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ABSTRACT

COMPARATIVE ASSESSMENT OF ANTIOXIDANT CAPACITY OF

DOMAT OLIVE LEAF AND SARI YAPRAK OLIVE LEAF

Yoldas, F G. (2019). Comparative Assessment of Antioxidant Capacity of Domat Olive
Leaf and Sar1 Yaprak Olive Leaf. Yeditepe University, Institute of Health Science,

Department of Phytotherapy, MSc Thesis, istanbul.

Oxidative stress plays a role in several degenerative conditions, including inflammation,
cardiovascular diseases, and cancer. Organisms have a defensive capacity to defend
themselves against oxidative stress, but it is not entirely effective. Besides, fruits and
vegetables have excellent antioxidant properties. Olive, which has been planted because of
its fruit and oil for ages, has antioxidant property in its leaves. Olive trees grow in a
Mediterranean environment. There are many studies on the health benefits of olive leaf and
how it is used in traditional treatment. The recognition of the health benefits of olive leaf has
been on the rise. Different strains of olives are grown in different parts of Turkey. In this
study, the antioxidant capacity of 80% methanolic extraction of different types of olive leaves
was compared via DPPH radical scavenging activity, CUPRAC, and TOAC assays. At the
same time, phytochemical properties of different olive leaves’ strains were examined in vitro
as well, with total phenolic content and total flavonoid content assays. The effect of growing
region on how the antioxidant capacity of Sart Yaprak olive leaf changed was investigated.
As a result, different olive strains have different antioxidant capacity, and environmental
conditions affect the total of phytochemical assays and antioxidant activities for Sar1 Yaprak

olive leaf.

Key words: Olea europaea, Domat, Sar1 Yaprak, Phenolic Profile, Antioxidant Activity
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OZET

DOMAT ZEYTIN YAPRAGI ILE SARI YAPRAK ZEYTIN YAPRAGININ
ANTIOKSIDAN KAPASITESININ KARSILASTIRILMASI

Yoldas, F G. (2019). Domat Zeytin Yaprad ile Sar1 Yaprak Zeytin Yapragimin
Antioksidan Kapasitelerinin Karsilastirmal Degerlendirilmesi. Yeditepe Universitesi,
Saghk Bilimleri Enstitiisii, Fitoterapi ABD., Master Tezi, Istanbul.

Oksidatif stres, inflamasyon, kalp-damar hastaliklari, kanser gibi dejeneretif durumlarda rol
oynar. Canlilarin oksidatif strese karsi koyma kapasitesine sahiptir ve bu tamamen etkili
degildir. Meyve ve sebzeler iyi bir antioksidan 6zelligi olmasinin yani sira yillardir meyvesi
ve yagt igin dikilen zeytin yapragi da iyi bir antioksidandir. Zeytin, Akdeniz havzasinda
yetisen bir agactir. Zeytin yapraginin sihhat {izerine faydalar ve geleneksel tedavide nasil
kullanildigt hakkinda bir¢cok c¢alisma vardir. Zeytin yapraginin tibbi faydasinin bilinirligi
artmaktadir. Tiirkiye’nin farkli bélgelerinde farkli zeytin tiirleri yetismektedir. Bu ¢alismada,
farkli tiir zeytin yapraklarinin %80'lik metanolik ekstraksiyonunun antioksidan kapasiteleri
DPPH radikal siipiiriicii aktivitesi, CUPRAC ve TOAC deneyleriyle karsilagtirmigtir. Ayni
zamanda farkl1 zeytin tiirlerinin fitokimyasal 6zelligi total fenolik icerik ve total flavonoid
icerik deneyleriyle in vitro olarak karsilastirilmastir. Yetistirilme alaninin Sar1 Yaprak zeytin
yapraginin antioksidan kapasitesini nasil degistigi arastirilmistir. Sonuc olarak, farkli zeytin
tiirleri farkl antioksidan kapasitesine sahiptir ve ¢evresel sartlar in vitzro yapilan fitokimyasal
deneyleri ve antioksidan aktivitenin sonuc¢larini Sar1 Yaprak zeytin yapragi icin etkilemistir.

Anahtar kelimeler: Olea europaea, Domat, Sar1 Yaprak, Fenolik Profil, Antioksidan

Aktivite

Xvii



1. INTRODUCTION and AIM

There has been considerable interest in the use of medicinal herbs to prevent the
diseases and/or to assist the treatment. Traditional medicine is becoming popular throughout
the world, compared to synthetic drugs that could pose and cause viable threats and side
effects. Furthermore, a large number of researches are conducted on medicinal herbs used in
traditional medicine in order to prevent diseases or to slow down the aging process. A high
proportion of these effects are attributed to the phenolic compounds due to their antioxidant
properties. Antioxidants are known for their abilities to scavenge free radicals, which are
thought to be responsible for aging and systematic diseases. Olea europaea is considered to
be among the richest sources of natural antioxidant sources. Olive is one of the oldest
cultivated trees, and it has been cultivated since 2500 BC (1). Olive fiuit and olive oil are
widely consumed as food, and numerous studies have been conducted on their
pharmacological properties (2). In addition to them, the leaves of Olea europaea have been
the subject of many studies, most of which suggested a broad array of activity profiles.
Recent studies have shown that olive leaves are a major source of antioxidant phenolic
compounds.

Oxygen is compulsory for aerobic organisms to continue their lives. On the other
hand, it might be responsible for causing hazardous effects for overall health since cells
produce reactive oxygen species (ROS) when they consume oxygen. Organisms have their
own defense system against ROS, but it is not sufficient due to the presence of exogenous
oxidative stress factors such as UV rays, air pollution, etc. The danger of ROS mainly arises
from damage to DNA, lipids, and proteins. Besides, ROS are known to trigger many acute
diseases, chronic diseases, and cancers. Hence, it is crucial to maintain the equilibrium
between oxidative stress and the antioxidant process to avert the deleterious effects of
oxidative stress (3, 4).

As mentioned earlier in the text, olive (Olea europaea L.), which is a Mediterranean
tree, is one of the significant antioxidant resources. Although its origin remains uncertain,
the olive tree is thought to be first cultivated in Syria by Sami people due to its nutritious oil.
The olive tree was then spread from Syria to Anatolia and Ancient Egypt via traders between
2000-1000 B.C (4, 5). Furthermore, olive leaves were found to be placed in the tombs of
Ancient Egypt. The trees were later introduced to Spain and other countries located in the
Mediterranean coasts via trade routes. The primary usage of olive trees was to gain oil and

Romans succeeded in using the press method. The Spanish had supplied olive oil worldwide



since 1560. Also, olive trees are mentioned in Holy books like Quran, Bible, and Torah and
called Holy Tree. Undoubtfully, the olive trees possess a vital place in Greek mythology.
The city of Athens was believed to be founded when the olive tree was planted there by
Athena, and olive leaves were used as a crown in that area. Moreover, olive leaves are a
symbol of peace, as well (6).

Olive trees also have a major place in Anatolian culture. Some tools were found in
Cukurova, related to obtain olive oil and dated back to BC 2000-1200 (4). Some olive trees
are over a hundred years old in Turkey, and they were needed to be organized for proper
harvesting. Bornova Olive Research Institution was founded by M. Kemal Atatiirk’s order
in 1937 (5, 6).

Olea europaea leaf has been used traditionally for reducing blood sugar, uric acid,
cholesterol hypertension, inflammation, rheumatism, reducing fever, respiratory, urinary
tract infections, asthma. It is useful for stomach and intestinal diseases, hemorrhoids. It is
also known as laxative, diarrhea, cholagogue, mouth cleanser, anthelmintic, and vasodilator

(3, 5). A formulation prepared from olive leaves was even used against malaria (4).

As stated earlier, Olea europaea has an immense economic value due to its fruit and
olive oil, and there are many studies and articles about olive’s fruit and oil. Also, studies on
olive leaf have increased recently. Olives are not harvested, picking one by one for oil
extraction. Special rake is used for olive harvesting. Moreover, nets are dispersed under trees.
While olives are being harvested, their leaves are picked. The crop is obtained with olive
leaves, and 10% weight of harvested olive consists of olive leaves (7). Furthermore, every

year olive trees are trimmed, and the gathered leaves are not used and wasted.

In this research, the total phenolic and flavonoid contents as well as in vifro
antioxidant capacity of extracts prepared from different cultivars named Domat olive leaf
and Sar1 Yaprak olive leaf were compared. Domat olive and Sar1 Yaprak olive are cultivated
in Akhisar, Turgutlu, and Manisa region, and according to previous research, Domat olive
leaf has more antioxidant capacity according to other olives (8). For a better evaluation of
antioxidant potentials, in vitro tests with various mechanisms such as DPPH radical

scavenging activity and metal reducing activity (CUPRAC) were employed on samples.



2. GENERAL DESCRIPTION

2.1 Olea L.
2.1.1 Botanical Information
2.1.1.1 Oleaceae

The family of Oleaceae has approximately 25 genus and 600 species across the globe.
It grows in temperate and sub-tropical areas (9). They are usually in the form of trees or
shrubs. Leaves are exstipulate, deciduous or evergreen, simple, trifoliate or pinnate, opposite
or whorled, and rarely alternate. The calyx is campanulate, mostly small or rarely absent.
Flowers are hermaphrodite, rarely unisexual, 4(-9)-merous, actinomorphic. Coralla is
sympetalous, polypetalous or absent. Stamens are 2, the anther cells back to back, filaments
are adnate to corolla, or (when corolla absent) stamens free. The ovary is superior, 2- locular;
styles are usually short or absent; stigma is thickened, capitate, or mostly shortly bifid; ovules
are generally 2 per loculus, rarely 1 or 4-10. The fruit is a bilocular 2-valved capsule, samara,
berry or dupe; seeds 1-4.
1. Leaves compound (in wild species)

2. Leaves alternate (in wild species); corolla long-tubed; fruit a berry
1. Jasminum

2. Leaves opposite or whorled; corolla deeply divided or absent; fruit a samara

3. Fraxinus
1. Leaves simple
3. Fruit with lateral wings (samara) 2. Fontanesia
3. Fruit a drupe or berry
4. Leaves with dense lepidote scales beneath 5. Olea

4. Leaves without dense lepidote scales beneath
5. Flowers mostly in terminal panicles; corolla tube as long as
4. Ligustrum
5. Flowers in lateral clusters; corolla tube shorter than lobes
6. Leaf lamina 4-5-17 c¢cm; drupe 10-14 mm 6. Osmanthus

6. Leaf lamina less than 4 cm; drupe 3-8 mm 7. Phillyrea



2.1.1.2. Olea species

They are evergreen trees and shrubs with terete or quadrangular twigs. Leaves are
opposite, simple, lanceolate to obovate, usually entire, coriaceous. Flowers are
hermaphrodite or polygamous, in axillary branching panicles or fascicles. Calyx short, 4-
toothed. Corolla is with a short tube and 4 valvate lobes. Stamens are epipetalous, shorter
than lobes; filaments are short, anthers large. The fruit is an oblong or ovoid drupe.

2.1.1.3. Olea europaea L.

The tree is 10-15 m, with a broad crown, often gnarled trunk, and thornless nearly
terete branches; twigs lepidote, grey, buds very small, lepidote-sericeous, and greyish.
Leaves are lanceolate or obovate, (8-) 20-86 x (4-)5-17(-24) mm, subsessile, mucronate, dark
green and glabrous above, densely silvery-lepidote beneath. Panicles are shorter than leaves;
flowers are white, fragrant, 3-4 mm, drupe is subglobose or oblong, it is about 6-35-40 x 5-
20-25 mm, shining black, brownish-green or rarely ivory-white when ripe.

1. Leaves lanceolate, longer than 4 cm; twigs thornless, nearly terete; fruit large (to 35 mm).

var. eurgpaed

2. Leaves obovate, shorter than 4 cm; lower twigs + thorny and quadrangular; fruit small
(to 15 mm)
var. slyvestris
The variety europaea is a cultivated form. Many cultivars are grown in Turkey, such
as ‘Ayvalik’, *Cakir’, ‘Celebi’, *Cilli’, "Domat’, *Edinciksu’, "Erkence’, ’Gemlik’, "Halhalr’,

"Memecik’, "Memeli’, ‘Uslu’, etc. They were selected for their edible fruit and oil (9).



Table 1: Classification of Olea europaea (10)

Rank
Kingdom
Subkingdom
Superdivision
Division
Class
Subclass
Order
Family
Genus

Species

Scientific Name
Plantae
Tracheobionta
Spermatophyta
Magnoliophyta

Magnoliopsida

Asteridae

Scrophulariales or Lamiales

Oleaceae
Olea

Olea europaea L.

Figure 1: Olea europaea « var. sylvestris (9)
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Figure 2: World distribution of Olea europaea L. collection sites (11, 12)

2.1.1.4 Traditional Usage of Olea europaea L. Leaf

Olea europaea L. is used in traditional medicine. For example, decoction of olive
leaves is used internally for nodules in Gdénen (13). In Turkey, 5% infusion prepared from
the barks and leaves are used as an appetizer, diuretic, for reducing fever and constipation
(14). Besides, a recent study demonstrated that decoction of olive leaves is used againt

diabetes in Acipayam district (15).

Generally, the leaves of olive are used as hypoglycemic, hypotensive, anti-
inflammatory, mouth cleanser, and diuretic in traditional medicine. In Greece, for
diminishing high blood pressure, a hot water extract of olive leaf is applied. Besides, fresh
or dried boiled olive leaves are also used for the treatment of asthma in traditional Greek
medicine (16).

The infusion of fresh leaves of olive is prepared for the anti-inflammatory effect (3).
Moreover, in Italy, the tincture of olive leaves is febrifuge in internal usage and externally
used for ingrown nails (17, 18). In Japan, leaves of olive are utilized for stomach and
intestinal diseases per os (19). Olive leaf is applied in Mediterranean folk medicine to reduce
symptoms gout (20). Moreover, olive leaf is used for its antibacterial effect against gingivitis,

otitis, icterus, and cough in Tunisian folk medicine (21).



Table 2: The usage of Olea europaea leaf in traditional and contemporary medicine (3)

Preparation of Olea europaea leaf

Usage

Infusions and macerations of leaves

Hypoglycaemic, hypertensive, antidiabetic,
antibacterial

Decoctions of dried leaf (per os)

T Jvirneyy 410 i Fantin A3 1~
Jﬂl’ial"y tract HlfCCLluﬂS, aiarinca, and

respiratory

Boiled extract of green leaf (per os)

Asthma, to treat hypertension, eye
infections treatment

Leaf extract in hot water

Diuretic

Infusion of leaf (per os)

Antipyretic, tonic, anti-inflammatory

Leaf preparations

Symptomatic treatment of gout

Decoction of leaf

Antihypertensive, antidiabetic

Fruits and leaf

Rheumatism, vasodilator, Haemorrhoids




2.1.2. Bioactivity Studies on Olea europaea L. Leaf
2.1.2.1. Studies on Anti-inflammatory and Analgesic Activities

Biopsies were taken via colonoscopy from 14 patients with ulcerative colitis to
research the anti-inflammatory effect of OLE. Then, biopsies were placed into organ culture
immediately. After that, 1 pg/mL of lipopolysaccharide from Escherichia coli was added to
the organ cultures. 3 mM OLE was given to one of the organ cultures; none was added to the
other. The interpretation of (COX)-2 and (IL)-17 were measured via Western blotting. OLE-
treated colonic samples demonstrated a reduction of ranks of COX-2 and IL- 17 (22).

This research showed the topical effect of olive leaf extract ointment on oral mucositis
on 5-fluorouracil injected golden hamsters. After oral mucositis occurred, olive leaf extract
ointment was applied to the cheek pouch for five days. Blood examinations, histopathology
evaluations, and tissue malondialdehyde rank were examined 1%, 3" and 5™ days after
application. The histopathology amount and tissue malondialdehyde rank of the OLE- treated
group were lower than the control (no ointment) group and base group (23).

J.Flemming et al. studied inhibition of xanthine oxidase, gout related enzyme, with
Olea europaea leaf extract. Olive leaf extraction was prepared with 80% ethanol and 134
uM/g oleuropein. The activity of olive leaf extract was compared with allopurinol and K,
values were checked by using Dixon and Lineweaver-Burk plot analysis. The 80% ethanolic
OLE had potent activity against xanthine oxidase (21).

The chloroform and methanolic extraction olive leaf extract have shown the activity
of anti-inflammatory analgesic. Inflammation occurred via the carrageenan-induced paw
edema model in rats. The control group was given 2.5 mg/kg saline solution. 300 mg/kg
acetylsalicylic acid or 1 mg/kg dexamethasone was given to the standard group. Chloroform
and MeOH extracts at doses of 50, 100 and 200 mg/kg were injected to the test groups per
i.p. After injection of 0.05 mL 1% carrageenan suspension, Wistar rats paws were measured
via paleo thermometer at 0, 1, 2, 3, 4, and 5 hours after. For analgesic activity, abdominal
writhes were used as a pain indicator. The anti-inflammatory effect of OLE was monitored
from the first hour. The chloroformed extract had a better anti- inflammatory effect than

methanolic extract. Also, OLE showed a notable analgesic effect (24).



2.1.2.2. Studies on Antioxidant Activity

Olea europaea L. cv. Leccino decoction of leaves was prepared by boiling 250 g of
fresh olive in 2 litres of water for 30 min. Once cooled, it was filtered and extracted with
butanol, chloroform, and n-hexane. These extractions’ antioxidant capacities were
measured by DPPH, TAC, XOI, and, ALP, After the experiments, the olive leaves
extracted with water had a higher DPPH capacity, green olive leaves which were extracted
with n-butanol had a higher total antioxidant capacity, and the decoction of olive leaves
which was extracted with n-butanol showed higher total phenolic content (25).

In this research, Olea europaea leaves’ extract was tested on pre-menopausal and
postmenopausal women. The extract was prepared from 40 mg of olive leaves, extracted with
50% queous MeOH a solution. Women were chosen between 18 and 75 years old. Eight of
them were premenopausal women, and 8 of them were postmenopausal women. They were
given 250 mg OLE containing 40% oleuropein. Their blood samples were gathered t=0, 1,
2,3,4,6,8, 12, and 24 hours after and their urine samples were collected after 24 hours.
Ferric reducing antioxidant capacity and MDA were computed from plasma. The result of
this study showed that OLE decreases the MDA level in plasma (26).

Researchers wanted to demonstrate the ratio of phenolic compounds in olive leaves,
which were extracted in a different portion of solvents and temperatures. HPLC-DAD
detected phenolic compounds. First, dried olive leaves were extracted at 40°C for 2 hours.
20% aqueous ethanol solution was used, but the ratio of olive leaves and solvent was changed
in 1:5, 1:6, 1:7, 1:8 and 1:10. Second, solid and the solvent ratio were 1:10. Also, the
percentage of ethanol was changed to 20%, 40%, 55%, 70%, 80%, and 90%. Last, the
temperature was changed to 40, 60, 65, 70, and 85°C. Antioxidant activity was detected with
DPPH, and the Folin-Ciocalteau process was occupied to detect TPC. The higher yield was
observed from 1:7 sample at which the solvent ratio was 70% aqueous ethanol. At multistage
extraction, the highest extraction was obtained at 85°C. The TPC amount was increased by
higher than 75% in steam distillation (27).

The antioxidant activity of olive leaf extract was adjusted by the nitrite-scavenging
method and DPPH. OLE was prepared according to Lee et al. procedure in 2009. All phenolic
except vanillin had higher nitrite-scavenging capacity. In the DPPH method, the phenolics
mixture showed a higher DPPH scavenging activity after caffeic acid (28).

In this study, 200 g of fresh olive leaves were washed and dried. 80% aqueous
methanol solvent was used as 1:10 and [:20 as a sample: solvent ratio. 15, 30, 60, 90, and

120 min were the extraction time. Phenolic compounds were higher in the first 15 min.

9



The DPPH method showed a better antioxidant capacity in comparison to BHT in olive leaf
extract (29).

One gram of the sample was extracted 10 mL of solvents, which were chloroform,
ethyl acetate, chloromethane, acetone, hexane, EtOH, MeOH, butanol, and water. The
antioxidant activities of these extracts were measured by TLC. Three different solutions were
prepared for TLC; these were BEA, CEF, and EMW. 2% DPPH in methanol was sprayed
onto TLC plates, and yellow points were observed (30).

Olive leaves, stems, and seeds were extracted by maceration with different solvents
like; hexane, ethyl acetate, and MeOH. Their antioxidant capacities were measured by FRAP,
DPPH, ORAC, and B-carotene-linoleic acid bleaching assay. The different extracts prepared
from the same organ were demonstrated to be affected in terms of antioxidant, and found as
such: methanol/water > methanol > ethyl acetate > hexane (3 1).

This study showed that the amount of oleuropein was not the same during a year in
olive leaves. Oleuropein and total phenolic content were measured by HPLC. Folin-
Ciocalteu approach was operated to regulate TPC. The levels of oleuropein were higher in
January; there was no significant change between March and April, but the levels decreased
after the becoming of the olive fruit. DPPH, FRAP, ABTS, nitrite-scavenging assays, total
reducing power were exploited to determine the antioxidant capacity of the olive leaves. They
were extracted with 80% methanol-water, and its ratio was 1:25. The total antioxidant
capacity of oleuropein was higher than BHT (32).

Olive leaves and fruit were extracted with 75% ethanol. Ethanol was evaporated and
the extracted material was lyophilized. The antioxidant properties of olive leaves and fruit
were measured using reducing power assay, DPPH, ABTS radical+ scavenging capacity
assay, hydroxyl radical-scavenging activity capacity, and superoxide anion radical
scavenging ability. OLE (olive leave extract) showed a significant antioxidant effect than
OFE (olive fruit extract) in every experiment applied in this research (33).

In another study, four different cultivars were studied. These were Biancolilla,
Coratina, Nocellara, and San Benedettese. The olive leaves were dried at 40°C and extracted,
and samples were prepared 5 g in 100 ml of hot water and stored in darkness. TPC, DPPH,
and TEAC were applied to determine the antioxidant capacity. The cultivar of Bioncollila
had a higher level in TPC and DPPH. Bioncolilla and Nocellara were the same antioxidant
value in the ABTS assay (34).

Three cultivars which were Chondrolia, Halkidiki, Kalamon, and Koroneiki were
studied. Each sample was extracted with 70% MeOH and evaporated. The dry extract was
diluted with 70% methanol. DPPH, ABTS, FRAP, CUPRAC, HPLC assays were applied
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for antioxidant capacity. Also, TPC was measured. Higher antioxidant capacity was
determined in Chonrolia, and Halkidiki in vitro. In HPLC assay, different phenolics were
seen in all cultivations (35).

Antioxidant effects of olive leaf extract and olive cake, which was residue after olive
oil extraction, in different solvents were shown in this research. Furthermore, olive leaf
containing packages can be used as a radical scavenger. As solvent, ethanol (50% and 70%),
acetone (50% and 70%) and distilled water were used, and UPLC-QTOF-MS assay was
adjusted to figure out the results of the assays. Antioxidant capacity of 50% and 70% of
ethanol was higher than acetone (50% and 70%) in both leaf and cake extract. In ORAC
assay, olive leaves had higher value than olive cake and it was chosen to be used as
antioxidant in active film (36).

2.1.2.3. Studies on Antihyperlipidemic Activity

Oleuropein was insulated from Olea europaea and purified via RP-HPLC with a
thermal finning SPECTRA system. This was used to check hypolipidemic effects in
anesthetized rabbits. 52 rabbits were split into 8 groups. During 6 weeks, 10 and 20 mg/kg
of oleuropein were given to them. Cholesterol, triglycerides, SOD activity were measured by
HNMR spectra. The activity of oleuropein was discernibly higher than the control groups
(37).

OLE was prepared with 75% aqueous ethanol (1:20) to study the atherogenic lipid
profile in rats which were fed a high cholesterol diet. Forty of male Wistar rats were split
into 8 groups, and they are nourished by 2% cholesterol- enriched or standard eats for eight
weeks. 20 mg/kg Atorvastatin and 50 or 100 mg/kg OLE were given the rats. Serum samples
of the rats were analyzed to determine lipid levels and it was observed that both atorvastatin
and OLE significantly decreased the lipid levels in the rats’ serums, which were nourished
with high cholesterol diet (38).

In this research, the hypolipidemic effect of Chemlali OLE was studied in vivo. 50
Wistars rats were split into 5 groups. The premier group was bolstered with a standard
laboratory diet, the Group 2 was sustained with HCD, Groups 3 was nourished with HCD
and olive leaf extract. Group 4 was given. HCD with acid hydrolysate extract, and group 5
was given enzymatic hydrolysate extract (quantity succeeding to 3 mg/kg of body weight
oleuropein, hydroxytyrosol and, oleuropein aglycone) for 16 weeks. Phenolic content of
olive leaf extract decreased the lipid levels in serum and showed lipid-lowering effect and

vigilant outcomes against hypercholesterolemia (39).
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OLE has an anti-atherosclerotic effect and in this research was studied in vivo. 24
healthy male New Zealand rabbits were split into 3 groups. These were control group, HLD
group and HLD with OLE group which was given 100 mg/kg. The atherosclerotic markers
were examined at 2"¢, 4% and 6" week. Atherosclerotic lesions were observed both HLD and
HLD with OLE but the thickness of intima in HLD with OLE was thinner than HLD groups
(0.10 =+ 0.03 mm for HLD with OLE and 0.31 £ 0.26 in the HLD group) (40).

2.1.2.4. Studies on Antidiabetic Activity

Polyphenols of olive leaf (51.1 mg oleuropein and 9.7 mg hydroxytyrosol) were used
to assess insulin action in 46 middle-aged overweight men. OLE and placebo were given
once a day for 12 weeks. After 6 weeks and the washout period, groups were crossed over.
Then, 12 weeks treatment process began. At the end of the trial, the insulin resistance effect
of OLE showed a 15% improvement compared to the placebo (41).

Oleuropein was purified from O.europaea leaves of labeeb form and detected via
TLC, UV, IR, and NMR. During 16 weeks, alloxan-induced rabbits were given 20 mg/kg
oleuropein. The level of blood glucose of oleuropein-treated rabbits significantly fall at 16
weeks (42).

The antihyperglycemic activity of Olea europaea was studied as a TGRS against. For
Olea europaea extraction was gained 80% aqueous ethanol by maceration. Male (57BL/6)
mice were split into 2 groups. 5 of them were nourished a chow diet and 16 of them were fed
with a high-fat diet for ten weeks. The group which was nourished the high-fat diet was
separated into 2 groups. First groups (n= 8) continued to be fed high-fat diet and the other
group was fed on some food reinforced with oleanolic acid at a 100 mg/kg day dose. For the
glucose tolerance test, 2 g of glucose/kg was injected and tail vein blood was collected at 0,
15, 30, 45, 60, 90, 120, 150 and 180 min. Glucose level at the blood in mice who were
nourished high-fat diet with OA lower than mice fed on high fat diet (43).

Songi et al. studied the antihyperglycemic effect at oleuropein. Olea europaea L.
leaves were extracted with 70% ethanol. For animal experiment 36 male Wistar rats were
used 30 of them were diabetes via injection of streptozotocin. 3 and 5 mg/kg were injected
by intraperitoneal when the level of fasting blood glucose level was ruled. Treatment was

given along 56 days. Oleuropein showed a notable decline in blood glucose levels. It occurred

h
in the 4 week and at a dose of 3 mg/kg and 5 mg/kg (44).
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2.1.2.5. Studies on Antimicrobial Activity
The antimicrobial effect of Tunisian cultivations of Olea europaea leaf was studied.
The volatile fraction obtained from both fresh and dried leaves were used. The volatiles of
the fresh leaf showed stronger activity against Escherichia coli and Pseudomonas aeruginosa
than volatiles of the dried leaf. Otherwise, the volatile of the dried leaf was more effective

against Staphylococcus aureus than the volatiles of dried olive leaf (45).

The antimicrobial activity of olive leaf extract was proven against foodborne bacterial
pathogens such as Listeria monocytogenes, Escherichia coli and Salmonella enteritidis. 62.5
mg/mL OLE which was bought as a commercial OLE product or extracted with 80% ethanol
inhibits those pathogens. Moreover, OLE decreased the mobility of Listeria monocytogenes
and inhibited the biofilm formation of Listeria monocytogenes and Salmonella enteritidis
(46).

The activities of OLEs from 5 different Tunisian types of olive trees were studied on
Acanthamoeba castellanii Neff. Alamar Blue was used for determination of the anti-
Acanthamoeba activities. Water, EtOH, MeOH and a mixture of alcohol were used as a
solvent and mixture of alcohol extract of Dhokkar showed the highest anti-4canthamoeba
effect. The same research continued to find which compounds are effective in OLE as the
anti- Acanthamoeba. Oleanolic acid, maslinic acid, and oleuropein showed the highest
activity against Acanthamoeba castellanii (47).

In this study, the synergic interaction of olive phenols and ampicillin was observed
in vitro against Escherichia coli and Staphylococcus aureus. Phenolic compounds were
disclosed via HPLC in the commercial OLE. Hydroxytyrosol demonstrated an apparent
synergistic effect with ampicillin (48).

The antifungal activity of OLE was studied against Candida albicans and Candida
dubliniensis. The trypan blue exclusion approach and fluorescent die exclusion approach
were used to test the antifungal effect. Hydroxytyrosol showed more antifungal effect than
OLE which was aqueous extraction of olive leaf (49).

2.1.2.6. Studies on Anticancer Activity

Goldsmith et al. performed the anti-proliferative activity of OLEs on pancreatic
cancer cells in this research. Olive leaves were collected two varieties Olea europaea L.
which were Corregiola and Frantoio. 50% methanol, 50% EtOH, and aqueous extracts of
Corregiola and Frantoio of Olea europaea were searched of their TPC, TFC, and oleuropein
content, and anti-proliferative activity against MiaPaCa-2 pancreatic cancer cells.

Concentrations of OLE were 50, 100 and 200 pg/mL. The water extraction of
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Corregiola form showed a remarkable negative effect on MiaPaCa-2 pancreatic cancer cells
at 50 pg/mL. Overall, ethanol extraction of both varieties of Qlea europaea L. had higher
cytotoxicity on pancreatic cells contrasted to gemcitabine at its ICsq (50).

Supercritical fluid extraction of Tunisian olive form ‘El Hor’ was used to analyze
potential antiproliferative mechanisms on the JIMT-1 breast cancer cell line. In this research,
major elements were detected via HPLC and ESI-Q-TOF-MS after SFE extract incubation
of JIMT-1 breast cancer cells. These analyses were applied on cell cycle, MAPK, and PI3K
proliferation pathways. Especially, diosmetin was found as the principal metabolite in the
intercellular target. ‘El Hor-SFE’ olive extract showed cytotoxicity effect on MAPK route at
the ERK1/2 which mediated partially G phase (51).

The effect of OLE in Human Chronic Myelogenous Leukemia K562 cells was studied

in this research. Chemlali form of olive leaf was collected and olive leaves were extracted by

ethanol 70% (1/10, w/v) in darkness. The duration of extraction was 2 weeks at 23°C.
Oleuropein was detected at 254 nm via HPLC. COLE (Chemlali Olive Leaf Extract)
concentrations were 50 to 150 pg/mL and they were given every 24 hours. At 72" hours 150
pg/ml of COLE inhibited 17% of leukemia cells (52).

Nashwa et al. studied the anticancer influence of olive leaf in 2014. The olive leaves
were extracted with water (1:10) and 80% methanol (1:20) at the room temperature. Four
different cancer cell lines, breast, colon, hepatocellular and cervical carcinoma, were used,
and a reference drug, vinblastine was applied. The potent effect of OLE was shown against
HEPG-2 cancer cell line (29).

Commercial olive leaf extract powder was mixed in dimethylsulfoxide in a stock
solution of 300 mg/ml. HPLC-ESI-QTOF-MS gauged the uptake and metabolism of phenolic
compounds from olive leaves in SKBR3 cells. First, HPLC-ESI-QTOF-MS analyzed olive
leaf extract than, SKBR3 cells were incubated with 200 pg/ml of OLE at 15 min, 1, 2, 24 and
48 hours. After the incubation, intercellular phenolic compounds were checked by HPLC-
ESI-QTOF-MS. Oleuropein, lhuteolin-7-O-glucoside, and metabolites of luteolin-7-O-
glucoside were found in the cells. These compounds were responsible for antitumor activity
(53).

The anticancer effect of dried olive leave extract (DOLE) was searched on B16
mouse melanoma cell line in vitro. For DOLE, EFLA® 943 which was gathered from the
dried leaves of Olea europaea L. into ethanol (80% w/w) was used. The extract was
standardized to 19.8% oleuropein. Proliferation of B16 mouse melanoma was inhibited

DOLE-created B-16 cells stopped in Gy/G, phase of the cell cycle (54).
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2.1.2.7. Studies on Hepatoprotector Activity

Dried olive leaf was extracted with 80% methanol and its efficiency on a liver was
studied with rabbits which were induced hepatic damage by CCly4. Rabbits were divided into
5 groups. OLME was compared with Silymarin. The experiment existed for 4 weeks 50
mg/kg OLME and 100 mg/kg silymarin were used after the process, blood samples were
taken from rabbits and AST and ALT levels were measured. AST levels were the same at
groups that received OLME and silymarin but OLME reduced ALT level more than
silymarin (55).

In this research, oleuropein which was isolated from Olea europaea leaf was studied
in vivo. Thirty-three Sprague-Dawley rats were split aimlessly into four groups. The control
group received | ml of normal saline, the second group was given 4 g/kg ethanol, third group
accepted 15 mg/kg oleuropein, and the last group was allowed 4 g/kg cthanol after 120 min
15 mg/kg oleuropein. The experiment lasted 4 weeks. After 4 weeks, blood samples and liver
tissues were collected from rats. Concentrations of TC, TG, ALT, and AST was controlled.
Oleuropein reduced the level of ALT, AST, TG, and TC. Moreover, the result of oleuropein
and ethanol group was close to the result of control group (56).

2.1.2.8. Studies on Cardiovascular Activity

The OLE was studied renal ischemia-reperfusion on injured rats. Sevillano form of
Olea europaea was extracted with 80% ethanol. 40 male Sprague Dawley rats were
segregated into 5 groups which were control, I/R+0.5 ml water by gavages, I/R+OLE in 3
dissimilar doses (25, 50 and 100 mg/kg) one time in a day. It lasted for 2 weeks. Serum BUN
and creatinine MDA were measured. Three different doses of OLE improved the kidney
functions (57).

In this study, eighteen healthy volunteers and nine females joined the research to
show OLE effect on vascular function. This study continued for nine weeks. They consumed
OLE which had 151 mg oleuropein and 10 mg hydroxytyrosol and they were separated by
four weeks washout between June and September 2011. Their vascular function was
observed via the digital volume pulse. OLE improved vascular function. Arteriole stiffness
of OLE consumed group was distinguishably lower than the control group (58).

Synergic protective effect of Olea europaea L. leaf extract which was extracted with
80% ethanol and Hibiscus sabdariffa L. flower extract (13:2 w/w) was studied in this

research. The cardiac and vascular effects were examined via isolated guinea-piglet
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endothelial cells right atria and aorta. The mixture of both extracts showed the highest
cytoprotective effect that was detected via MTT assay on vascular smooth muscle (59).

In this research, the effect of oleuropein on cardiotoxicity was studied. Oleuropein
was isolated from Olea europaea L. via CH,Cly/methanol (98:2) and it was detected via RP-
HPLC. Fifty rats were split into 6 groups and 2 ml normal saline was injected intraperitoneal.
The first group was injected only DXR (20 mg/kg) the other