium potassium tartrate 1%

Alkaline Copper Reagent is prepared by mixing 50 mL A, 1 mL B
and 1 mL C immediately before use.
» Folin-Ciocalteu Reagent 1:1 diluted

= Bovine Serum albumin

The Procedure

200 L of total blood or liver tissue homogenate was mixed with 1000 uL
of Alkaline Copper Reagent. The mixture was vortexed and kept at room
temperature for 10 min. Later, 100 uL of diluted Folin Reagent was added to the
mixture and incubated at room temperature for another 30 min. At the end of
the period, the absorbance was read at 750 nm. A standard curve was prepared
using different concentrations of bovine serum albumin solutions (100, 200,
500, 750, 1000 pg/mL).

3.2.2.2.7. Determination of Total Antioxidant Capacity of Total Blood

Samples and Tissue Homogenate

The same method described in the section 3.2.2.1.11 was used here with
the only exception of using erythrocyte lysates or tissue homogenates instead
of plant samples. The results were expressed as yM Trolox equivalent per mg

protein.
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3.2.2.2.8. Antioxidant Enzyme Activities
3.2.2.2.8.1. Determination of CuZnSOD Activity

CuzZnSOD activity was measured by the same method described in the
section 3.2.2.1.5. The only difference was total blood or tissue homogenate was

used instead of plant material or reference substance.

The total blood was diluted 400 times, and the tissue homogenate was
diluted 40 times before the assay. CuZnSOD containing standard solutions in
the concentrations of 0.217, 0.650, 1.30, 2.60, 5.20 U/mL was used for the

calibration curve.

The calculations were also performed as mentioned in the previous

section.

3.2.2.2.8.2. Determination of GSH-Px Activity

GSH-Px activity was determined according to the method described by
Pleban et al. (212). Basically, reduced glutathione (GSH) is converted to
oxidized glutathione (GSSG) by GSH-Px in the presence of tert-butyl
hydroperoxide. The generated GSSG is re-converted to GSH by glutathione
reductase. During this process NADPH is consumed; therefore decrease in the
NADPH concentration is expected.

The Chemicals and Reagents

s The reaction mixture

= Trizma buffer 50 mM, pH 7.6
= EDTA 1mM
= GSH 2 mM
= NADPH 0.2 mM
= Sodium azide 4 mM
» Glutathione reductase 1000 U/L
» tert-Butyl hydroperoxide 1:1000 diluted
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The Procedure

Total blood was diluted 15 times, and tissue homogenate was diluted 17
times before the assay. 990 uL of the reaction mixture was pipetted into a 1 mL-
cuvette. Then, 10 pL total blood or tissue homogenate is added and the mixture
was incubated for 5 min at room temperature. The reaction was initiated with
the addition of 10 yL of tert-butyl hydroperoxide and the decrease in NADPH
absorbance was followed at 340 nm for 3 min. The difference in absorbance per
minute is calculated. The calibration curve was plotted with standard GSH-Px
solutions in the concentration of 0.1, 0.2, 0.3, 0.4, 0.5 U/mL.

3.2.2.2.8.3. Determination of CAT Activity

As mentioned earlier, catalase converts H,O, to H,O and molecular
oxygen. Catalase activity was determined according to the method developed
by Aebi (213). The principal of this method relies on the conversion of H,O, by
CAT in a time-dependent manner. The decrease in the absorbance of H,O, can

be monitored at 240 nm.

The Chemicals and Reagents
» Phosphate buffer 50 mM, pH 7.0

» Hydrogen peroxide solution 30 mM

The Procedure

Prior to the test, the sample (either total blood or tissue homogenate)
was diluted 5000 times. 2000 pL of diluted sample was transferred in a glass
cuvette and 1000 pL of hydrogen peroxide solution was added. The reduction
rate of H,O, was followed at 240 nm for 60 seconds at room temperature. For a
blank test, 1000 uL of buffer was added to the same amount of sample and the
same procedure was followed. For the calibration curve, standard CAT solution
was prepared in a concentration range of 0.01 — 0.035 KU/mL. The inhibition
percentage was calculated as follows:

Inhibition % = 100 —

AAbIank /min
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The calibration curve was plotted with the percent inhibition of standard
solutions against the logarithm of their concentrations.

3.2.2.2.9. Determination of Malondialdehyde Level

As already mentioned, malondialdehyde is an end—product and
therefore, a reliable sign of lipid peroxidation. The principle of the assay
depends on the reaction of MDA with thiobarbituric acid (TBA) and forming pink
colored MDA-TBA complex. The formation of this complex can be observed at
532 nm. The MDA levels were determined in total blood according to the
method described by Aydin et al. (1) and in tissues by Jamall and Smith (214).

A) Determination of MDA in Total Blood

The Chemicals and Reagents

» Trichloroacetic acid 15%

» Phosphate buffer 330 mM, pH 7.5
« EDTA 100 mM

» Thiobarbituric acid (in 0.05 N NaOH) 1%

The Procedure

250 pL of each of total blood samples, phosphate buffer and
trichloroacetic acid were mixed in 1.5 mL—eppendorf tubes. The mixtures were
vortexed and kept on ice bags in refrigerator (4 °C) for 2 h. At the end of the
period, the tubes were centrifuged at 4400 rpm and 4 °C for 10 min. 500 uL of
the supernatant was mixed with 38 yL of EDTA and 125 uL of TBA. The
mixtures were vortexed and kept on boiling water bath for 15 min. The
absorbance was recorded at 532 nm. The blank test was prepared by using 500
ML of phosphate buffer instead of supernatant under the same conditions.
1,1,3,3-tetramethoxypropane was used as standard for plotting the calibration
curve. The standard solutions were prepared in a concentration range of 0.76 —

3.04 nmol/mL. The results were given as nmol/mg protein.
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B) Determination of MDA in Tissues

The Chemicals and Reagents

» Sodium dodecyl sulfate (SDS) 8.1%
» Acetic acid sol. (pH 3.5) 20 %
» Thiobarbituric acid 0.8%

The Procedure

In a closed-cap polypropylene tube, 200 uL of sample or standard
substance, 200 uL of sodium dodecyl sulfate, 1500 yL of acetic acid solution
and 1500 uL of thiobarbituric acid solution were mixed. The volume was
completed to 4000 uL with Milli Q water. The tubes were kept at 95 °C for 1 h.
At the end of this period, they were cooled under tap water. Later, 2000 L of
the mixture was added to 2000 pL of trichloroacetic acid. They were centrifuged
at 1000 g for 10 min. The absorbance of the supernatant was read at 532 nm.
The same calibration curve that was used for total blood MDA assay was also

used here. The results were given as nmol/mg protein.
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3.2.2.3. Quantitative Analysis of Gallic Acid in C. mas leaves by
HPTLC

The amount of gallic acid in the 80% methanolic extract of C. mas leaves
was quantitatively measured by high performance thin layer chromatography
according to the validated method of Sonawane et al. (215). Chromatographic
separation was performed on Merck glass TLC plates precoated withsilica gel
60 F2s4. The HPTLC system (Camag, Hamilton, Switzerland) consisted of TLC
scanner 3 connected to a PC running WIinCATS software and Linomat V
sample applicator using 100 yL syringes and connected to a nitrogen tank. After
the application process, the plates were developed to 8 cm in a twin through
glass chamber (20 x 10 cm) presaturated with the mobile phase. Scanning was
performed using Camag TLC Scanner 3 at 254 nm and operated by WIinCATS

software.
Chromatographic Conditions
Mobile phase: Dichloromethane: Ethyl acetate: Formic acid (15: 12: 1)
Band length: 6 mm
Distance between bands: 10 mm
Gas flow: 100 nl/s
Slit dimension: 6.00 mm x 0.30 mm
Data resolution: 100 um/step
Micro scanning speed: 20 mm/s
Preparation of Standard and Sample Solution

100 mg of 80% methanolic extract of C. mas leaves prepared as
explained in section 3.2.1.1 was dissolved in 10 mL of methanol to obtain a final
concentration of 10 mg/mL. 5 yL of sample solution was applied in 5 different

spots.
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Calibration Curve of Gallic Acid

2 stock solutions gallic acid were prepared in methanol. The
concentration of the first stock solution was 0.02 mg/mL and that of second
stock solution was 0.1 mg/mL. 5 and 10 uL of stock solution 1 and 4, 6, 9, 12 uL
of stock solution 2 were spotted on TLC plates to obtain amounts of 100, 200,
400, 600, 900 and 1200 ng per spot of gallic acid.

Derivatization Agents

After the development process, the plates were dipped into two different

derivatization agents, subsequently:

a) Naturschtoff Reagenz A (NA): 1 g of 2-aminoethyl diphenyl borinate
is dissolved in 200 mL EtOAc.

b) Polyethyleneglycol 400 (PEG 400): 10 g of PEG 400 was dissolved
in 200 mL CH2C|2.

3.2.2.4. Statistics

The experiments were performed in triplicate. The results were
expressed as mean = standard deviation. Statistical comparisons were made
using one-way analysis of variance (ANOVA) followed by Students—Newman-—
Keuls post hoc test for multiple comparisons. Besides, Pearson correlation
coefficients were calculated. Statistically significant difference was defined as p
< 0.05.
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4. RESULTS

4.1. Results of In vitro Activity Studies
4.1.1. Total Phenolic Content of Fruit Extracts

The total phenolic contents of 80% methanolic extracts prepared as
described previously are given in Table 25, Figure 6. Among the three fruits
analyzed, Japanese persimmon showed the highest total phenolic content.
However, among the analyzed samples, the highest total phenolic content was

found in the leaves of Cornelian cherry.

Table 25: The total phenolic content of 80% methanolic extracts of the

examined plants

Cornelian Japanese Cornelian cherry
] Cherry laurel
cherry persimmon leaves

Total phenolic X .
A 31.25 £ 1.79°2 66.97 £ 2.41 23.64 £0.84°  342.6+10.71
content

 Total phenolic content was expressed as mg gallic acid equivalents (GAE) in 1
g dry extract.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

*dyalues with different letters within a row were significantly different (p < 0.05)
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Figure 6: Total phenolic content of 80% methanolic extracts. The results are

expressed as mg gallic acid equivalent per g dry extract.
4.1.2. Total Flavonoid Content of Fruit Extracts

The total flavonoid contents of 80% methanolic extracts are given in
Table 26, Figure 7. The results indicated that Japanese persimmon had the
highest total flavonoid content among fruits; however it was lower than the

content of cornelian cherry leaves.

Table 26: The total flavonoid content of 80% methanolic extracts of the

examined plants

Cornelian Japanese Cornelian cherry
] Cherry laurel
cherry persimmon leaves
Total flavonoid
20.5 + 1.62°2 32.39+0.79° 16.87 + 0.38° 72.83 +3.12°

content”

~ Total flavonoid content was expressed as mg quercetin equivalents (QE) in 1
g dry extract.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

*dyalues with different letters within a row were significantly different (p < 0.05)
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Figure 7: Total flavonoid content of 80% methanolic extracts. The results are

expressed as mg quercetin equivalent per g dry extract.

4.1.3. The Total Proanthocyanidin Content of Fruit Extracts

The total proanthocyanidin contents of 80% methanolic extracts are
given in Table 27, Figure 8. The results indicated Japanese persimmon had the
highest total proanthocyanidin content. However, the total proanthocyanidin
content of cornelian cherry was lower than cherry laurel, which is in contrast
with both total phenolic and flavonoid contents. The results were expressed as
epigallocathecin gallate equivalents (EGCG-E) per g dry extract.
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Table 27: The total proanthocyanidin content of 80% methanolic extracts of the

examined plants.

Cornelian Japanese Cornelian cherry
] Cherry laurel
cherry persimmon leaves
Total
proanthocyanidin 229 + 16.9%2 646 + 24.1° 342 + 16.3° 298 + 11.83°
content®

~ Total proanthocyanidin content was expressed as mg epigallocathecin gallate
equivalents (EGCG-E) in 1 g dry extract.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

#dyalues with different letters within a row were significantly different (p < 0.05)
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Figure 8: Total proanthocyanidin content of 80% methanolic extracts. The
results are expressed as mg epigalocathecin gallate equivalents (EGCG-E) per

g dry extract.

4.1.4. DPPH Radical Scavenging Activity

DPPH radical scavenging activities of 80% methanolic extracts of fruits
are given in Table 28, Figure 9. The results are expressed as “half maximal
effective concentration” (ECsp). The lowest ECso value, therefore the highest

activity, belonged to Japanese persimmon. However, none of the fruits
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analyzed showed as much activity as the reference compound, BHT. But
cornelian cherry leaves showed nearly as much activity as BHT did.

Table 28: DPPH radical scavenging activity of 80% methanolic extracts of the

examined plants.

Cornelian Japanese Cornelian
) Cherry laurel BHT*
cherry persimmon cherry leaves
DPPH radical
scavenging  725+17.5%* 440+121° 795+158°  165+10.2'  133+6.4°
activity®

~ DPPH radical scavenging activity was expressed as ECsgin pug/mL.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)
#¢Values with different letters within a row were significantly different (p < 0.05)

* Butylated hydroxytoluene
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Figure 9: DPPH radical scavenging activity of 80% methanolic extracts. The

results are expressed as ECsin pg/mL.
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4.1.5. Superoxide Radical Scavenging Activity

Superoxide radical scavenging activities of 80% methanolic extracts of
fruits are given in Table 29, Figure 10. The results were expressed as “half
maximal effective concentration” (ECso). The lowest ECsg value, therefore the
highest activity, belonged to Japanese persimmon. However, none of the fruits
analyzed showed as much activity as the reference compound, gallic acid. The
activity of cornelian cherry leaves was much higher than those of fruits. But it

was, again, lower than gallic acid.

Table 29: Superoxide radical scavenging activity of 80% methanolic extracts of

the examined plants.

Cornelian Japanese Cornelian .
. Cherry laurel Galllic acid
cherry persimmon cherry leaves
Superoxide
radical 5 b g
) 11.61+0.48™% 7.24+0.29 13.8+0.52° 1.59+0.27 0.18 £ 0.01°
scavenging
activity”

A Superoxide radical scavenging activity was expressed as ECsgin mg/mL.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

#¢Values with different letters within a row were significantly different (p < 0.05)
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Figure 10: Superoxide radical scavenging activity of 80% methanolic extracts.

The results are expressed as ECsqin mg/mL.
4.1.6. Ferric Reducing Antioxidant Power Assay (FRAP)

The FRAP results are given in Table 30, Figure 11 and expressed as mM
FeSO, equivalents per g dry extract. All of the 80% methanolic extracts had an
appreciable ferric reducing antioxidant power in comparison with the reference
compound, BHT. Japanese persimmon had the highest reducing power, while
cornelian cherry showed the least. Surprisingly, 80% methanolic extract of

cornelian cherry leaves was higher than the reference compound, itself.

Table 30: FRAP of 80% methanolic extracts of the examined plants.

Cornelian Japanese Cornelian
] Cherry laurel BHT*
cherry persimmon cherry leaves

Ferric reducing
antioxidant 0.42 + 0.01%2 1.25 + 0.04° 0.57 +£0.02° 3.44+0.09° 3.02+0.07°

power”

~ FRAP activity was expressed as mM FeSO, equivalents in 1 g dry extract.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)
#¢Values with different letters within a row were significantly different (p < 0.05)

* Butylated hydroxytoluene
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Figure 11: FRAP of 80% methanolic extract. The results are expressed as mM

FeSO, equivalents in 1 g dry extract or compound.

4.1.7. Cupric Reducing Antioxidant Capacity (CUPRAC)

Cupric reducing antioxidant capacities of 80% methanolic extracts of
fruits are given in Table 31, Figure 12. The results were expressed as mg
ascorbic acid equivalents per g dry extract. According to these results,
Japanese persimmon had the highest capacity, while cornelian cherry had the

least among fruits. But the capacity of cornelian cherry leaves was much higher.

Table 31: CUPRAC of 80% methanolic extracts of the examined plants.

Cornelian Japanese Cornelian cherry
] Cherry laurel
cherry persimmon leaves
Cupric reducing
antioxidant 20.9 +0.1%2 71.0+0.14° 237+011°  214.45+2.15°

capacity”

A CUPRAC activity was expressed as mg ascorbic acid equivalents (AAE) in 1 g
dry extract.
B Results were expressed as the mean of triplicates + standard deviation (S.D.)

*dy/alues with different letters within a row were significantly different (p < 0.05)
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Figure 12: CUPRAC of 80% methanolic extracts. The results are expressed as

mg ascorbic acid in 1 g dry extract.

4.1.8. Ferrous lon Chelating Capacity

The metal chelating activity of the extracts was investigated using three
different concentrations, such as 1, 2, 5 mg/mL. We found no activity of either
extracts at the mentioned concentrations. EDTA, a well known chelating agent,
was used as reference compound. Its ECs value was measured as 9.1 + 0.4
pg/mL.

4.1.9. Bleaching assay of B-carotene in a linoleic acid system

B-carotene bleaching activity of the extracts are given in Table 32, Figure
13. The results were given as “% activity” in 1 mg/mL extract or reference
compound. According to these results, Japanese persimmon showed the
highest activity, while cherry laurel showed the least among fruits, while

cornelian cherry leaves as much activity as the reference compound, BHT, did.
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Table 32: B-carotene bleaching activity of 80% methanolic extracts of the
examined plants.

Cornelian Japanese Cornelian
] Cherry laurel BHT*
cherry persimmon cherry leaves
B-carotene
bleaching 65 + 1.6°2 75+ 3.5 61+0.9° 93 + 2.4° 96 + 2.6
activity #

A B-carotene bleaching activity was expressed as “% activity” in 1 mg/mL extract
or compound.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
*dyalues with different letters within a row were significantly different (p < 0.05)
* Butylated hydroxytoluene
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Figure 13: B-carotene bleaching activity of 80% methanolic extracts. The

results were expressed as “% activity” in 1 mg/mL extract or compound.

4.1.10. Total Antioxidant Capacity

Total antioxidant capacities of 80% methanolic extracts are given in
Table 33, Figure 14. The results were expressed as mg ascorbic acid

equivalents per g dry extract. According to these results, Japanese persimmon
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had the highest capacity, while cornelian cherry had the least among fruits. But
the capacity of cornelian cherry was much higher.

Table 33: Total antioxidant capacities of 80% methanolic extracts of the

examined plants.

Cornelian Japanese Cornelian cherry
) Cherry laurel
cherry persimmon leaves
Total
antioxidant 66.06 + 3.19°2 94.61 + 4.83" 50.74 + 1.49°  320.17 + 10.10°
capacity”

A Total antioxidant activity was expressed as mg ascorbic acid equivalents
(AAE) in 1 g dry extract.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

*dyv/alues with different letters within a row were significantly different (p < 0.05)
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Figure 14: Total antioxidant capacities of 80% methanolic extracts. The results

are expressed as mg ascorbic acid in 1 g dry extract.
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4.1.11. Trolox Equivalent Antioxidant Capacity (TEAC)

Trolox equivalent antioxidant capacities of 80% methanolic extracts are
given in Table 34, Figure 15. The results were expressed as uM Trolox

equivalents per g dry extract.

Table 34: Trolox equivalent antioxidant capacities of 80% methanolic extracts

of the examined plants.

Cornelian Japanese Cornelian cherry
] Cherry laurel
cherry persimmon leaves
Trolox equivalent
antioxidant 103 £ 8.9%° 267 + 8.9 147 £ 3.4° 869 + 20.52°

capacity”

A Total antioxidant activity was expressed as uM Trolox equivalents (TE) in 1 g
dry extract.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

*dyalues with different letters within a row were significantly different (p < 0.05)
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Figure 15: Trolox equivalent antioxidant capacities of 80% methanolic extracts.

The results are expressed as uM Trolox equivalents (TE) in 1 g dry extract.
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4.1.12. Correlation Between  Total Phenolic/Flavonoid/
Proanthocyanidin Contents and Antioxidant Activity

The correlation between phenolic contents and in vitro antioxidant
properties by using Pearson correlation coefficient, and the results are given in
Table 35.

Table 35: Pearson’s correlation coefficients (r) between antioxidant parameter

and total phenolic, flavonoid and proanthocyanidin content.

Total Phenol Total Flavonoid Total o
Proanthocyanidin
Content Content
Content
DPPH radical
scavenging 0.9998* 0.9993* 0.8907
activity
Superoxide
radical 0.9992 0.9995 0.8916
scavenging
activity
FRAP 0.9273* 0.8714 0.9943*
CUPRAC 0.9729* 0.9362 0.9769*
B-Carotene 0.9204 0.7534 0.7597
bleaching activity
TOAC 0.9248 0.9912* 0.6647
TEAC 0.8825 0.8631 0.8903

*p <0.05
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4.2. Results of In vivo Activity Studies
4.2.1. Results on Total Blood of Healthy Rats
42.1.1. Total Blood CuzZnSOD Activities of Healthy Rats

CuzZnSOD activities of healthy rats after 21-day treatment are given in
Table 36, Figure 16. No statistically significant change was observed in either
animals administered 80% methanolic plant extracts or the reference compound
silymarin (p > 0.05).

Table 36: Total Blood CuZnSOD activities in healthy rats

Cornelian
Cherry laurel cherry Silymarin
leaves

Japanese

Control Cornelian cherry Persimmon

Total blood
CuznSOD 1209+11.1® 11963+14.29 12335+89 1196+11.41 1265+9.84 1259+ 13.76

activities™

A CuznSOD activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
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Figure 16: Total blood CuZnSOD activities of healthy rats treated with 80% methanolic
extracts of plants. The results were expressed as the mean of triplicates + standard

deviation.
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42.1.2. Total Blood GSH-Px Activities of Healthy Rats

GSH-Px activities of healthy rats after 21-day treatment are given in
Table 37, Figure 17. No statistically significant change was observed in either
animals administered 80% methanolic extracts of plants or the reference

compound silymarin (p > 0.05).

Table 37: Total blood GSH-Px activities in healthy rats

Japanese Cornelian
Control Cornelian cherry Perpsimmon Cherry laurel cherry Silymarin
leaves
Total blood
GSH-Px 76.2 + 9.4° 75.32 +5.54 75.15+8.9 7514 +473 7827+815 792+7.5
activities”

A GSH-Px activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
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Figure 17: Total blood GSH-Px activities of healthy rats treated with 80% methanolic
extracts of plants. The results were expressed as the mean of triplicates + standard

deviation.
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4.2.1.3. Total Blood CAT Activities in Healthy Rats

CAT activities in healthy rats after 21-day treatment are given in Table
38, Figure 18. No statistically significant change was observed in either of the
animals administered 80% methanolic extracts of plants or the reference

compound silymarin (p > 0.05).

Table 38: Total blood CAT activities in healthy rats

Cornelian Japanese Cornelian
Control . Cherry laurel cherry Silymarin
cherry Persimmon leaves
Total
43413 431.25+ 442.34 + 436.71 430.81 440.03 +
blood CAT 5
A 24.21 24.59 45.2 24.3 30,81 36.2
activities

A CAT activities were expressed as U/mg protein.
® Results were expressed as the mean of triplicates + standard deviation (S.D.)

600
500 T i
=5 T T T T
% 400 1 L ! 1 L ]
a
(@] I
E 300
2
— 200 I
<
O
100 —
0 T T T T T
Control Cornelian  Japanese Cherry Cornelian  Silymarin
cherry persimmon laurel cherry
leaves

Figure 18: Total blood CAT activities of healthy rats treated with 80% methanolic
extracts of plants. The results were expressed as the mean of triplicates + standard

deviation.
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4.2.1.4. Total Blood MDA Levels in Healthy Rats

MDA levels in healthy rats after 21-day treatment are given in Table 39,
Figure 19. No statistically significant change was observed in animals

administered 80% methanolic fruit or leaf extracts or silymarin (p > 0.05).

Table 39: Total blood MDA levels in healthy rats

. Japanese Cornelian . .
Control Cornelian cherry Persimmon Cherry laurel cherry Silymarin
leaves
Total blood
A 3.53 +0.34"° 3.49 + 0.31 3.40+0.20 3.54 + 047 3.32 + 0.33 3.39 + 0.36
MDA levels

MDA levels were expressed as hmol/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
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Figure 19: Total blood MDA levels of healthy rats treated with 80% methanolic extracts

of plants. The results were expressed as the mean of triplicates + standard deviation.

4.2.1.5. Total Blood TEAC Levels in Healthy Rats

TEAC levels of healthy rats after 21-day treatment are given in Table 40,
Figure 20. Among the groups, cornelian cherry leaves (p < 0.01) and silymarin
(p < 0.001) groups showed statistically significant increases in TEAC levels

compared to the control group. In fact, the increase in cornelian cherry leaves
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group (20.51%) was very close to the increase in silymarin group (25.38%).

Although the fruits of Japanese persimmon, cornelian cherry and cherry laurel

showed numerical increase, the differences were not statistically significant (p >

0.05).

Table 40: Total blood TEAC levels in healthy rats

Japanese Cornelian
Control Cornelian cherry p pe Cherry laurel cherry Silymarin
ersimmon
leaves
Total blood
TEAC B 36.61+2.15 38.09 £ 3.21
el 30.38 £2.45 30.24 £ 3.52 33.04 £1.32 31.25+3.44 (20.5106)"*  (25.38%)"*
evels

ATEAC levels were expressed as uM Trolox equivalent (TE)/mg protein.

® Results were expressed as the mean of triplicates  standard deviation (S.D.)
** p < 0.01 (Compared to the control group)

*** n < 0.001 (Compared to the control group)
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Figure 20: Total blood TEAC levels of healthy rats treated with 80% methanolic

extracts. The results were expressed as the mean of triplicates + standard deviation.
** p < 0.01 (Compared to the control group)
*** p < 0.001 (Compared to the control group)
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4.2.2. Results on Liver Homogenates of Healthy Rats

4.2.2.1. CuZnSOD Activities of Liver Homogenates in Healthy
Rats

CuzZnSOD activities of liver homogenates in healthy rats after 21-day
treatment are given in Table 41, Figure 21. No statistically significant change
was observed in either animals administered 80% methanolic plant extracts or

the reference compound silymarin (p > 0.05).

Table 41: CuzZnSOD activities of liver homogenate in healthy rats

. Japanese Cornelian . .
Control Cornelian cherry Persimmon Cherry laurel cherry Silymarin
leaves
CuzZnSOD
A 1515+ 17.9° 150.8 £ 22.7 151.0£27.3 1529+11.8 155+21.1 1584 +17.20
activities

A CuznSOD activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
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Figure 21: CuzZn-SOD activities of liver homogenates in healthy rats treated with 80%
methanolic extracts of plants. The results were expressed as the mean of triplicates +

standard deviation.
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42.2.2. GSH-Px Activities of Liver Homogenates in Healthy
Rats

GSH-Px activities of liver homogenates in healthy rats after 21-day
treatment are given in Table 42, Figure 22. No statistically significant change
was observed in either animals administered 80% methanolic plant extracts or

the reference compound silymarin (p > 0.05).

Table 42: GSH-Px activities of liver homogenate in healthy rats

. Japanese Comnelian . .
Control Cornelian cherry Persimmon Cherry laurel cherry Silymarin
leaves
GSH-Px
oA 81.5+5.3° 78.03£4.40 83.30+4.8 8237+6.0 84.31+4.73 84.8+5.10
activities

A GSH-Px activities were expressed as U/mg protein.
® Results were expressed as the mean of triplicates * standard deviation (S.D.)
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Figure 22: GSH-Px levels of liver homogenates in healthy rats treated with 80%
methanolic extracts of plants. The results were expressed as the mean of triplicates +

standard deviation.
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4.2.2.3. CAT Activities of Liver Homogenates in Healthy Rats

CAT activities of liver homogenates in healthy rats after 21-day treatment

are given in Table 43, Figure 23. No statistically significant change was

observed in either animals administered 80% methanolic plant extracts or the

reference compound silymarin (p > 0.05).

Table 43: CAT activities of liver homogenate in healthy rats

Japanese Cornelian
Control Cornelian cherry Persimmon Cherry laurel cherry Silymarin
leaves
CAT
oA 854.15 + 42.5° 820.31+51.4 835+ 68.9 799.30 +54.8 837+14.3 829.15+26.3
activities

A CAT activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates * standard deviation (S.D.)
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Figure 23: CAT activities of liver homogenates in healthy rats treated with 80%

methanolic extracts of plants. The results were expressed as the mean of triplicates +

standard deviation.
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4.2.2.4. MDA Levels of Liver Homogenates in Healthy Rats

MDA levels of liver homogenates in healthy rats after 21-day treatment

are given in Table 44, 24. No statistically significant change was observed in

animals administered 80% methanolic extracts of fruits of leaf (p > 0.05). The

same result was reached in silymarin group.

Table 44: MDA levels of liver homogenate in healthy rats

Japanese Cornelian
Control Cornelian cherry P pe Cherry laurel cherry Silymarin
ersimmon
leaves
MDA
levels” 3.89 £ 0.20B 3.75£0.14 3.56 +0.32 3.71+0.19  360+0.40 3.48+0.28

~MDA levels were expressed as nmol/mg protein.

® Results were expressed as the mean of triplicates * standard deviation (S.D.)
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Figure 24: MDA levels of liver homogenates in healthy rats treated with 80%

methanolic extracts of plants. The results were expressed as the mean of triplicates +

standard deviation.
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4.2.2.5. TEAC Levels of Liver Homogenates in Healthy Rats

TEAC levels of liver homogenates in healthy rats after 21-day treatment

are given in Table 45, Figure 25. All of the groups showed significant increase

in the levels of TEAC levels.

Table 45: TEAC levels of liver homogenate in healthy rats

Japanese Cornelian
Control Cornelian cherry P pe Cherry laurel cherry Silymarin
ersimmon |
eaves
TEAC
39.02 + 3.75° 44.04 £1.48 47.49+3.10 43.25+0.89 50.41+3.10 51.33+6.58
levels® T (12.87%)* (21.71%)** (10.84%)* (29.19%)***  (31.55%)***

ATEAC levels were expressed as uM Trolox equivalent (TE)/mg protein.

® Results were expressed as the mean of triplicates * standard deviation (S.D.)
* p < 0.05 (Compared to the control group)

** p < 0.01 (Compared to the control group)

*** p < 0.001 (Compared to the control group)
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Figure 25: TEAC levels of liver homogenates in healthy rats treated with 80%

methanolic extracts of plants. The results were expressed as the mean of triplicates +

standard deviation.
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4.2.3. Results on Total Blood of CCl, — treated Rats
4.2.3.1. Total Blood CuZnSOD Activities of CCl, — treated Rats

CuzZnSOD activities of CCl,—treated rats after 5-day treatment are given
in Table 46, Figure 26. In CCls;~treated group, CuzZnSOD levels were
significantly decreased (p < 0.01). There were significant changes in animals
administered 80% methanolic extract of cornelian cherry leaves at doses of 100
(p < 0.05),_200 (p < 0.05) and 500 mg/kg (p < 0.01). Besides, the reference
group, silymarin, showed significant increase (p < 0.001).

Table 46: CuZnSOD activities of total blood in CCl, — treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin
CuznSOD 1306+ 136°  9013+600 97111940 99534321 102.3+387 107.34 560
activities” o019, A5 20 (7.74%)* (10.42%)*  (13.50%)*  (19.09%)***

A CuzZnSOD activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
p < 0.01 (Compared to the control group)

* p < 0.05 (Compared to CCl, group)

** p < 0.01 (Compared to CCl, group)

*** p < 0.001 (Compared to CCl, group)
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Figure 26: Total blood CuzZnSOD activities of CCl,~treated rats treated with 80%

methanolic extract of cornelian cherry leaves. The results were expressed as the mean

of triplicates * standard deviation.
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4.2.3.2. Total Blood GSH-Px Activities of CCl, — treated Rats

GSH-Px activities of CCl,—treated rats after 5-day treatment are given in

Table 47, Figure 27. In CCls—treated group, GSH-Px activities were significantly

decreased (p < 0.001). Although some increases were observed in animals

administered 100 and 200 mg/kg of 80% methanolic extract of cornelian cherry

leaves, they are not statistically significant. There were significant changes at
the dose of 500 mg/kg (p < 0.05) and in the reference group, silymarin (p <

0.01).

Table 47: GSH-Px activities of total blood in CCl,~treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg

Silymarin

GSH-Px
B - 81.30+7.3
activities A 89.61+4.2 67.54+49 70.31+6.4 7440+ 7.1 (20.37%)*

84.83 + 11
(25.60%)**

~ GSH-Px activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates  standard deviation (S.D.)
™ p < 0.001 (Compared to the control group)

* p < 0.05 (Compared to CCl, group)

** p < 0.01 (Compared to CCl, group)
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Figure 27: Total blood GSH-Px activities of CCl, — treated rats treated with 80%

methanolic extract of cornelian cherry leaves. The results were expressed as the mean

of triplicates + standard deviation.
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4.2.3.3. Total Blood CAT Activities of CCl, — treated Rats

CAT activities of CCls—treated rats after 5-day treatment are given in
Table 48, Figure 28. In CCl,—treated group, CAT activities were significantly
decreased (p < 0.01). Although some increases were observed in animals
administered 100 and 200 mg/kg of 80% methanolic extract of cornelian cherry
leaves, they are not statistically significant. There were significant changes at
the dose of 500 mg/kg (p < 0.05) and in the reference group, silymarin (p <
0.01).

Table 48: CAT activities of total blood of CCl,~treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin

CAT
B " 580+359 608 +48.7
activities®  630-5 44 517 + 34.2 530£539 564474 ool o) oo

A CAT activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
p < 0.01 (Compared to the control group)

* p < 0.05 (Compared to CCl, group)

** p < 0.01 (Compared to CCl, group)
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Figure 28: Total blood CAT activities of CCl, — treated rats treated with 80%
methanolic extract of cornelian cherry leaves. The results were expressed as the mean

of triplicates + standard deviation.
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4.2.3.4. Total Blood MDA Levels of CCl, — treated Rats

MDA levels of CCl,—treated rats after 5-day treatment are given in Table
49, Figure 29. In CCl,—treated group, MDA levels were significantly increased (p
< 0.001). Although some decrease was observed in animals administered 100
mg/kg of 80% methanolic extract of cornelian cherry leaves, it was not
statistically significant. There were significant changes at the doses of 200 and
500 mg/kg (p < 0.05) and in the reference group, silymarin (p < 0.01).

Table 49: MDA levels of total blood of CCl,—~treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin

MDA
B +++ 689 + 146 608 + 487
levels® 3.71 £ 0.37 9.34 £ 2.03 8.46 + 1.10 7.44 +1.02 (-26.23%)*  (-34.80%)**

AMDA levels were expressed as nmol/mg protein.

® Results were expressed as the mean of triplicates * standard deviation (S.D.)
™ p < 0.001 (Compared to the control group)

* p < 0.05 (Compared to CCl, group)

** p < 0.01 (Compared to CCl, group)
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Figure 29: Total blood MDA levels of CCl,—treated rats treated with 80% methanolic
extract of cornelian cherry leaves. The results were expressed as the mean of

triplicates £ standard deviation.
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4.2.3.5. Total Blood TEAC Levels of CCl,~treated Rats

TEAC levels of CCl,—treated rats after 5-day treatment are given in Table
50. In CCls,—treated group, TEAC levels were significantly decreased
(p < 0.001). Although some increase was observed in animals administered 100
mg/kg of 80% methanolic extract of cornelian cherry leaves, it was not
statistically significant. There were significant changes at the doses of 200 and
500 mg/kg (p < 0.01) and in the reference group, silymarin (p < 0.001).

Table 50: TEAC levels of total blood of in CCl,~treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin
TEAC
B - 23.94+1.00 25.34+1.43 28.83+2.42
levels® 34.16 + 3.72 19.79 £ 1.77 2219+ 1.36 (17.33%6)* (28.49%)*  (31.35%)*

ATEAC levels were expressed as nmol/mg protein.

® Results were expressed as the mean of triplicates * standard deviation (S.D.)
™ p < 0.001 (Compared to the control group)

** p < 0.01 (Compared to CCl, group)

*** p < 0.001 (Compared to CCl, group)
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Figure 30: Total blood TEAC levels of CCl,—treated rats treated with 80% methanolic
extract of cornelian cherry leaves. The results were expressed as the mean of

triplicates £ standard deviation.
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4.2.4. Results on Liver Homogenates of CCl,~treated Rats

424.1. CuzZnSOD Levels of Liver Homogenates in CCl,~treated
Rats

CuzZnSOD activities of liver homogenates in CCl,—treated rats after 5-day
treatment are given in Table 51, Figure 31. In CCl,—treated group, CuZnSOD
activities were significantly decreased (p < 0.01). Although some increase was
observed in animals administered 100 mg/kg of 80% methanolic extract of
cornelian cherry leaves, it was not statistically significant. There were significant
changes at the doses of 200 and 500 mg/kg (p < 0.05) and in the reference
group, silymarin (p < 0.01). It is worthwhile that the levels of the increase at the

doses of 200 and 500 mg/kg were very close.

Table 51: CuzZnSOD activities of liver homogenates in CCl,—treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin
CuznSOD
B ++ 158.6 £23.3 159.1 £ 19 169.7 £ 20
activites #  175-7£16.7°  127.6 126 136,6 + 6.7 (10519%)  (10.80%) (24 819%)

A CuzZn-SOD levels were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
p < 0.01 (Compared to the control group)

*p < 0.05 (Compared to CCl, group)

** pn < 0.01 (Compared to CCl, group)
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Figure 31: CuZnSOD activities of liver homogenates in CCl,—treated rats treated with
80% methanolic extracts of cornelian cherry leaves. The results were expressed as the

mean of triplicates + standard deviation.

4.2.4.2. GSH-Px Activities of Liver Homogenates in CCls,—
treated Rats

GSH-Px activities of liver homogenates in CCl,—treated rats after 5-day
treatment are given in Table 52, Figure 32. In CCl,—treated group, GSH-Px
activities were significantly decreased (p < 0.001). Although some increases
were observed in animals administered 100 and 200 mg/kg of 80% methanolic
extract of cornelian cherry leaves, these differences are not statistically
significant. There were significant changes at the dose of 500 mg/kg (p < 0.05)
and in the reference group, silymarin (p < 0.01).

144



Table 52: GSH-Px activities of liver homogenates in CCl,~treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin
GSH-Px
B . 82.91+6.07 86.45+6.79
activities A 88.61+5.73 70.71+4.12 7758 +555 78.90+7.74 (14.719%)* (18.200%)**

A GSH-Px activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
™ p < 0.001 (Compared to the control group)

*p < 0.05 (Compared to CCl, group)

** p < 0.01 (Compared to CCl, group)
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Figure 32: GSH-Px activities of liver homogenates in CCl,~treated rats treated with
80% methanolic extracts of cornelian cherry leaves. The results were expressed as the

mean of triplicates * standard deviation.

4.2.4.3. CAT Activities of Liver Homogenates in CCl,~treated
Rats

CAT activities of liver homogenates in CCls,—treated rats after 5-day
treatment are given in Table 53, Figure 33. In CCl,—treated group, CAT
activities were significantly decreased (p < 0.001). Although some increase was
observed in animals administered 100 mg/kg of 80% methanolic extract of

cornelian cherry leaves, it was not statistically significant. There were significant
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improvements at the doses of 200 mg/kg (p < 0.05) and 500 mg/kg (p < 0.001)

and in the reference group, silymarin (p < 0.001).

Table 53: CAT activities of liver homogenates in CCl,—treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin

CAT
B 4271+355 587.5+86.7 6252+215
activities A 7374%76.2° 3191282 37054546 o0 e, T 0%y

A CAT activities were expressed as U/mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
™ p < 0.001 (Compared to the control group)

*p < 0.05 (Compared to CCl, group)

*** < 0.001 (Compared to CCl, group)
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Figure 33: CAT levels of liver homogenates in CCl,~treated rats treated with 80%
methanolic extracts of cornelian cherry leaves. The results were expressed as the

mean of triplicates * standard deviation.
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4.2.4.4.

MDA Levels of Liver Homogenates in CCl,~treated Rats

MDA levels of liver homogenates in CCl,—treated rats after 5-day

treatment are given in Table 54. In CCl,—treated group, MDA levels were

significantly increased (p < 0.001). Although some decrease was observed in

animals administered 100 mg/kg of 80% methanolic extract of cornelian cherry

leaves, it was not statistically significant. There were significant changes at the

doses of 200 and 500 mg/kg (p < 0.01) and in the reference group, silymarin
(p <0.001).

Table 54: MDA levels of liver homogenates in CCl, — treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin
MDA
B +++ 903 + 16 804 + 25 769 + 075
levels® 4.26 +0.7 13.24 +3.7 10.98 +1.8 (BLB%)™  (3B.46%)  (4L.92%)"

~MDA levels were expressed as nhmo/mg protein.

® Results were expressed as the mean of triplicates  standard deviation (S.D.)

“*p < 0.001 (Compared to the control group)

**n < 0.01 (Compared to CCl, group)
*** n < 0.001 (Compared to CCl, group)
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Figure 34: MDA levels of liver homogenates in CCl, — treated rats treated with 80%

methanolic extracts of cornelian cherry leaves. The results were expressed as the

mean of triplicates + standard deviation.
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4.2.4.5. TEAC Levels of Liver Homogenates in CCl,~treated

Rats

TEAC levels of liver homogenates in CCl,—treated rats after 5-day

treatment are given in Table 55, Figure 35. In CCls—treated group, TEAC levels

were significantly decreased (p < 0.001). Although some decrease was

observed in animals administered 100 mg/kg of 80% methanolic extract of

cornelian cherry leaves, it was not statistically significant. There were significant
changes at the doses of 200 mg/kg (p < 0.05) and 500 mg/kg (p < 0.001) and in

the reference group, silymarin (p < 0.001).

Table 55: TEAC levels of liver homogenates in CCl,~treated rats

Control CCl, 100 mg/kg 200 mg/kg 500 mg/kg  Silymarin
TEAC
B - 33.67+22 3917+£36 391736
levels? 48.32+2.3 29.59 + 3.1 31.08 0.9 (13.79%)*  (32.04%)"  (51.770)**

ATEAC levels were expressed as uM eq./mg protein.

® Results were expressed as the mean of triplicates + standard deviation (S.D.)
*p < 0.001 (Compared to the control group)

** pn < 0.01 (Compared to CCl, group)
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Figure 35: TEAC levels of liver homogenates in CCl, — treated rats treated with 80%

methanolic extracts of cornelian cherry leaves. The results were expressed as the

mean of triplicates + standard deviation.
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4.3. Results of the Bioactivity Guided Fractionation Studies on

80% Methanolic extract of C. mas leaves

4.3.1. Results of In vitro Activity Studies on Fractions

In vitro antioxidant activity results of fractions obtained from 80%

methanolic extract of C. mas leaves are given in Table 56. The results indicated

that EtOAc fraction of C. mas had both the highest radical scavenging activity

and ferric reducing antioxidant power. CM-1, isolated from EtOAc fraction,

showed better activity than the fraction itself.

Table 56: Antioxidant activities of fractions obtained from C. mas leaves

DPPH" FRAP®
CM — n-Hexane 466 + 15.2°2 1.03 £ 0.072
CM — CHCls 287 +10.4° 2.80+0.15°
CM — EtOAc 141 £ 6.5° 4.08 +0.18°
CM — n-BuOH 372 +19.8¢ 2.17 +0.14¢
CM - R-H,0 518 + 17.3° 0.67 + 0.07°
CM-1 96 + 11.3 447 +0.21
BHT* 133 + 6.49 3.02 + 0.10¢

” DPPH radical scavenging activity was expressed as ECs in pg/mL

B FRAP activity was expressed as mM FeSO, equivalents in 1 g dry material.

© Results were expressed as the mean of triplicates + standard deviation (S.D.) (n: 3)

&9 values with different letters within a column were significantly different (p < 0.05)

* Butylated hydroxytoluene
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4.3.2. Structure Elucidation

Following the activity studies, the fraction which showed the highest
activity was subjected to chromatographic studies. The structure elucidation of
the isolated active compound was accomplished by using spectroscopic

methods.
Structure elucidation of CM-1 (Gallic Acid)

CM-1 was obtained from CM-EtOAc fraction as an amorphous white
powder.

The *H NMR spectrum (Table 57, Spectrum 1) contained only a singlet at
d 7.15 (2H). The *C NMR spectrum (Table 57, Spectrum 2) displayed an
equivalent aromatic methine resonance at ® 108.9 (2C) and a carbonyl signal at
0 169.2 as well as four quaternary signals in the aromatic region at & 120.8,
138.1 and 144.9 (2C) which were indicative of a C¢C; phenolic acid. Taken all
together, the above NMR findings were in good agreement with those of gallic
acid (216).

'H NMR (600 MHz, MeOD) : Spectrum 1
13C NMR (150 MHz, MeOD): Spectrum 2
C7HgOs, 170.12 g/mol

Figure 36: Chemical Structure of CM-1
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Table 57: *H NMR (600 MHz, MeOD) and **C NMR (150 MHz, MeOD) Data of

CM-1
Position Oy, ppm Ref (216) O¢, ppm Ref (216)
1 - 120.8 120.8
2 7.15(1H,s) | 7.15(1H, s) 108.9 109.1
3 - 144.9 144.9
4 - 138.1 137.8
5 - 144.9 144.9
6 7.15(1H,s) | 7.15(1H, s) 108.9 109.1
7 - 169.2 168.39
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Spectrum 1: *H spectrum of CM-1
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4.4. Quantitative Analysis of Gallic Acid in 80% Methanolic Extract

of C. mas leaves by HPTLC

The pictures of the plate under 366 nm of UV light, the spectra
comparison of the spots, the peak areas of the spots and the calibration curve
are given in Figures 37a, 37b, 37c, 38, 39 and 40, respectively. HPTLC analysis
indicates that 80% methanolic extract of C. mas leaves contain 0.585 £ 0.007 %

(n: 5) gallic acid.

Developed

Figure 37a: The pictures of spots under 366 nm of UV light
S1-S5: Sample 1-6

Derivatized by NA

Figure 37b: The pictures of spots under 366 nm of UV light
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Derivatized by NA/PEG 400

Figure 37c: The pictures of spots under 366 nm of UV light

Spectra comparison

100.0 ! ! ' 100.0
[AUT [AU]
s00 - 0.0
700 A 70.0
600 0.0
soo o 4 50.0
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00 - 300
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200.0 2500 2000 [nm] 4000

Figure 38: Overlaid UV spectra of gallic acid in all tracks.
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Figure 39: 2D chromatogram of the extract

Y =-326.816 + 5.832*X
R?=0.9993

Figure 40: The calibration curve for gallic acid
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5. DISCUSSION

Every living organism, with the exception of anaerobic microorganisms,
requires molecular oxygen as an electron acceptor for energy production. Since
oxygen itself is a powerful oxidant, secondary oxidation reactions in normal
physiological metabolism are inevitable (70). These secondary oxidation
reactions cause the generation of reactive oxygen species (ROS), including free
radicals. The deleterious effect of free radicals resulting in potential damage in
biological systems is termed as oxidative stress, causing in damage in DNA,
lipids, proteins. Aerobic organisms developed enzymatic and non-enzymatic
antioxidant defense system in order to neutralize these harmful effects. Sies
defines oxidative stress as “an imbalance between oxidants and antioxidants in

favor of the oxidants, potentially leading to damage” (71).

Oxidative stress is known to play a critical role in several diseases such
as cardiovascular disease, cancer, diabetes, inflammatory diseases,
ischemia/reperfusion injury, Alzheimer's disease, immune diseases, eye
diseases (3). Oxidative stress has also direct relationship with aging process
and the degenerative diseases of aging (73).

The enzymatic and non—enzymatic endogenous antioxidant defense
systems in the body are not totally efficient to combat oxidative stress.
Therefore, dietary antioxidants are important in diminishing the cumulative
effect of oxidative damage during the lifespan of humans and also play a
substantial role in protection from oxidative stress-related diseases.
Interestingly, Halliwell demonstrated the inadequate dietary intake of a-
tocopherol or ascorbic acid as a reason for increased oxidative stress (138).
Besides, there are a vast number of studies regarding the importance of dietary
antioxidants in the prevention of these diseases. For example, Gaziano et al.
highlighted the Iimportance of dietary antioxidants in the protection
cardiovascular diseases due to atherosclerosis (217). Another study revealed a
39% reduction in major coronary events in the highest intake category for
vitamin E as compared to the lowest (218). Various studies prove a very good
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relationship between natural antioxidant intake and the reduced risk of several
types of cancers including lung, colon, oral, stomach and esophageal (219). In
another study, type Il diabetic patients were given a quercetin rich diet for two
weeks, after a low quercetin diet for the preceding two weeks. It was observed
that DNA damage was significantly reduced following the consumption of high
quercetin containing diet, when compared to the lower quercetin content (220).

All of these data indicate that regular consumption of fruit and vegetables
containing natural antioxidants is associated with reducing the risk of various
diseases. To increase the body’s antioxidant potential and to protect from
oxidative stress, it has been recommended that individuals increase their intake
of dietary antioxidants. Therefore, we chose three edible fruits consumed widely
in Turkey to comparatively investigate their antioxidant potentials. These are
cornelian cherry (Cornus mas L.), Japanese persimmon (Diospyros kaki L.) and
cherry laurel (Laurocerasus officinalis Roem.). For a complete evaluation of
antioxidant potential of these fruits, both in vitro and in vivo experimental
models were used. The antioxidant effect of the leaves of Cornus mas L was
also investigated. The main purpose behind choosing the leaf extract of
cornelian cherry was to compare the activities of fruit and leaf extracts.
Furthermore, cornelian cherry leaves are reported to be used against diabetes
in ethnobotanical literature (5,6), and the relationship between diabetes and
oxidative stress was already revealed (1). Besides, our literature survey
revealed that the number of investigations on the biological efficacy of the

cornelian cherry leaves were scarce.

Eight different in vitro methods for the purpose of a detailed investigation
of the antioxidant activity of 80% methanolic extracts prepared from four test
materials have been employed. Since antioxidant molecules exert their activities
with different mechanisms, these methods were chosen in order to reveal the

antioxidant activity profile of the test materials thoroughly.

DPPH, superoxide radical scavenging tests and Trolox equivalent

antioxidant capacity (TEAC) tests were performed in order to measure the
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general free radical-scavenging abilities, since free radicals are the direct cause
of oxidative stress (72).

Ferric reducing antioxidant power (FRAP) and Cupric reducing
antioxidant capacity (CUPRAC) were studied in order to evaluate the ferric and
cupric ion reducing capacities of the plants, because these ions play a crucial
role in the generation of free radicals (81). Ferrous ion-chelating capacity test
was also performed for a similar purpose. Chelating metal ions participating in
free radical formation is a well-known mechanism in evaluating the antioxidant
activity (154).

Total antioxidant capacity test was carried out in order to measure total
reducing power of the samples. Besides, [B-carotene bleaching test was
performed since it reflects the abilities of samples to inhibit the lipid

peroxidation.

As previously mentioned in detail, phenolic compounds are a major class
of bioactive components. They were shown to possess the ideal chemistry for
antioxidant activity since they have high reactivity as hydrogen or electron
donors and also capability of chelating metal ions (154,165,221). A substantial
portion of the antioxidant properties of plant extracts have been attributed to the
phenolic content. There are over 150.000 research papers related with the
beneficial effects of phenolic compounds as natural antioxidants (222).
Therefore, we also measured the total phenolic, flavonoid and proanthocyanidin

contents of the extracts.

Among the fruit extracts Japanese persimmon showed the highest total
phenolic, flavonoid and proanthocyanidin content. However, the total phenolic
and flavonoid content of cornelian cherry leaf extract was much higher than fruit
extracts. Interestingly, its total proanthocyanidin content (298 * 11.83 mg
EGCG-E/extract) was lower than Japanese persimmon (646 £ 24.1 mg EGCG-

E/extract).
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Ercisli et al. investigated total phenolic content of different genotypes of
Japanese persimmon fruits in Turkey and found lower values than our results
(from 19.1 to 42.3 mg GAE/g extract) (223). This might be due to the
differences in phenolic contents of fruits, which may vary depending on the type
of extraction solvent and method employed as well as source, post-harvesting
conditions and maturity level of the fruits (224).

The results of a recent report (50) on total phenolic content of water
extract prepared from cherry laurel (32.83 mg GAE/g extract) are consistent
with our findings (23.64 + 0.84 mg GAE/g extract). In addition, Gulgin et al.
found similar total phenolic content of water extract of cornelian cherries (26.49
mg GAE/g extract (25). These results indicate that different extraction solvents

with similar polarities did not cause important changes on phenolic content.

The results of total flavonoid content assay of 80% methanolic extracts
did not differ much from total phenolic content. Japanese persimmon had the
highest flavonoid content, but much lower than cornelian cherry leaf extract.
Orhan and Akkol reported that total flavonoid content of cherry laurel fruits could
not be calculated due to trace amount (50). However, we calculated the total
flavonoid content of 80% methanolic extract as 16.87 + 0.38 mg QE/g extract. In
the literature survey, we found no report on the total flavonoid content of

cornelian cherry or Japanese persimmon fruits grown in Turkey.

Total proanthocyanidin content results were quite different from both total
phenolic and flavonoid contents. The content of cornelian cherry leaf extract
(298 £ 11.83 mg EGCG-E/ g extract) was much lower than those of Japanese
persimmon ( 646 + 24.1 mg EGCG-E/ g extract) and cherry laurel (342 + 16.3
mg EGCG-E/ g extract). To best of our knowledge, this is the first report on total
proanthocyanidin content of all these plants.

The results of in vitro antioxidant tests revealed that all four extracts have
antioxidant potential to some extent. According to the results of DPPH
scavenging tests, Japanese persimmon showed the best activity among the

fruits. However, cornelian cherry leaf extract had much higher activity.
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DPPH scavenging activity of cherry laurel fruit juice was previously
investigated by Liyana-Pathirana et al. (225) and moderate scavenging activity
was found, which is in compatible with our results on 80% methanolic extract.
The lack of difference in the activity between total fruit juice and 80%
methanolic extract indicates that all of the scavenger components were
extracted with this method. Besides, Orhan and Akkol found lower activity
(ECs0> 2000 pg/mL) with methanolic extract of the fruits (50). This difference
was most probably due to the differences in polarities of the extraction solvents
employed in both studies. Scavenging activity of water extract of cornelian
cherry was investigated by Gulgin et al. and the results were similar to the ones
we found with 80% methanolic extract (25). Another study was performed on 12
different cornelian cherry cultivars (26). When the results were compared, it was
revealed that cultivated forms of cornelian cherry have lower DPPH radical
scavenging capacity than wild growing ones, which were used in our study. A
variety of studies on DPPH radical scavenging activity of different parts of
Japanese persimmon have been conducted so far. Sun et al. (2) and Han et al.
(226) studied the mentioned effect of Japanese persimmon leaves, while
Sakanaka et al. investigated that of an indigenious Japanese persimmon leaf
tea (227). Besides, Akter et al. studied DPPH scavenging activity of Japanese

persimmon seeds (206).

Superoxide radical is the most common free radical generated in vivo. It
plays an important role in the formation of other reactive oxygen species (66).
Therefore, scavenging superoxide radical gives important data about
antioxidant potential. The results of superoxide radical scavenging tests
revealed that three fruit extracts showed very little activity, when compared to
the reference compound, gallic acid (Table 29). The ECs, levels of the extracts
were extremely high. However, cornelian cherry leaf extract showed
considerable activity. Orhan and Akkol reported that cherry laurel was found to
be inactive against superoxide radical (50). This difference seems to be rooted
from the low concentration of the sample in the test procedure. As far as we
know, there are no reports of other test plants regarding the superoxide radical

scavenging activity.
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The TEAC assay is one of the popular indirect methods of determining
the antioxidant capacity of compounds or extracts. Besides, the assay is
accomplished by generating ABTS radical, therefore it gives information about
the free radical scavenging capacity of the samples. Japanese persimmon had
the highest activity. Interestingly, cherry laurel showed better activity than
cornelian cherry fruit extract, regarding that the trend was different from DPPH

and superoxide radical scavenging activities.

Fe** reduction is commonly used as an indicator of electron donation as
well as one of the major mechanisms of actions of antioxidants. The FRAP test
is a simple, reproducible and reliable method to measure the ability of
antioxidant activity (178). All of the 80% methanolic extracts had an appreciable
ferric reducing power in comparison with the reference compound, BHT (Table
30). Moreover, cornelian cherry leaf extract showed better ferric reducing
capacity than BHT. The results indicated that Japanese persimmon had the
highest activity with a 40% of the capacity of BHT, while cornelian cherry fruit
extract had the least. The order of the activity among fruit extracts is different
from DPPH and superoxide radical scavenging assays, but the same as that of
TEAC assays. Pantelidis et al. (8) and Yilmaz et al. (228) also investigated the
FRAP activity of cornelian cherry fruit extract and found similar results to ours,
expressed as ascorbic acid equivalents. Although Gllgin et al. used a different
methodology to determine the FRAP activity of cornelian cherry fruit extract,

they also reported that they found significant activity, but lower than BHT (25).

CUPRAC is a relatively new method on metal ion reducing compared to
FRAP. Cu?* also participates in the formation of free radicals just like Fe3* (67).
Hence, the reduction of cupric ion is another mechanism that reflects
antioxidant potential, and CUPRAC assay is an important parameter in
evaluating the activity. According to the results given in Table 31, Japanese
persimmon had the highest cupric reducing power, while cornelian cherry fruit
had the least among the fruit extracts. The activity of cornelian cherry leaf
extract was much higher than the fruit extracts. The order of the fruits in the

cupric reducing capacity assay was similar in the ferric reducing power.
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Aktumsek et al. recently reported the same correlation between FRAP and

CUPRAC assays on different Centaurea species (229).

As already mentioned, iron plays substantial role in the generation of free
radicals, hence in oxidative stress. Ferrous ions are also commonly found in
food systems and considered as prooxidants (207). Therefore, ferrous ion-
chelating capacity assay gives important data about antioxidant potential. The
metal chelating activity of the extracts was investigated using three different
concentrations: 1, 2 and 5 mg/mL. We found no activity of either fruits at the
mentioned concentrations. However, as mentioned above, they exerted good
reducing activity on both ferric and cupric ions. These data state that an extract
with a good rate of metal reducing capacity does not necessarily show good

metal chelating activity.

Total antioxidant capacity test is based on the reduction of Mo®" to Mo**.
Consequently, it gives general information about the whole reduction capacity of
the samples. The results given in Table 33 indicate that Japanese persimmon
possessed the highest capacity but not as higher as cornelian cherry leaf
extract did. According to our literature survey, this is the first report on total
antioxidant capacity of the fruits determined by the phosphomolybdenum

complex.

B-carotene bleaching assay is based on the discoloration of B-carotene
owing to its reaction with linoleic acid-generated free radicals in an emulsion
system. In the presence of an antioxidant compound, this degradation process
is prevented and can be measured spectrophotometrically. It also reflects the
ability to inhibit the lipid peroxidation. The results are given in Table 32. All of
the investigated extracts inhibited the bleaching of B-carotene with respect to
reference compound, BHT. Japanese persimmon had the highest activity
among the fruits, but lower than cornelian cherry leaf extract, which is in
accordance with other in vitro activity tests. However, the difference was much
lower than the other tests. Ercisli et al. investigated the same activity of different
Japanese persimmon genotypes in Turkey, and found compatible results with
ours (223). In addition, Yilmaz et al. studied the (B-carotene bleaching activity of
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several genotypes of cornelian cherry fruits and found that all of the different
genotypes exhibited good activity (228).

All of these eight in vitro assays evaluating the antioxidant potential
revealed that 80% methanolic extracts prepared from the investigated plants
showed significant activity. The results exposed that Japanese persimmon had
the highest antioxidant capacity among the fruit extracts. It was observed that
cherry laurel had higher ferric and cupric ion reducing capacity and TEAC
activity than cornelian cherry fruit. In other tests, however, cornelian cherry fruit
showed better activity. On the other hand, in all of the tests cornelian cherry leaf
extract had the best activity.

80% methanolic extract of cornelian cherry leaf was found to have by far
the highest total phenolic and flavonoid content. As mentioned before, phenolic
compounds are important antioxidant compounds. The antioxidant activities of
phenolic compounds are mainly due to their ability to act as hydrogen donors,
reducing agents and radical scavengers (209). The correlation between
phenolic contents and antioxidant properties was determined by using Pearson
correlation coefficient, and the results were given in Table 35. According to
these results, the scavenging activity of the extracts against both DPPH and
superoxide radicals show linear correlation, in relation to their phenolic and
flavonoid contents. Whereas, in the case of total proanthocyanidin content,
correlation coefficient was much lower. Although total proanthocyanidin content
of Japanese persimmon was higher than cornelian cherry leaf extract, the
activities were vice versa. According to these data, the contribution of
proanthocyanidins to antioxidant potential of extract seems to be very low;
however flavonoids contribute much to the activity. Besides, there were no
statistically significant correlations between total
phenolic/flavonoid/proanthocyanidin content and lipid peroxidation inhibitory
activity (B-carotene bleaching assay). These findings suggest that the activity of
extracts against lipid peroxidation might be attributable to the presence of non-
phenolic compounds. An interesting point of view by Huang et al. states that
simple phenols, in spite of the fact that some of them have relatively low
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antioxidant activity, react with Folin-Ciocalteu reagent. In conclusion, it should
be noted that differences in the structure of phenolic compounds as well as the
methodology of the antioxidant activity test may cause different results in the

assessment of antioxidant activity.

Although in vitro antioxidant assays are widely used in the studies of
antioxidant activities of plants, the results may sometimes conflict with the
results obtained from in vivo. The main reason behind this aspect lies on the

bioavailability of active compounds.

Most of the health benefits of fruits and vegetables have been attributed
to their polyphenol and flavonoid contents. However, their whole mechanism of
antioxidant activity remains unclear in spite of indefinite numbers of researches
conducted in this area. First, the absorption of polyphenols in organism is rather
low, especially that of anthocyanins. Another factor is the short half-life of
polyphenols in plasma, which are usually in the range of a couple of hours. In
addition of poor absorption, polyphenols and especially flavonoids are
extensively metabolized in liver and intestine. Flavonoids are excellent
substrates and inducers of phase Il enzymes. These factors may cause
limitations in the capability of dietary polyphenols in performing antioxidant
activity in vivo. Therefore, in order to ascertain the role of dietary antioxidants
fully, in vivo tests are incredibly necessary (167,230-232), though they are so

few.

In the light of these data, we studied the in vivo antioxidant potentials of
80% methanolic extracts of plants on healthy, male Sprague-Dawley rats. The
reason for choosing healthy rats was to observe any possible effects on normal
metabolic conditions. By this way, more reliable information might be deducted

for making comments about their efficacy in daily life of humans.

The extracts were administered orally for 21 successive days to observe
the sub-acute effects. Oral administration was chosen so that the bioavailability
of the active components would be observed. After the mentioned period, the

rats were decapitated; their fresh blood and liver samples were collected.
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For the purpose of evaluating in vivo antioxidant activity, we measured
the activities of enzymes SOD, CAT and GSH-Px since they form the first line of
defense against ROS in the organism by converting the active oxygen
molecules into non-toxic compounds (73). They are also referred as primary
antioxidant enzymes (67). SOD dismutates superoxide radicals into hydrogen
peroxide and molecular oxygen. CAT further detoxifies hydrogen peroxide into
water. GSH-Px also participates in the detoxification of hydrogen peroxide.
Hence, these enzymes act mutually and compose the enzymatic antioxidant

capacity against ROS.

After 21-day treatment we observed no statistically significant changes (p
> 0.05) in the activities of these enzymes of both total blood and liver
homogenates, comparing to the control group. Also, no changes were observed
in the positive control group (silymarin), too. This consequence was somehow
expected since the consumption of the studied extracts did not induce the
synthesis of these enzymes in normal rats. Otherwise this would be an

intervention to the homeostasis of the body.

These results are in accordance with the study conducted by Oztlrk et
al. They investigated the antioxidant capacity of apricot in Wistar rats after 5—
months of oral administration. They reported that no changes in the activities of
SOD, CAT or GSH-Px in liver were observed in healthy rats (200).

Hsouna et al. investigated the antioxidant activity of Ceratonia siliqua leaf
extract in rats after 8 days of treatment. They also did not observe any changes
in the levels of these enzymes in the liver and kidney of healthy rats, compared
to the control group (233). Furthermore, the results of the study performed by
Ozden et al. also supported our results. They investigated the effects of 28 day—
treatment with vitamin E and taurin, which are well-known to be very powerful
antioxidant molecules, in the livers and kidneys of normal rats; and they found
no changes in the activities of SOD, CAT and GSH-Px (234). Pandanaboina et
al. also found no difference in the activities of these enzymes in the liver of
vitamin E-administered normal rats (235). In addition, Luczaj et al. studied the

effect of sweet grass extract against oxidative stress in rat serum. After 4 weeks
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of treatment, they observed no changes in the levels of these enzymes in serum
samples (236). They, also, studied the effect of vitamin E administration in
normal rats, and concluded the same results. An important study about the
antioxidant effects of silymarin was performed by Pradeep et al. After 30 days of
oral administration, they observed no changes in the activities of these enzymes
in the liver of normal rats (237).

During oxidative stress, membrane lipids are continuously subjected to
oxidative reactions. Lipid peroxidation is also one of the most important
mechanisms contributing to oxidative stress. Hence, the measurement of lipid
peroxidation is an important indicator in the assessment of antioxidant potential.
We calculated the amount of MDA, which is one of the most important by-
products of lipid peroxidation. For this purpose, we used thiobarbituric acid
reactive substances test (TBARS) which is the most widely used test in
understanding the levels of lipid peroxidation (1, 238).

We found no statistically significant changes in the levels of MDA in liver
tissues or total blood of normal rats (p > 0.05). Neither of the extracts nor
silymarin managed to induce any decrease in MDA levels, therefore showed no
effect on lipid peroxidation in normal metabolic conditions and oxidative stress
status. Pradeep et al. stated that 30 day-administration of silymarin caused no
alteration in the MDA levels of normal rats (237). Ozden et al. (234),
Pandanaboina et al. (235) and Luczaj et al. (236) reported that vitamin E did not
induce any changes in MDA levels. Hsouna et al. reported the same results for

Ceratonia siliqua leaf extract (233), and Oztiirk et al. for apricot (200).

Another important point about lipid peroxidation that should be
highlighted is the correlation between [(-carotene bleaching assay and MDA
levels. B-carotene bleaching assay is, as previously mentioned, used as a
screening tool for the inhibition of lipid peroxidation in vitro. However, we
observed that although the fruit extracts and cornelian cherry leaf extract
showed good activity in B-carotene bleaching assay, they did not induce any
decrease in the levels of MDA in normal rats, which is an important precursor of

lipid peroxidation.
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Since it is well known that the synergic effect of antioxidants in human
serum provides better activity against oxidative stress than any antioxidant
alone, it is very important to determine the total antioxidant capacity of biological
fluids (239). The role of the non—enzymatic antioxidant molecules like
glutathione, uric acid, albumin etc. should also be taken into account. They also
play significant roles in the defense mechanism of the body against oxidative
stress. By this way, it is possible to determine the capacity of the system to fight
against oxidative stress. There are diverse methods which are widely used to
measure the antioxidant activity of plants and foods in biological fluids. Among
them, the oxygen radical absorbance capacity (ORAC) assay, FRAP and TEAC
assays (adapted to be effective with in vivo tests) are commonly used for this
purpose. These techniques are based on different mechanisms with different
sources of free radicals or oxidants. Consequently, the results of these assays
may not always be correlated with each other (240). For example, Leite et al.
investigated the antioxidant potential of Myrciaria jaboticaba in healthy rats with
both ORAC and TEAC assays. They found the increase in plasma antioxidant
capacity 1.7 times by TEAC method, and 1.3 times by ORAC (232). In another
study, Gorinstein et al. studied the antioxidant properties of some rare Thai
fruits in cholesterol-fed rats with TEAC, DPPH and FRAP, and found 16.9%,
21.9% and 11.8% activity, respectively (241). Interestingly, Tulipani et al.
conducted a study about the plasma antioxidant capacity in humans after 4
days of strawberry consumption. They reported an 8.5% increase with FRAP
test. However, they found no significant activity with TEAC (242).

As it can be clearly understood from previous studies, different tests for
antioxidant capacity may give conflicting results. Among these tests, we chose
TEAC assay for evaluating the total antioxidant capacity, since it is widely used
in both animal studies (242) and clinical studies (242—-244).

According to the results given in Table 40, the fruit extracts did not cause
statistically significant increase in the total antioxidant capacity of total blood.

However, the experimental animals administered cornelian cherry leaf extract
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exerted an increase of 20.51% (p < 0.01), besides the reference drug, silymarin

also provided an increase of 25.38% (p < 0.001).

The liver total antioxidant capacities were observed different. Cornelian
cherry, Japanese persimmon and cherry laurel fruit extracts showed increases
of 12.87% (p < 0.05), 21.71% (p < 0.01) and 10.84% (p < 0.05), respectively. In
addition to these results, the total antioxidant capacity of the livers in cornelian
cherry leaf extract administered group had an increase of 29.19% (p < 0.001)
and that of silymarin as 31.55% (p < 0.001).

The increased antioxidant capacity in total blood and liver tissues
following the administration of fruit extracts or the leaf extract could indicate a
direct absorption of antioxidant phytochemicals (244). It may also indicate an
enhanced production of non—-enzymatic antioxidants. The enhancement of
enzymatic antioxidant production seems a low possibility, since no changes
were observed in the levels of these enzymes.

Leite et al. investigated the TEAC in plasma of normal rats administered
freeze-dried Jaboticaba fruit peel (Myrciaria jaboticaba), and reported an
increase of 1.7 times (232). Gorinstein et al. found that TEAC of rat plasma
treated with some Thai fruits exerted an increase up to 16.9% (241). Huang et
al. studied the effect of sweet potato (Ipomoea batatas) in serum TEAC of
healthy mice and reported an increase of 12.8%, compared to control group
(245).

In addition to the in vivo studies, there are some clinical studies that used
TEAC for measuring the total antioxidant capacity. Marnewick et al. studied the
effects of Aspalathus linearis on oxidative stress in adults at risk for
cardiovascular disease, but found no alteration (243). Sanchez et al.
investigated the influence of whole and fresh-cut mango on plasma antioxidant
capacity of healthy adults. They stated that both treatments increased plasma
antioxidant capacity measured by TEAC method (244). In addition, Tulipani et

al. studied the effect of strawberry consumption for 16 day on plasma
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antioxidant status in humans, and reported a significant increase in fasting

plasma total antioxidant capacity (242).

After accomplishing in vitro screening tests and in vivo antioxidant activity
studies on healthy rats with normal metabolic conditions, the antioxidant
potential was studied under elevated oxidative stress. The data obtained from
all of the in vitro screening and in vivo antioxidant activity tests have clearly
demonstrated that 80% methanolic leaf extract of Cornus mas L. (cornelian
cherry) had by—far the highest antioxidant potential. Thus, we chose this extract

for further in vivo studies under elevated oxidative stress.

A variety of different types of chemicals have been used in literature to
induce increased oxidative stress. Some of the most commonly used of these
chemicals are paracetamol (246-248), ethanol (199,249-251), lead (252),
diquat (253) and methiocarb (234).

Carbon tetrachloride is a highly toxic chemical agent which is extensively
used to study the antioxidant activity, and to evaluate the hepatoprotective
effects of drugs and plant extracts. Its hepatotoxic effects are a result of its
biotransformation process. CCl, is primarily accumulated in hepatic parenchyma
cells and metabolized to trichloromethyl (CCls) radical by cytochrome P450-

dependent monooxygenases in liver. CCls radical reacts rapidly with oxygen to

form the highly reactive trichloromethyl peroxyl radical (CCIl3O2’). This radical
binds to cellular macromolecules and causes peroxidative damage in lipid
membranes of the adipose tissue. It also facilitates the removal of hydrogen
atoms from unsaturated lipids. In addition, it causes auto—oxidation of the
polyenic fatty acids found in the membrane phospholipids, leading to the lipid
peroxidation. Consequently, by-products like MDA are generated in extremely
high amount, resulting in the loss of cell membrane integrity and tissue damage
(254-256).

For these reasons, we chose CCl, for inducing elevated oxidative stress.

In order to evaluate the dose—response relationship between the antioxidant
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activity and the extract, the leaf extract was administered in increasing doses of
100, 200 and 500 mg/kg body weight, per os.

Silymarin is one of the most commonly used reference drugs in in vivo
antioxidant activity studies, along with vitamin E (200,234,257) and vitamin C
(253). In the previous experiments, silymarin was administered in the various
doses such as 25 (258), 50 (78,199,210,259,260), 75 (246), 100 (261) or 200
(262,263) mg/kg bw. Then, we decided to administer silymarin in the dose of 50

mg/kg, since it is the most frequently used dose.

After 5-days of treatment, the animals were decapitated; their fresh blood

and liver samples were collected.

The tests indicated that CCl, administration caused a vast amount of
increase in the MDA levels both in total blood (p < 0.001) and liver
homogenates (p < 0.001), as expected. As mentioned above, elevated MDA
level is a direct indicator of lipid peroxidation. Hsouna et al. (233), Oztlrk et al.
(200), Wang et al. (264) and Verma et al. (257) also reported increased levels

of MDA levels after CCl, administration.

Although MDA levels tend to decrease in doses of 100 and 200 mg/kg,
the differences were not statistically significant (p > 0.05). A decrease of
26.23% (p < 0.05) and 34.80% (p < 0.01) was seen in the dose of 500 mg/kg for
leaf extract and 50 mg/kg of silymarin group, respectively. In terms of liver MDA
levels, both 200 and 500 mg/kg administration caused statistically significant
decrease (p < 0.01) (Table 54). The activity of 500 mg/kg administration in liver
tissue seemed higher than that of total blood. We also found that silymarin
administration caused a decrease of 41.92% (p < 0.001), which is very close to
the decrease (45.45%) reported by Chen et al. at the same dose and period of
treatment (199). Both Hsouna et al. (233). and Pradeep et al. (237) stated that
restoration in the levels of lipid peroxidation could be related to the ability of

samples to scavenge ROS, thus preventing further damage to membrane lipids.
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As discussed in detail above, SOD, CAT and GSH-Px enzymes are the
primary antioxidant enzymes, and referred as the first line of defense against

oxidative stress.

As given in Tables 46, 47 and 48, the activities of all three enzymes were
dramatically decreased both in total blood and liver tissues after CCl,4
administration. These data are in accordance with a vast number of studies that
used CCl, as an oxidative stress inducer (200,257,258,259,261-263). However,
there are some conflicting explanations in literature regarding the decrease in
the activities of these enzymes. For example Oztirk et al. (200), Pradeep et al.
(237) and Panda et al. (265) annotated the decreased enzyme activities with
the elevated free radical generation during the metabolism of CCly; therefore
the depletion of enzymes was a consequence of their excessive utilization in
scavenging these radicals. In addition to these comments, Hsouna et al. (233)
associated the reduced activity of these enzymes with the enhancement in the
lipid peroxidation. Nevertheless, Verma et al. (257) suggested an opposite
comment and stated that the declined activity of these enzymes causes lipid
peroxidation. Another point of view is that the decrease in the antioxidant
activity may be due to the inhibition of protein biosynthesis or oxidative
modifications of these proteins. Free radicals generated might readily give
reaction with amino acid residues of proteins leading to severe modifications in
the structure of these proteins and consequently to inactivation of these
enzymes. Deng et al. (262), Duh et al. (263), Luczaj et al. (236) and
Augustyniak et al. (266) shared this point of view. A recent study by Li et al.,
confirming this perspective, explains the clear interaction of CCl,; and the
inhibition of protein synthesis in liver (267). Morever, Blum and Fridovich stated
that the oxidation of the selenocysteine in the active center of GSH-PX,
especially in metabolically active liver may cause irreversible inactivation of this

enzyme (268).

Although there are some conflicting results about the mechanism of
decrease in the enzyme activity, it is obviously related to elevated free radical
production. The results given in Tables 46, 47 and 48 indicated that
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administration of 80% methanolic leaf extract of cornelian cherry provided the

restoration of these enzymes.

Administration in doses of 100 (p < 0.05), 200 (p < 0.05) and 500 (p <
0.01) mg/kg resulted in significant increases in the activity of SOD in total blood
samples. In terms of liver SOD, all of the groups, except 100 mg/kg
administered—group, again, showed statistically significant activities. It also
should be remembered that cornelian cherry leaf extract also showed strong

activity against superoxide radical according to our in vitro test results.

In 500 mg/kg—treated group of cornelian cherry leaf extract, GSH-Px
activities of both total blood and liver tissues were significantly elevated (p <
0.01). The increase in the total blood GSH-Px levels (20.37%) was very close to
that of liver tissues (19.51%). The increase in the activity of GSH-Px enzyme of
this group was near to the activity in silymarin—treated. Although there were
numerical increases of enzyme levels in 100 mg/kg and 200 mg/kg—
administered groups, these differences were statistically not significant (p >
0.05).

The same results are valid for the CAT activities. There was a significant
increase in the enzyme levels in both 500 mg/kg extract—administered group
and the silymarin group. The differences were statistically significant.

We also investigated the TEAC of both total blood and liver tissues. As
previously mentioned, it is important to measure the total antioxidant capacity of
biological molecules, since the non—enzymatic antioxidant defenses also play a
major role against oxidative stress. The TEAC results of total blood, given in
Table 50, revealed that CCls—administration severely decreased the levels of
TEAC in both total blood and liver tissues (p < 0.001). The reason for this
decline was most probably due to the increased levels of free radical
generation. Coudray et al. studied the lipid peroxidation and antioxidant status
in experimental diabetes. They reported that streptozotocin—administration
decreased the levels of plasma antioxidant capacities in rats significantly (239).

According to these data, we can possibly assume that TEAC levels of biological
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fluids severely decreases after the administration of oxidative stress inducing
agents.

The results of TEAC experiments demonstrated that 200 mg/kg
(p < 0.01), 500 mg/kg (p < 0.01) of the extract and 50 mg/kg of silymarin (p <
0.001) administration increased the TEAC of total blood. The increase in 500
mg/kg group (28.49%) was close to the increase in silymarin group (31.55%).
The liver TEAC results also revealed similar results. 200 and 500 mg/kg of
extract and silymarin administration increased the total antioxidant capacity
significantly. Pradeep et al. found that silymarin treatment restored the depleted
levels of non-enzymatic antioxidants caused by diethylnitrosamine (237).
Fraschini (269) et al. reported that glutathione levels are elevated during
silymarin treatment, and GSH homeostasis in the system was maintained.
These data exerted that antioxidant molecules act not only in enzymatic
defenses but also in non—enzymatic defense parameters. The reason for
elevated TEAC values following the extract treatment was most probably due to
the same reason. These results indicated that in vivo antioxidant activity of 500
mg/kg of cornelian cherry leaf extract was close to that of silymarin, a well-
known antioxidant and antihepatotoxic component of Silybum marianum.
Therefore, it may be postulated that the cornelian cherry leaf extract might be
used as an alternative to silymarin. Although the dose of cornelian cherry leaf
extract was 10 times higher (500 mg vs. 50 mg), it should be bear in mind that it
was a crude extract when compared to silymarin, a mixture of flavonolignans.
On the other hand, the leaves of cornelian cherry are used against diabetic
complaints in Turkish folk medicine, indicating that they are probably safe for
human use. However, further studies are required to obtain clearer results for

toxicity profile.

Following the results of the in vivo activity tests, activity guided
fractionation of 80% methanolic leaf extract of C. mas was conducted. In vitro
assays were used for this purpose in order to avoid sacrificing more animals.
DPPH radical scavenging activity and ferric reducing antioxidant activity were

chosen because these tests cover the most important mechanisms of
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antioxidant activity: free radical scavenging and metal ion reducing. The results
indicated that ethyl acetate fraction had the highest activity on both tests as
shown in Table 56. Further chromatographic studies led to the isolation of gallic
acid, a well known antioxidant molecule. The activity studies demonstrated that
gallic acid had higher activity than ethyl acetate fraction. Lin et al. also isolated
the same molecule from the 70% acetone extract of fruits of Cornus officinalis
(21).

After the isolation of the bioactive compound, we calculated the amount
of gallic acid in 80% methanolic extract of C. mas by HPTLC, and found that the

extract contains the molecule at a ratio of 0.585 £ 0.007 % (w/w).
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6. CONCLUSION

This study was designed to investigate both in vitro and in vivo
antioxidant potentials of widely consumed fruits of three plants (Cornus mas L.,
Diospyros kaki L., Laurocerasus officinalis Roem.). We also investigated the
antioxidant potential of leaves of C. mas L. By this way, we aimed to compare
the antioxidant capacity in two different organs. We chose the leaf of C. mas
since it has been reported to be utilized traditionally used against diabetes in
Turkey; and the relationship between diabetes and oxidative stress has been

clearly demonstrated.

The results obtained from this study showed that all of the 80%
methanolic extracts showed antioxidant activity potential. The in vitro tests
displayed that samples had free radical scavenging activity and the capacity to
reduce metal ions that participate in the free radical generation. Besides, the
results of 3-carotene bleaching assay stated that the samples have the capacity

to inhibit in vitro lipid peroxidation.

In vivo activity studies also confirmed that all of the 80% methanolic
extracts increased the total antioxidant capacity in healthy rats, whereas they
did not induce any changes in the activities of antioxidant enzymes.

Studies on CCl—treated animals indicated that 80% methanolic extract of
C. mas leaves restored the lowered activities of antioxidant enzymes, reduced
the level of lipid peroxidation, and increased the deteriorated total antioxidant

capacity of these animals.

In vitro activity guided fractionation studies of C.mas leaves, which
demonstrated the highest activities in both in vitro and in vivo tests, revealed the

presence of a well known antioxidant compound, gallic acid.

All of these results showed that the consumption of antioxidant—rich fruits

might increase the total antioxidant capacity. On the other hand, C. mas leaves,
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which is traditionally used against diabetes in Turkey, might have beneficial
effects against elevated oxidative stress.
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