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Abstract : The aim of the present research was to study the diuretic effect of petroleum ether
and aqueous methanol extract of olive leaves in rats in 3 different doses. The diuretic effect of
co-administration of vitamin C with aqueous methanol olive leaf extract was assessed. The
mechanism of the diuretic activity was studied through determination of saluretic, natriuretic
and carbonic anhydrase inhibition indices, as well as glomerular and tubular functions in
experimental model of lithium. Phytochemical analysis of aqueous methanol extract was
assessed using chromatographic technique, UV and NMR spectroscopy. K/Na ratio was
determined in olive leaf and its aqueous methanol extract. Results: The tested extracts showed
diuretic activity in all the studied doses compared to control with different degrees and
variation in saluretic effect. Co-administration of vitamin C with olive leaves aqueous methanol
extract enhanced its diuretic effect. Urinary electrolytes produced by rats given olive leaf
extracts were significantly lower than that of furosemide but significantly higher than control.
Significant increase in creatinine clearance in rats given olive leaf extracts was noticed
compared to control in lithium model. K/Na ratio was high in olive leaf and its aqueous
methanol extract. Flavonoid compounds represented by luteolin, apigenin and apigenin 7-O-β-
D-neohesperopyranoside were identified in olive methanol extract. Conclusion: Olive leaf
extracts showed diuretic activity. Vitamin C had synergistic diuretic action with aqueous
methanol extract. The diuretic activity of aqueous methanol extract may be attributed to the
presence of vitamin C, flavonoids, and the high K/Na ratio that were identified in the plant.
Keywords : Olive leaf extracts, flavonoids, diuretic effect, vitamin C, mechanism of action,
rats, safety.

Introduction

Olive, Olea europaea L.,  is  a  species  of  a  small  evergreen  tree  in  the  family  Oleaceae,  native  to  the
coastal areas of the Mediterranean region. Leaves are evergreen, gray-green or silvery beneath and about 3-7
cm long. Flowers are small, fragrant, borne in panicles shorter than the leaves1.   Olive contains fixed oil, and
phenolic compounds2, oleuropein represent the main constituent. It also contains triterpens, sterols and
oleanolic acid3. The leaves contain glycosides, tannins, saponins, choline and unsaturated lactone elenolide1.
Olive has also been reported to contain an active constituent, β-(3,4-dihydroxy-phenyl) ethanol, which has been
proved to possess calcium channel blocking activity4. The leaves were reported to have hypoglycemic,
astringent and anti-hypertensive activity1,5. Olive leaf extract possess anti cancer effect6,7. Long term treatment
with olive leaf extract enhances antioxidant enzyme activity and protects the neurons against oxidative stress8.
Olive leaf extract was shown to have therapeutic role towards nephrotoxicity, atherogenic lipid profile and
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cardiac and hepatic toxicity9-11. Olive leaf extract also attenuates obesity in mice12. In Egyptian Folk medicine
Olive leaves are used as anti-rheumatic, anti-inflammatory, antinociceptive, antipyretic, vasodilatory,
hypotensive, anti-diabetic agents and diuretic.

Diuresis  is  important  in  the  treatment  of  many  diseases  ranging  from  acute  cases  as  renal  failure  to
chronic cases as hypertension, cardiac and hepatic diseases13,14.  The objective of the present research is to study
the diuretic activity of olive leaves extracts along with their mechanism of action. Assessing the potential
synergistic diuretic effect of vitamin C with the olive leaf aqueous methanol extract was among the aim of the
present research.

Materials and Methods

Phytochemical part

Materials

NMR spectra were obtained on Jeol ECA-500 spectrometer. DMSO-d6 was used as solvent. All
chemical shifts (δ) are given in ppm with reference to tetramethylsilane (TMS) as an internal standard; the
coupling constants (J) are given in Hz. UV spectra were recorded on Shimadzu UV-visible spectrophotometer
model UV 240 (Tokyo, Japan). Polyamide 6S (Riedel de Haen AG, Hannover, Germany); Sephadex LH-20
(Pharmacia Fine Chemicals, Uppsala, Sweden); Solvent mixtures, BAW (n-butanol:acetic acid:water, 4:1:5
upper phase), and paper  chromatography (PC), Whatman No. 1 MM (46 X57cm) (Kent, England) were used.

Plant material

Olive leaves (Olea europaea L. Family Oleaceae) were obtained from local market and authenticated in
the herbarium of Faculty of Science, Cairo University, Egypt.

Methods

Preparation of olive leaves:

Olive leaves were dried in hot air oven (temperature not more than 40°C) and reduced to powder.

Extraction, separation and identification of flavonoidal compounds

Extraction and separation

The dried powdered olive leaves were defatted with petroleum ether (40-60 ºC) in a Soxhlet apparatus,
and then extracted with methanol until exhaustion. The methanol extract was evaporated under vacuum until
dryness to a residue, and the methanol residue was suspended in water and partitioned successively with
chloroform and ethyl acetate. The ethyl acetate extract was subjected to column chromatography using
polyamide 6S and eluted with water followed by stepwise addition of methanol. All fractions obtained were
recombined according to their paper chromatographic analysis to give 3 major fractions. Each fraction was
purified by column chromatography (CC) on Sephadex LH-20 using methanol to get 3 compounds.  Flavonoids
1– 3 were detected as dark purple spots under UV light, changing to yellow when exposed to ammonia vapor
and by spraying with aluminum  chloride solution. Complete acid hydrolysis of the O-glycoside 1 was carried
out, followed by paper co-chromatography with authentic samples to identify the aglycones and sugar moieties.
The structures of the isolated compounds were determined from UV and NMR spectral data15.

Acid hydrolysis

Compound 1 (2 mg) in a  mixture of  8% HCl (1 ml)  and methanol  (4 ml)  was  refluxed for  2 h.  The
reaction mixture was reduced under pressure to dryness, dissolved in H2O (3 ml) and neutralized with Na2CO3.
The neutralized products were subjected to PC (eluent, benzene:n-butanol:pyridine:H2O, 1:5:3:3). The
chromatogram was sprayed with aniline hydrogen phthalate followed by heating at 100°C. The sugars were
identified after comparison with authentic samples.
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Biological and nutritional part

Materials:

1) Animals:

a) Rats:

Male Sprague-Dawley rats of 100-120 g body weight were used in the present study.

b) Mice:

Male and female albino mice of 21-25 g body weight were used in the acute toxicity test.

The animal experiments were carried according to the Ethics Committee of the National Research
Centre, Cairo, Egypt, and followed the recommendations of the National Institutes of Health Guide for Care
and Use of Laboratory Animals (Publication No. 85-23, revised 1985).

2) Diet:

Balanced diet (Casein 10%, corn oil 10%, sucrose 25.17, corn starch 50.33%, salt mixture 3.5%, and
vitamin mixture 1%) was fed to rats for evaluation of the safety of the olive extracts on long term.

3) Drugs:

Furosemide: Lasix® Aventis Pharma, Egypt.

5) Major chemicals:

Urea: Purchased from EL-Nasr Pharmaceutical Chemicals Company (ADWIC), Egypt.

Lithium chloride: Obtained from S.d.Fine-Chem ltd. Mumbai, India.

Methods

Preparation of olive leaf extracts

The dried powdered olive leaves were subjected to continuous extraction in a Soxhlet apparatus with
petroleum ether (40-60 ºC), followed by aqueous methanol until exhaustion. The solvents of both extracts were
evaporated under vacuum until dryness of the extracts.

Preparation of different doses of the extracts:

Petroleum ether, aqueous methanol extracts and a mixture of vitamin C with aqueous methanol extract
were emulsified separately in water using gum acacia.  Vitamin C was dissolved in water. All the doses were
prepared instantaneously before given to rats.

Evaluation of the diuretic activity of olive leaf extracts

The test is based on urine excretion in test animals in comparison to rats treated with a high dose of
urea. The method was described by Lipschitz et al.16 and modified by Kau et al17. After an adaptation period of
1 week, animals were divided into different groups (control groups, reference groups and eight test groups),
each of 7 rats. Rats were placed individually in stainless steel metabolic cages. The rats were given laboratory
stock diet and water ad-libitum. Seventeen hours prior to the experiment food and water were withdrawn. Each
dose of the tested extract was given orally to the rats in 0.5mL water per 100 g. body weight. Also each animal
of the reference groups received orally urea as 1 g per kg rat body weight in 0.5mL water per 100 g rat body
weight. Each rat of the control groups was given 0.5mL water per 100 g. body weight. Additionally 5ml saline
per 100 g body weight was given by gavage for all groups. Urine excretion was recorded after 5 and 24 hours.

       Petroleum ether and aqueous methanol extract of olive leaves were tested in 3 different doses (500, 600,
750 mg / kg rat body weight. Vitamin C was tested alone (200mg/kg). The aqueous methanol extract of olive
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leaves (500mg/ kg rat body weight) was tested in combination with vitamin C (200 mg/kg). The mean of urine
volume excreted per 100 g rat body weight was calculated for each group. Results were expressed as Lipschitz
value; i.e., the ratio T/U, in which T was the urine volume in response to the tested extract, and U, was that of
urea treatment. Indices of 1 and more were regarded as positive diuretic effect. Calculating this index for the
24-hour excretion period as well as for 5 hours indicated the duration of the diuretic effect. Mean urine volume
of the different test groups that showed non significant change or highly significant increase compared to that of
urea group reflected diuretic effect.  The whole experiment was not carried out in one time, so a control and a
reference group were run in each time.

Evaluation of the saluretic activity of olive leaf aqueous methanol extract 18.

Rats were divided into 3 groups, each of eight rats. The rats were placed individually in stainless steel
metabolic cages provided with a wire mesh bottom and a funnel to collect the urine. Twenty-four hours prior to
the test; food but not water was withdrawn. On the start of this step each rat of the first group (control group);
received 0.5mL distilled water orally per 100 g. rat body weight. The second group (reference group); received
25 mg furosemide per kg orally in 0.5 mL distilled water per 100 g. rat body weight. Each rat of the third group;
received orally 500 mg olive leaves’ aqueous methanol extract per kg rat body weight in 0.5mL distilled water
per 100 g. rat body weight. Urine volume was collected after 5 and 24 hours for each rat. For the 5 and 24-hour
urine of each rat the following electrolytes were determined:

1. Na+ and K+ content using flame atomic absorption spectrophotometer.

2. CL- content using colorimetric method19.

The sum of Na+ and CL- excretion is calculated as a parameter of saluretic activity. The ratio Na+/K+ is
calculated for natriuretic activity. The ratio CL-/(Na+ +K+) was calculated to estimate carbonic anhydrase
inhibition activity. Carbonic anhydrase inhibition can be excluded at ratios between 1 and 0.8. With decreasing
ratios slight to strong carbonic anhydrase inhibition can be assumed.

Studying the effect of olive leaf aqueous methanol extract on kidney function using experimental model
of lithium

In the present experiment, the effect of olive leaf aqueous methanol extract (test) on glomerular
filtration and proximal tubular reabsorption was studied. So, two groups, one control and one test group, each of
8 rats were run; rats of the control group received distilled water. Rats of the test group received aqueous
methanol extract of olive leaf. In this experiment the effect of 500 mg of the tested extract / kg rat body weight
on the urine volume, and on Na+, K+ and uric acid urinary excretions, glomerular and proximal tubular function,
as well as Na+ tubular handling, were investigated in 5mL/100 g body weight water-loaded rats in the individual
metabolic cages for 3 hours. The amount of water load provided free water clearance in order to suppress the
vasopressin effect on water re-absorption at the distal tubule segments and its effects on Na+ re-absorption20.
Glomerular and proximal tubular functions were measured, respectively, by creatinine clearance (CLcr) and
lithium clearance (CLLi). As previously established20-22, fourteen hour prior to urine collection, the rats received
lithium chloride at 0.6 mEq/ kg body weight by gavage, and were allowed water but not food overnight. The
5mL/100 g body weight water load was administered in two stages: 3 and 2mL/100 g body weight,
respectively, at 90 and 30 minutes before urine collection in the individual metabolic cages. At the second load,
the control rats received water; for the experimental rats, 500 mg of the tested extract /kg rat body weight were
added individually to the water. The urine was collected for 3 hours in the individual metabolic cages. Blood
samples were withdrawn at the end from eye vein orbital of anaesthetized animal. Urine volume and pH were
measured.  Serum  and  urine  Na+,  K+,  and  Li+ were determined using flame atomic absorption
spectrophotometer, while creatinine23 and uric acid24 were determined using colorimetric methods. Creatinine
clearance (ClCr), lithium clearance (ClLi), uric acid clearance, fractional excretion (FE), Na+ filtered load (FLNa)
and tubular handling: fractional proximal tubular reabsorption (FPTRNa), fractional distal tubular reabsorption I
(FDTRNa-I), and fractional distal tubular reabsorption II (FDTRNa-II) were calculated as mentioned previously
25.
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Evaluation of the safety of aqueous methanol extract of olive leaf

Long term study

Rats were divided into 2 groups, each of 10 rats. Rats of the first group were given daily oral dose of
the aqueous methanol extract of olive leaves as 500 mg/ kg rat body weight. The second group served as control
and given only the same amount of vehicle as in the first group. The experiment lasted for one month, during
which rats' body weight and food intake were followed twice weekly. At the end of the experiment, 24-hour
urine was collected and measured. Rats were fasted; blood samples were withdrawn from rats’ eye vein orbital
after ether anesthesia. The blood was divided into two parts: The first for determination of blood hemoglobin26

and packed cell volume27. The second part of blood was centrifuged at 4000 rpm for 10 min and the serum was
separated for determination of glucose28, Na29, K30, Mg31, Ca32, Zn33 and Fe34. Assessment of kidney functions
was carried out through determination of serum and urine creatinine23, serum urea35 and calculation of
creatinine clearance. Liver function was estimated through determination of the activities of transaminases
(ALT and AST)36. Serum total cholesterol37, high density lipoprotein cholesterol (HDL-ch)38,37, low density
lipoprotein cholesterol (LDL-ch)39,37, and triglycerides40 were assessed by colorimetric methods. Very low
density lipoprotein cholesterol (VLDL-ch) was calculated as previously41.

Different organs (liver, kidney, heart and spleen) were separated and weighed. Their percentages to
rats’ body weights were calculated. Also total food intake (TFI), body weight gain (BWG) and protein
efficiency ratio (FER), body weight gain/total food intake, were calculated.

Short term study (Acute toxicity test)

Acute oral lethal toxicity test of olive leaf aqueous methanol extract was carried out as reported
previously42. The 24-hour mortality counts among equal sized groups of mice (8 animals/group) receiving
progressively increasing oral dose (1, 2, 4, 6, 8, 10, 12g/ kg mouse body weight) of the tested extract were
recorded, if any.

Food chemistry

Vitamin C was determined in fresh olive leaf using 2, 6- dichlorophenolindophenol visual titration
method as previously43. The moisture and ash content were determined in olive leaves according to the method
described in AOAC44. The mean of triplicates was calculated. Na, K, Ca, Mg, Zn, Fe, Mn and Cu were analyzed
in the diluted solution of the ashed sample using flame atomic absorption spectrophotometer apparatus (Model I
L 157 atomic absorption/ air ethylene) according to AOAC44.

Statistical analysis of the results

Mean ± SE of the data of each group of the experimental rats was calculated. Results were analyzed
using SPSS version 10 by applying one-way ANOVA test using LSD at a probability of 0.01 and 0.05.

Results

Evaluation of the diuretic activity of olive leaf extracts:

In the present study the significant increase or the non significant change in urine volume of the test
groups compared to urea group showed that  the tested extract  has diuretic  activity that  is  higher  or  similar  to
urea group which is reflected by T/U (Lipschitz value) that was noticed to be more than one or very near to one,
respectively. The significant increase in urine volume of the test groups compared to control may reflect some
diuretic activity which if not similar to urea group may reflect weak diuretic activity.    Data in table 1 showed
five and twenty-four hours urine volume (ml /100 g rat body weight) of different test groups given 500, 600 or
750 mg petroleum ether or aqueous methanol extract /kg rat body weight, control group,  urea group and the
corresponding Lipschitz values. Table 1 also contains the urine volumes of rats given vitamin C and those given
vitamin C with 500 mg aqueous methanol extract /kg rat body weight. It can be noticed that urine volume at
both 5 and 24 hours of rats given urea was significantly higher than that of the control group. Urine volume at 5
hours of rats given petroleum ether extract of olive leaves in the different studied doses showed significant
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higher values than the control group. However urine volume at 24 hours was only significantly higher than
control on administration of 750 mg of petroleum ether extract /kg rat body weight.

Ingestion of petroleum ether extract of olive leaves showed that both 5 and 24 hours urine volumes
were not significantly changed at the dose of 500 compared to that at 600 mg/kg, however both urine volumes
at the dose of 750 mg/kg were significantly higher than that at the lower doses.

All the tested aqueous methanol extracts in the different studied doses produced significant increase in
urine volume compared to control at both 5 and 24 hours.

Administration of aqueous methanol extract of olive leaves produced non significant change in 24
hours urine volume at the different administered doses (500, 600 and 750 mg/kg) compared to urea group.
Ingestion of aqueous methanol extract of olive leaves, at the dose of 600 mg/kg produced non significant
change in 5 hours urine volume compared to urea group.

On administration of aqueous methanol extract of olive leaves, the 5 hours urine volume showed non
significant change between the dose of 500 and 600 while significant increase was noticed when the dose of
500 and 600 were compared with that at 750 mg/kg. The 24 hours urine volume of the groups given aqueous
methanol extract of olive leaves showed that it did not significantly differ at the different doses.

Table 1: Five and twenty-four hours urine volume (ml /100 g rat body weight) of control group (C), urea
group (U), test groups (T)) and T/U values of  the different test groups: Petroleum ether extract of olive
leaves, aqueous methanol extract, aqueous methanol extract in combination with vitamin C and vitamin
C.

5 hours 24 hoursGroup
Urine volume T/U Urine volume T/U

Control 0.7 ± 0.046 a 2.2 ± 0.104 a

Urea (1g/kg rat body weight) 2.5 ± 0.117 b 3.8 ± 0.081b

Aqueous methanol extract of olive
leaves (500 mg/kg rat body weight) 1.9 ± 0.115 c 0.76 4 ± 0.071b 1.05

Aqueous methanol extract of olive
leaves (500 mg/kg rat body weight) +
Vitamin C (200 mg / kg rat body weight)

4.1 ± 0.229 d 1.64 6.4 ± 0.133 c 1.68

Control 0.8 ± 0.049 a 2.3 ± 0.119 a

Urea (1g/kg rat body weight) 2.7± 0.133 b 4 ± 0.117 bc

Vitamin C (200 mg/kg rat body weight) 2.2 ± 0.122 d 0.81 3.6 ± 0.098 c 0.9
Control 0.6 ± 0.05 a 2.1± 0.153 a

Urea (1g/kg rat body weight) 2.3 ± 0.163 b 3.6 ± 0.098 b

Aqueous methanol extract of olive
leaves (600 mg/kg rat body weight) 2 ± 0.059 bc 0.87 3.8 ± 0.101 bc 1.06

Aqueous methanol extract of olive
leaves (750 mg/kg rat body weight) 1.5± 0.101 d 0.65 3.6± 0.083 b 1

Control 0.6 ± 0.05 a 2.1± 0.153 a

Urea (1g/kg rat body weight) 2.1 ± 0.111 b 3.4 ± 0.097 b

Olive leaves petroleum ether extract(500
mg/kg rat body weight) 1± 0.13c 0.48 2.3 ± 0.106 a 0.68

Olive leaves petroleum ether extract(600
mg/kg rat body weight) 1.2 ± 0.069 c 0.57 2.4 ± 0.191 a 0.71

Olive leaves petroleum ether extract(750
mg/kg rat body weight) 1.8 ± 0.123 d 0.86 3.3 ± 0.113 b 0.97

Values are expressed as mean ± S.E. where n = 7 rats per group. For each of the 5 and 24 hours urine collection
same letters within a column means non significant difference; different letters means significant difference
among the experimental groups; where p < 0.05 for 5 hour urine collection and p < 0.01 for 24 hour urine
collection.
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It can be noticed also that combination of vitamin C with the aqueous methanol extract of olive leaves (500 mg/kg)
produced a synergism for its diuretic effect after 5 hours where T/U ratio was 1.64. This effect persisted for the 24 hours
where T/U ratio was 1.68.

Studying the effect of olive leaf methanol extract on kidney function using experimental model of lithium.

       In the experimental model of lithium, data in table 2 showed that administration of aqueous methanol
extract of olive leaf showed no significant change in urine volume, urine pH, lithium clearance, uric acid
clearance and its fractional excretion compared to control. Urine creatinine and creatinine clearance of rats
given aqueous methanol extract of olive leaves were significantly higher than that of the control. The urinary
excretion of sodium, lithium, potassium and uric acid in rats given orally distilled water (control) or 500 mg of
aqueous methanol extract of olive leaf /kg rat body weight showed non significant difference. Rats given
aqueous methanol extract of olive leaf were similar to the control group concerning Na+ filtered load, fractional
proximal tubular reabsorption, fractional distal tubular reabsorption I, and fractional distal tubular reabsorption
II.

Saluretic activity of aqueous methanol extract of olive leaf

Table 3 showed that 5 and 24 hour urinary sodium were significantly higher in furosemide treated rats
than the control group. The 5 and 24 hours urinary sodium of olive leaf aqueous methanol extract treated group
showed significant higher value than control group but significant lower levels than furosemide treated group.

It can be noticed that the 5 and 24 hour urinary potassium were significantly higher in furosemide
treated rats than the control group. Administration of olive leaves aqueous methanol extract produced
significant increase in urinary potassium compared to furosemide and control group after 5 and 24 hours. The
mean values of 5 and 24 hour urinary chloride were significantly higher in furosemide treated rats than the
control group. The 24 hours urinary chloride of rats given olive leaves aqueous methanol extract was
significantly lower than that of furosemide. Olive leaf aqueous methanol extract produced significant increase
of urinary chloride after 24 hours compared to control. The urinary chloride of rats given olive leaves aqueous
methanol extract after 5 hours showed non significant difference with the control.

        It can be noticed that administration of furosemide produced significant increase in saluretic, natriuretic
and carbonic anhydrase inhibition indices after 5 and 24 hours compared to control. The 5 hours saluretic, and
the 5 and 24 hours natriuretic and carbonic anhydrase inhibition indices of the group given olive leaves aq.
methanol extract showed significant decrease compared to that of furosemide treated group. The values of 5 and
24 hours saluretic indices of olive leaves aq. methanol extract group were significantly higher than control.

Evaluation of the safety of methanol extract of olive leaves

Data in table (4) showed that daily oral administration of 500 mg aqueous methanol extract of olive
leaves /kg rat body weight for 30 days did not affect most of the biochemical parameters compared to control
group. However serum calcium, AST activity and total cholesterol level significantly decreased in the group
given the methanol extract compared to control. No significant change was noticed in organ weight of liver,
kidney, heart and spleen as percentage of body weight on administration of methanol extract compared to the
control group. In table (5) it was noticed that oral administration of the aqueous methanol extract of olive leaves
in a dose of 500 mg/kg for 30 days did not produce any significant changes in final body weight, body weight
gain, total food intake or the food efficiency ratio compared to that of control group.

Acute toxicity test revealed that the aqueous methanol extracts of olive leaves caused no mortality up to
the highest tested dose (12 g / kg mice body weight).
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Table 2: Urine volume (V), pH, creatinine (ClCr), lithium clearance (ClLi), uric acid clearance, fractional
excretion (FE) and Na+, K+, Li+, creatinine and uric acid urinary excretions (μmol/ min/ 100g body
weight)   of  rats  of  the  control  and  the  test  group.  The  table  also  contains  Na+ filtered load (FLNa) and
tubular handling: fractional proximal tubular reabsorption (FPTRNa), fractional distal tubular
reabsorption I (FDTRNa-I), and fractional distal tubular reabsorption II (FDTRNa-II) of rats of the
control and the test group.

                               Groups
Parameters

Control Olive leaves aqueous
methanol extract

V (μl/ min/100 g body wt) 12.44 a± 0.69 13.17 a± 0.84
pH 6.65 a± 0.09 6.84 a± 0.11
Cl Cr (μl/ min/100 g body wt) 213 a± 13.111 262.8 b± 14.989
Cl Li (μl/ min/100 g body wt) 20.94 a± 4.355 18.58 a± 4.54
Uric acid clearance
(μl/min/100g body wt)

         61.3 ± 10.926a             52.05 ± 11.627 a

Uric acid FE (%)          27.75 ± 3.406a                 19.74 ± 4.452 a

Na+         0.0095 ± 0.003 a 0.0092 ± 0.001 a

K+ 0.0054 a± 0.0009 0.0075a± 0.0011
Li+ 0.0017 a± 0.0003 0.0017 a± 0.0004
Creatinine 0.007 a± 0.0004 0.011 b± 0.0007
Uric acid 0.0013a± 0.0002 0.0013a± 0.0003
FLNa (μmol/min/
100 g body weight)

25.13 ± 3.957 a 36.9 ± 3.22 a

FPTRNa (%) 91.58 ± 1.167 a 92.46 ± 1.993 a

FDTRNa-I (%) 99.43 ± 0.121a 99.48 ± 0.145 a

FDTRNa-II (%) 8.37 ± 1.164 a 7.51 ± 1.992 a

Results  are  represented  as  mean  ±  S.E.  where  n=  8  rats  per  group,  within  a  row  same  letters  means  non
significant difference; different letters means significant difference among the experimental groups (P < 0.05).

Table 3: The first five and the twenty-four hours urinary sodium, potassium, chloride, Na+Cl, Na/K and
Cl/Na+K of the different experimental groups.

                        Groups

Parameters

Control Furosemide (25
mg/kg)

Olive leaves (aq.
methanol extract)
(500 mg/kg)

5 hours 1.3 ± 0.064 a 4.03 ± 0.069 b 2.01 ± 0.039 cUrinary sodium
(mmol) 24 hours 3.27 ± 0.03 a 6.51 ± 0.043 b 3.99 ± 0.02 d

5 hours 3.8 ± 0.173 a 4.9 ± 0.207 b 5.9 ± 0.096 cUrinary
potassium (mmol)

24 hours 5.3 ± 0.133 a 7.01 ± 0.1 b 9.1 ± 0.046 c

5 hours 1.7 ± 0.054 a 5.1 ± 0.135 b 1.89 ± 1.498 adUrinary chloride
(mmol)

24 hours 3.5 ± 0.131 a 8.29 ± 0.141 b 5.05 ± 0.084 e

5 hours 3.01 a ± 0.105 9.13 b ± 0.098 3.9 d ± 0.061Urinary Na+Cl
24 hours 8.57 a ± 0.125 13.55 b ± 0.115 13.09 c ± 0.041
5 hours          - 0.83b ± 0.031 0.34a± 0.007Na/ K
24 hours          - 0.93 b ± 0.014 0.439 c ± 0.004
5 hours          - 0.58b ± .029 0.24e ± 0.006Cl/Na+K
24 hours         - 0.61b± 0.014 0.386  a± 0.006

Results are expressed as mean ± S.E., where n=8 rats per group; within a row, different letters means significant
difference among the experimental groups (P < 0.05).
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Table 4: The different biochemical parameters after 30 days of daily oral administration of 500 mg/kg of
the aqueous methanol extract of olive leaves compared with normal control group.

                                                     Group
Parameter Control

aqueous
methanol extract
of olive leaves

Blood haemoglobin (mmol/l) 7.78 ± 0.165 a 8.12 ± 0.231 a

Haematocrite (% from whole blood) 46.86 ± 1.3 a 47.04 ± 1.14 a

Serum glucose (mmol/l) 5.18 ± 0.628 a 5.95 ± 0.792 a

Na (mmol/l) 169.22 ± 14 a 149.02 ± 2.1abSerum
electrolytes K (mmol/l) 6.78 ± 0.522 a 8.71 ± 1.063 a

Mg (mmol/l) 0.867 ± 0.078 a 1.05 ± 0.038 a

Ca (mmol/l) 1.96 ± 0.053 a 1.66 ± 0.032 b

Zn (μmol/l) 17.63 ± 0.878 a 16.6 ± 3.033 a
Serum
minerals

Fe (μmol/l) 37.23 ± 3.52 a 45.41 ± 3.908 a

Serum creatinine (mg/dl) 1.13 ± 0.062 a 0.96 ± 0.059 a

Urinary creatinine (mg/dl) 137.8 ± 7.049 a 138.2 ± 6.421 a

Creatinine clearance (ml/min) 1.028 ± 0.161 a 1.613 ± 0.25ab

Kidney
function
Tests Serum urea (mmol/l) 6.1 ± 0.528 a 6.22 ± 0.183 a

ALT (IU/ml) 50.56 ± 2.161 a 45.75 ± 1.88 aLiver
function
Tests AST (IU/ml) 90.78 ± 1.526 a 71.85 ± 2.60 b

TG (mmol/l) 0.983 ± 0.102 a 1.1 ± 0.108 a

T-Cholesterol (mmol/l) 2.2 ± 0.094 a 1.94 ± 0.099 b

HDL-cholesterol (mmol/l) 1.245 ± 0.103 a 1.307 ± 0.137 a

LDL-cholesterol (mmol/l) 0.417 ± 0.15 a 0.357 ± 0.127 a

Serum lipid
profile

VLDL-cholesterol (mmol/l) 0.197 ± 0.02 a 0.22 ± 0.022 a

Liver 2.3 ± 0.052 a 2.4 ± 0.156 a

Kidney 0.533 ± 0.021 a 0.567 ± 0.056 a

Heart 0.3 ± 0.0001 a 0.283 ± 0.031 a

Organ
weight
(% Of
FBW) Spleen 0.383 ± 0.031 a 0.317 ± 0.017 a

Values  are  expressed  as  mean  ±  S.E.,  n=  10  rats  per  group,  within  a  row same  letters  means  non  significant
difference; different letters means significant difference among the experimental groups (P < 0.05).

FBW: final body weight.

Table  5: Nutritional parameters after 30 days of daily oral administration of 500 mg/kg the aqueous
methanol extract of olive leaves  compared with normal control group.

  Group

Parameter

Control
aqueous methanol
extract of olive
leaves

IBW (g) 189.3 ± 3.66 a 190.8 ± 6.96 a

FBW (g) 246.8 ± 7.814 a 241.2 ± 10.28 a

BWG (g) 57.5 ± 7.76 a 50.4 ± 6.87 a

TFI (g) 363.6 ± 17.8 a 376.35 ± 18.66 a

FER 0.1511 ± 0.02 a 0.1323 ± 0.018 a

Values  are  expressed  as  means  ±  S.E,  where  n  =  10  rats  per  group;  within  a  row  same  letters  means  non
significant difference; different letters means significant difference among the experimental groups (P < 0.05).

IBW: initial body weight; FBW: final body weight; BWG: body weight gain; TFI: total food intake; FER: food
efficiency ratio.
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Food chemistry:

Vitamin C was shown to be 3 mg/100g fresh olive leaves. Ash content gives an indication of the total
mineral content in the sample and it is used for determination of the individual minerals. It is 7g/100g dry olive
leaf. It can be noticed that moisture content of olive leaves was 50.4%. In olive leaves, potassium content was
higher than that of sodium, which was reflected in K/Na ratio which was 8. The  contents  of  Na,  K,  Ca,
magnesium, zinc, iron, manganese and copper were 117, 934, 5395, 330, 10.4, 35, 139, 2.8 as mg/100g dry
olive leaf. Ash content of olive leave aqueous methanol extract was 6%.The K/Na ratio in olive leave aqueous
methanol  extract  (8.1)  was  more  or  less  equal  to  that  of  the  mother  plant  (8).  Na  and  K  were  231  and  1864
mg/100g olive leave aqueous methanol extract. Calcium, zinc, iron and manganese content of the extract (585,
0.9, 28, 1.7 mg/100g) showed reduced values than that of the original plant. magnesium in the olive extract
(324 mg/100g) was more or less similar to that in the plant. Copper content in the aqueous methanol extract of
olive leaves (1.7 mg/100g) was lower compared with that in the original plant.

Phytochemical Results

Identification of flavonoidal compounds from olive leaf:

Three flavonoidal compounds were identified in olive leaf methanol extract. These are apigenin 7-O-b-
neohesperopyranoside, luteolin and apeginin (Fig, 1).

Apigenin 7-O-b-neohesperopyranoside:

Yellow powder,  PC Rf 0.38 (BAW) and 0.23 (15% HOAc). Normal acid hydrolysis gave glucose, rhamnose
and apigenin (CoPC). UV lmax (MeOH): 268, 331; (NaOMe): 276, 322 sh, 392; (AlCl3): 276, 302, 346, 387
(AlCl3/HCl): 276, 300, 340, 387; (NaOAc): 268, 300, 368; (NaOAc/H3BO3): 269, 297, 336. 1H NMR: d = 7.9 (2H, d, J =
8.5 Hz, H-2'/6'), 6.9 (2H, d, J = 8.5 Hz, H-3'/5'), 6.84 (1H, s, H-3), 6.8 (1H, d, J = 1.5 Hz, H-8), 6.6 (1H, d, J =
1.5 Hz, H-6), 5.05 (1H, d, J = 7.5 Hz, H-1''), 4.06 (1H, br,  H-1'''), 1.08 (1H, d, J =  6.1 Hz, CH3-Rh)

Luteolin:

Yellow  powder,  PC  Rf 0.68 (BAW) and 0.06 (15% HOAc). UV lmax (MeOH): 253, 349; (NaOMe): 273, 409;
(AlCl3): 272, 330, 343, 421 (AlCl3/HCl): 258, 277, 386; (NaOAc): 268, 296, 367; (NaOAc/H3BO3): 260,306, 371. 1H NMR:
d = 7.3 (2H, dd, J = 8.0 & 1.5 Hz, H-2'/6'), 6.79 (1H, d, J = 8.0 Hz, H-5'), 6.57 (1H, s, H-3), 6.35 (1H, d, J = 1.6
Hz, H-8), 6.09 (1H, d, J = 1.6 Hz, H-6).

Apigenin:

Yellow powder, PC Rf 0.65 (BAW) and 0.04 (15% HOAc). UV lmax (MeOH): 269, 298, 334; (NaOMe): 276,
322 sh, 394; (AlCl3): 276, 302, 346, 382 (AlCl3/HCl): 276, 300, 340, 382; (NaOAc): 280, 300, 368; (NaOAc/H3BO3): 269,
297, 337. 1H NMR: d = 7.94 (2H, d, J = 8.1 Hz, H-2'/6'), 6.93 (2H, d, J = 8.1 Hz, H-3'/5'), 6.79 (1H, s, H-3), 6.48
(1H, d, J = 2.5 Hz, H-8), 6.18 (1H, d, J = 2.5 Hz, H-6).

Apigenin 7-O-b-neohesperopyranoside                                         R= H  : Apigenin
                                                                                                       R=OH : Luteolin

OH

OH O

O

O

OH

OH
OH

O
CH3

OH
OHOH

OH
R

OH

OH O

Figure 1: Structure of Apigenin, luteolin and apigenin 7-O-b-neohesperopyranoside
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Discussion

Diuretic activity of medicinal plants was related to the presence of phytosterols, flavonoids, saponins,
volatile constituents, coumarins and vitamin C45-47 as well as to plant K/Na ratio48.

The diuretic effect of petroleum ether and aqueous methanol extract of olive leaves was studied in the
present work. The mechanism of action, safety, chemical analysis of minerals and vitamin C and phytochemical
analysis of the flavonoidal compounds were assessed in the aqueous methanol extract which showed the most
efficient diuretic effect.

Lipschitz test showed that the tested extracts possess diuretic activity in all the tested doses with
variable degrees. The aqueous methanol extract was more efficient than the petroleum ether extract which could
be due to the flavonoidal content represented by luteolin, apigenin, apigenin 7-O-β-D-neohesperopyranoside
detected in the present study. In addition, other constituents have been cited to have diuretic effect; in this
respect, the diuretic effect of urosolic acid and oleanolic acid isolated from olive leaves was reported after 5 and
24 hours of their intraperitoneal injection which was comparable to that of urea49. It was proved that an active
constituent, b - (3.4 – dihydroxy – phenyl) ethanol, which was found in olive leaves has calcium channel
blocking activity and thus has smooth muscle relaxing effect4. Such effect can decrease vascular resistance and
thus increase the renal blood flow and the glomerular filtration rate. Also, olive leaf extracts could relax smooth
muscles by direct action and thus increases blood circulation and urine secretion. Extracts rich in flavonoids
were used as therapeutic agents in cases of small vessel permeability50. Flavonoids were reported previously to
treat oedema51 which could be due to their inhibiting activity of cyclic AMP phosphodiesterases52. Sugar
alcohols as mannitol and sorbitol reported to present in olive leaves49 are not mnetabolized in the body
following systemic absorption from the alimentary tract and undergo glomerular filtration as such. As a result
of hyperosmolality of the glomerular filtrate, water reabsorption in the proximal tubule is reduced and diuresis
occurs, acting as osmotic diuretic53. However it was shown that an ethanol extract from the olive leaves
administered orally produced no change in urine volume collected at 15, 30, 45, 60, 120 and 240 min compared
to placebo54. This confliction of literature may be explained by the difference of the type of extract, the
constituents of olive leaves variety, the time of urine collection and the dose level.

The diuretic effect of the petroleum ether extracts might be attributed to the presence of sterols and
triterpens. Sterols were reported to be spironolactone analogues and could block Na+ reabsorption in distal
tubules, resulting in increase natriuresis without change in potassium excretion3,53. It was documented that olive
leaves contain triterpens3, which has been reported to increase the urine output55.

On administration of vitamin C at 200 mg /kg rat body weight in the present study, it produced diuretic
effect similar to urea after 24 hours. Long ago, it has been proven that vitamin C in green leafy vegetables has
diuretic activity45, so it was important to study vitamin C content in the studied plants.

Co-administration of vitamin C with olive leaves aqueous methanol extract, in the present study,
produced a significant increase in diuretic activity compared to that of the extract alone, pointed to the
synergistic effect of vitamin C which might be due to additional diuretic effect of vitamin C itself and a vitamin
C enhancement of the bioavailability of this extract 56, by increasing their intestinal absorption, inhibiting their
metabolism or enhancing their renal reabsorption56.

Mineral elements in the medicinal herb especially K/Na ratio was reported to possess diuretic effect48, 54,

57, 58. From the present study it can be noticed that K/Na ratio was high in olive leaf aqueous methanol extract
(8.7) which may participate in the diuretic activity of such extract.

In the saluretic experiment in the current study furosemide significantly increased excretion of sodium,
potassium and chloride which go in line with our previous study25 which could be ascribed to inhibition of
Na+/K+/2Cl- Symporter in the ascending loop of Henle and reduction of carbonic anhydrase. Olive leaf extract
produced significant increase of urinary sodium, potassium and chloride in 24 hours compared to control in the
saluretic experiment. The excreted sodium and chloride was significantly lower than that of furosemide, but the
potassium excreted on administration of the extract was significantly higher than furosemide. The high
concentration of potassium excreted on administration of the extract was expected not to induce hypokalemia
(as seen when administered for a month due to the high concentration of potassium in such extract as seen from
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its  chemical  analysis  in  the present  study which  agreed with the work of  Benjumea et al.58. In renal tubules;
carbonic anhydrase catalyzes the production of hydrogen ions. This action could be inhibited by some diuretics,
thereby an increased excretion of urinary sodium bicarbonate and K was noticed in the urine59. The ratio CL /
(Na+K) could be a measure of carbonic anhydrase inhibition11 if it is below 0.8.  The lower the ratio the more is
the carbonic anhydrase inhibition.  Administration of furosemide in the present study produced a ratio of 0.58
and 0.61 in 5 and 24 hour urine, respectively which account for carbonic anhydrase inhibition which agreed
with the work of Laurence and Bennett60. Olive leaf extract in the present study showed ratios of 0.24 and 0.386
in 5 and 24 hour urine, respectively which reflect a stronger carbonic anhydrase inhibition than furosemide. The
high level of potassium in the extract as seen from the result may participate in the reduction of the ratio.

In the lithium model carried out in the present study; urinary excretion of creatinine and creatinine
clearance were significantly higher than the control on administration of olive extract. So, it is postulated that
olive leaf extract could increase the glomerular capillary hydrostatic pressure thereby increasing the effective
filtration pressure and consequently the glomerular filtration measured by creatinine clearance. Also the extract
might produce dilatation of mesangial cell thereby induce area increment that could affect filtration coefficient
and glomerular filtration. In the present study urine pH of the group given olive extract was similar to control
which indicated that the effect of any of the extracts on H+/K+ antiporter might be excluded. This is supported
by the inability of the extract to decrease potassium reabsorption reflected by the non significant change in urine
potassium in this step. The non significant change in lithium clearance on administration of olive leaf extract
may suggest that the proximal tubular function was not involved in the mechanism of action of the olive extract
as diuretic. This is because lithium clearance is considered proximal tubular marker20, 22.

Concerning the safety of the aqueous methanol extract of olive leaves after daily oral administration for
a month, it can be noticed that their safety on liver and kidney functions was verified during this study. No
significant change has been noticed in serum potassium, magnesium, zinc and iron. Previously it has been cited
that synthetic diuretics produced reduction in some elements and elevation in others61, 62.  Also it can be noted
that although urinary excretion of potassium was high on administration of such extract in the saluretic
evaluation experiment however there was no hypokalemia noticed in the present prolonged administration
which may be explained by the high potassium content of such extract. Also the presence of magnesium, zinc
and iron in the extract as shown from its analysis may prevent the reduction of their serum level. Also there was
non-significant change in the different nutritional parameters, serum glucose level and the majority of lipid
parameters reflected the secure usage of such extracts.  Reduction in total cholesterol after administration of the
aqueous methanol extract of olive leaf clarified the possibility of beneficial effect during hyperlipidemia, which
is important when the extracts were used as diuretics in hypertensive patients. The reduction in the serum total
cholesterol might be due to the presence of flavonoids in the extract. This active constituents was reported
previously to possess hypocholestrolemic effect63. It can be noticed here that although there was reduction in
serum total cholesterol however it was still within the normal range of rats, clarifying that the extract has no
negative effect on normal. However one drawback was the significant reduction of serum calcium in the test
group. It has been reported by Zhu et al.64 that diuretics could cause desensitization of the vascular smooth
muscle cells to the rise of the intracellular calcium. So, olive leaves extract may work with a mechanism differ
from that of thiazides.

Toxicological study has shown that olive leave extract was very safe up to 12 g / kg mice body weight.
This dose corresponds to 93 g / 70 kg man body weight for human when extrapolated to corresponding
estimates in human adopting interspecies dosage conversion scheme65.

Conclusion:

Olive leaf aqueous methanol extract showed superior diuretic activity than the petroleum ether extract
in the three studied doses. Vitamin C had synergistic diuretic action with aqueous methanol extract. Aqueous
methanol extract of olive leaves showed complete safety except for reduction of serum Ca. The diuretic activity
of aqueous methanol extract may be attributed to the presence of vitamin C, flavonoids, and the high K/Na ratio
that were identified in the plant. Within the extreme of the present study; the mechanism of action  of  the
diuretic activity of olive leaf aqueous methanol extract might be attributed to carbonic anhydrase inhibition and
enhancing glomerular filteration. Proximal tubular function was suggested to be not involved in the mechanism
of action.
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