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Abstract

The Kingdom of Saudi Arabia is one of the countries in the Middle
East burdened with type 2 diabetes (T2D). This type of diabetes is
associated with an increase in the body's resistance to insulin
action. Elevated blood pressure is one of the most important
diseases that accompany T2D. Many experimental and clinical
studies have shown the effectiveness of olive leaves extract
(OLEX) in controlling T2D, as well as hypertension. This review
aimed to collect clinical studies conducted in humans that prove
the effectiveness of OLEX or its active constituent (oleuropein) in
combating T2D, hypertension, and hypolipidemia. Several studies
conducted in humans (diseased and healthy) showed the
effectiveness of OLEx or oleuropein in reducing both blood
glucose and lipids. It also improved the vascular functions and
reduced inflammation associated with high blood pressure and
diabetes. The mechanisms behind these pharmacological activities
were to scavenge free radicals, increase insulin production, and
reduce its resistance, raise nitric oxide synthesis, and dilate blood
vessels. From toxicological studies in experimental animals, it has
been shown that the OLEx may be safe to use. In conclusion,
studies on humans showed the effectiveness of OLEx in managing
T2D, hyperlipidemia, and hypertension, but there were limited-
number trials and did not use large numbers of participants, and
therefore large studies must be conducted to document
effectiveness and safety of OLEX.
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Diabetes mellitus is one of the most common health problems
faced by mankind and is a major public health problem (Najafipour
et al., 2018; Adiga and Kathyayan, 2019; Sheikhi ef al., 2019).
Type 2 diabetes (T2D) is one of the chronic diseases endemic in
the world. The T2D is widespread among millions of people on the
globe, and Saudi Arabia is one of the countries with the highest
prevalence of the disease (Naeem, 2015; Kolb and Martin, 2017).
The Kingdom of Saudi Arabia ranks second in the Middle East and
seventh in the world in containing diabetes (Abdulaziz Al Dawish
et al., 2016). The occurrence of this type of diabetes is due to one
and/or both of the two main reasons: insufficient insulin secretion
and/or the body's resistance to insulin action which causes chronic
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blood glucose rise (Siddiqui et al., 2013). Prolonged high blood
sugar causes a state of oxidative stress due to the accumulation of
free radicals and the consumption of antioxidants. Oxidative stress
is the main cause of various and serious complications of T2D
(Matough et al., 2012).

There are many regimens and medicinal systems that are used
effectively to control T2D. But all of them failed to fully control
the level of blood glucose, and then many of its users suffer from
various diabetes complications. These medicines also have many
side effects and are costly that burden the patients. This prompted
specialists and patients to search for therapeutic alternatives from
herbs and medicinal plants for use in T2D treatment systems (Ota
and Ulrih, 2017; Annunziata, 2018). In recent times, the goal of
many researchers was to reveal the therapeutic efficacy and the
mechanism of action of many herbs and nutritional supplements
for use as therapeutic adjunctive to control T2D in a real reflection
of the desire of patients as well as the pharmacy market
(Annunziata, 2018).

High blood pressure is one of the most important causes of vascular
disease, cardiac disorders, and high mortality rates (Huang et al.,
2019). Essential hypertension is closely related to endocrine and
metabolic disorders (Kasacka et al., 2015). Scientists also reported
that an increase in insulin levels and related factors (as in T2D) is
a direct cause of hypertension in humans (Wang et al., 2017).

Olive (Olea europaea L.) trees are one of the most important
agricultural products in the Mediterranean basin (Peralbo-Molina
and Luque deCastro, 2013). Olive leaves have long been used in
medication for diabetes as one of the popular folk treatments
(Komaki et al., 2003). It is common to use olive leaf extract
(OLEX) as well as its tea in Mediterranean and European countries
(Abaza et al., 2015). The OLEx is distinguished by its high
antioxidant value compared to other parts of the plant (Lins et al.,
2018). Besides this, OLEx contains many biologically active
substances including phenolic compounds, which have many
therapeutic activities like antidiabetic, antihyperlipidemic,
antihypertensive, antimicrobial, and antioxidant effects (Lockyer
et al., 2012; Guinda et al., 2015; Soliman et al., 2019). Oleuropein
is the phenolic compound most commonly found in olive leaf, and

it gives the bitter taste of virgin and edible oil (Cifa ef al., 2018).

While there are many studies of the potential therapeutic effect of
OLEZXx, few have been done on humans. This study aimed to collect
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the clinical trials that have proven the therapeutic effect of olive
leaves, OLEx, and/or oleuropein on T2D and/or its various
complications.

Antidiabetic effect of olive (Olea europaea L.) leaves extract

In a study that aimed to investigate the effect of taking OLEx
tablets (500 mg/day) for 14 weeks on glucose homeostasis in adults
with T2D, the trial was done on 79 outpatient clinic diabetics. The
study showed the ability of the OLEx to reduce the level of
hemoglobin Alc (HbAlc) and fasting insulin level compared to
the control group (Wainstein et al., 2012). Besides, in a controlled
double-blinded clinical study conducted on 46 middle-aged
participants of overweight (BMI 25-30 kg/m 2) men (more
susceptible to future metabolic syndrome and T2D). They were
given capsules containing OLEx for 3 months. The results of the
study indicated a significant improvement in the tissue sensitivity
towards insulin, as well as a statistically significant increase in the
ability of the pancreas to secrete insulin (de Bock et al., 2013).

Another study aimed to know the effect of extra virgin olive oil on
the level of blood glucose and lipids in patients with impaired
fasting blood glucose. The study was conducted on 30 patients who
were divided to eat either a meal containing 10 g of the oil or a
meal free of it. The study showed an improvement in postprandial
blood sugar and fat in these patients after they consumed the oil
(Carnevale et al., 2017). A recent study aimed to research the effect
of consuming oleuropein on blood glucose concentration after two
hours of meals. The study was conducted on 20 healthy subjects
who were placed in two groups, one of whom took 20 mg of
oleuropein and the other was the placebo. The measurements
resulted in a noticeable decrease in the level of glucose and
dipeptidyl-peptidase-4 (DPP-4) in the blood, and a statistically
significant increase in insulin and glucagon-like peptide-1
compared to the placebo group (Carnevale et al., 2018).

In addition, a recent study aimed to compare the effect of
oleuropein-enriched chocolate and control chocolate on blood
glucose and insulin levels in patients with T2D and healthy
subjects. Twenty-five diabetics of type 2 and 20 healthy subjects
were collected to participate in this study. Participants consumed
40 g of oleuropein-enriched chocolate or control chocolate. The
study showed that oleuropein-enriched chocolate resulted in a
moderate rise or no change in the state of glycemia in T2D patients
and healthy people, respectively (Del Ben et al., 2019).

Antidiabetic mechanisms of olive (Olea europaea L.) leaves extract

Several experimental studies suggested that the most important
mechanism by which the ethanolic OLEx reduces blood glucose is
to increase the peripheral uptake of glucose (Al-Azzawie and
Alhamdani, 2006; Yaseen Khan et al., 2007). It was described that
OLEx may raise glucagon-like peptide-1 excretion in vivo and in
vitro experiments and consequently can be applied as adjunctive
therapy in T2D (Rafferty et al., 2011).

A systematic review of several laboratory studies conducted on
experimental rats showed that OLEx increases insulin secretion
from the beta cells of the Langerhans islands (Abunab et al., 2017).
Carnevale ez al. (2018) demonstrated that the hypoglycaemic effect
of oleuropein is via lowering the signs of oxidative stress which
included soluble NADPH oxidase-derived peptide activity, 8-iso-
prostaglandin-2a, and platelet p47°"* phosphorylation) that were
analyzed two hours after the meal. A recent study showed that
oleuropein control T2D is likely to be mediated through incretin
modulation (Del Ben et al., 2019).

Hyperlipidemia and hypertension effects of olive (Olea europaea
L.) leaves extract

In a study carried out on 40 patients with borderline hypertension,
it was found that the administration of OLEX in a dose of 1000 mg
four times a day for 12 weeks significantly decreased the patient’s
blood pressure, total cholesterol, and LDL (Perrinjaquet-Moccetti
et al., 2008). In a longitudinal, randomized study, compared to
control which conducted on 39 patients with high blood lipids
(male and female), it was found that adding 1200 mg of OLEx
daily to patients resulted in significant decreases in the total
cholesterol, low-density lipoprotein, triglycerides, and ratio of total
cholesterol/high-density lipoprotein (Fonoll4 et al., 2010).

Another study was conducted on 148 patients (male and female) in
the first stage of high blood pressure. Patients were supplied with
1000 mg of OLEx every day. While the control group was supplied
with Captopril (antihypertensive drug). The treatment lasted for
two months. The study revealed that consuming OLEx reduced
blood pressure (both systolic and diastolic) and also lowered blood
lipid levels compared to the Captopril group (Susalit ez al., 2011).

More recently, a study was aimed to verify the effect of OLEx on
the function of the vascular system, as well as signs of
inflammation that occur postprandial. The study was conducted on
18 male and female volunteers who consumed 51 mg of oleuropein
for one time only. The results of the study showed a marked
decrease in digital volume pulse stiffness index (a measure of
vascular function) as well as the level of the inflammatory cytokine
as interleukin 8 compared to the control group (Lockyer et al.,
2015)

A cross-over controlled clinical study was conducted on 60 male
subjects aged 45 + 12.7 years in the pre-hypertensive stage
(systolic blood pressure: 121-140 mmHg; diastolic blood pressure:
81-90 mmHg). They were eligible to consume polyphenol-rich
OLEx (136 mg) for 6 weeks. A marked decrease in systolic and
diastolic blood pressure was observed throughout the day, and the
24-hour measure compared to the control group. The results also
indicated significant decreases in total cholesterol, low-density
lipoprotein, as well as triglycerides in comparison with the control
group (Lockyer et al., 2017).

In addition to the effect of OLEx as to lower blood pressure, a
recent study showed that the extract can reduce inflammation and
hypertension complications on the liver and kidneys. A
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randomized study was conducted on 60 hypertensive patients (30-
60 years). The participants were divided into two groups, one of
them consumed the OLEx and the other represented the control
group. The study lasted for 3 months. It was found that consuming
OLEx tablets reduced the inflammatory factors associated with
hypertension, while the renal and liver functions did not change as
a result of consuming the OLEx in these patients (Javadi et al.,
2019).

Antihypertensive/anti-hyperlipidaemic mechanisms of olive (Olea
europaea L.) leaves extract

The study conducted to examine the effect of OLEx on T2D
animals accompanied by renal hypertension induced by
streptozotocin (STZ), nicotinamide, and closure of the renal artery.
The results showed that there was a drop in systolic blood pressure.
Researchers attributed this to the antioxidant effect of OLExX. The
extract also increased nitric oxide concentration which induced
beneficial vasodilator effect (Nekooeian et al., 2014a).

It was also noted in another study that the oleuropein has caused
the protection of the cardiovascular system in the T2D
accompanied by high blood pressure due to impaired kidney
function. The underlined mechanism was confirmed to be due to
the inhibition of the action of the angiotensin-converting enzyme,
the closure of calcium channels, the widening of blood vessels, the
restoration of endothelial function, as well as the antioxidant effect,
and the scavenging of oxygen free radicals (Jemai et al., 2009;
Rodriguez-Rodriguez et al., 2009; Nekooeian et al., 2014b).

In a study on mice fed on meals with high fat content, it was found
that treating mice with OLEx had reduced the blood lipid levels
(total cholesterol, LDL, and triglyceride), and the authors
explained this to the enhanced effect of the antioxidant enzymes
(catalase (CAT) and superoxide dismutase (SOD)) that were
measured in liver tissue (Jemai et al., 2008).

Safety of olive (Olea europaea L.) leaves extract

Due to the many therapeutic uses of OLEX, it was necessary to
determine the extent of its safe use. Many studies indicated that
using the OLEx even in high doses did not have any toxic
symptoms (Clewell et al., 2016; Guex et al., 2018). Acute toxicity
studies (2000 mg/kg) and sub-chronic toxicity (100-400 mg/kg for
4 weeks) showed no toxicity symptoms when using OLEx (Guex
et al., 2018). The chronic toxicity of the OLEx (360-1000
mg/kg/day for 3 months) did not result in any toxic symptoms or
deaths (Clewell et al., 2016). On the contrary, a previous study
reported some histopathological changes and bleeding in the liver
and kidneys of rats treated with OLEx 0.9 % for 6 weeks (Omer et
al., 2012). Upon review of the publication, there was insufficient
information on the genetic toxicity of the OLEx (Acar-Tek and
Agagiindiiz, 2020).

Conclusion

From the collected studies it could be concluded that OLEx
effectively controls T2D, dyslipidemia, and hypertension.
However, there were restricted-number of studies that were carried
on human and thus it is recommended that huge studies must be
organized to record the potential therapeutic activity as well as the

safety of OLEx.
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