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Introduction 

Oxidative stress is  an imbalance between the cellular 
generation of ROS and the capacity of anti-oxidants  in 
favor of oxidants (Wu et al., 2015) that can be an impor-
tant mediator in damaging cell structures, including 
lipids and membranes, proteins, and DNA. Currently, 
this oxidative stress has been implicated in the patho-
genesis of various diseases including hypertension, 
hypercholesterolemia, diabetes, heart failure, inflamma-
tion and aging (Gönenç et al., 2013).  

Hypertension is one of the important risk factors for the 
cardiovascular diseases and is associated mostly with 
coronary heart disease, renal disease and cerebro-
vascular disease. Therefore, it is a major cause of 
morbidity and mortality (Athiroh et al., 2014). The 
recent studies have predicted that the prevalence of 
hypertension, at global level, will increase from 1 billion 
of the adults to 1.5 billion in the year 2025 (Gutiérreza et 

al., 2014). 

Plant phenolics and flavonoids represent the major 
groups of plant constituents that work predominantly 
as powerful anti-oxidants or scavenger of free radicals. 
They play beneficial role in human health and cure/
prevent many diseases such as cardiovascular diseases, 
hypertension, inflammatory disorders, cancer, and dia-
betes which occur due to the deregulation of free radi-
cals generation in the cells (Chouhan and Singh, 2011).  

Thus, much attention has been paid to the study of 
medicinal plants, including the screening of natural 
bioactive compounds such as phenolic compounds with 
the ability to cure, prevent the progression of many 
diseases (Yadegarinia et al., 2006)  and the exploration 
of traditional medicines may reveal new treatment 
options to increase the therapeutic arsenal by the 
discovery of novel medicines and to offer lower cost 
alternatives in developing countries that increasingly 
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share the same concerns (Qu et al., 2016). 

Origanum glandulosum Desf. is an endemic spontaneous 
plant of Algeria and Tunisia. In Algeria, this species is 
called " Zaatar" (Oukil et al., 2011) and it is used for  the 
treatment of cough, bronchitis, common cold, fever 
(Khadir et al., 2013), hypertension and digestive 
disorders (Boudjelal et al., 2013). However, different 
studies have been published on its pharmacological 
properties as antibacterial, antifungal (Oukil et al., 2011; 
Khadir et al., 2013) and anti-oxidant activities (Oukil et 
al., 2011; Belhattab et al., 2005). But, no previous 
pharmacological or clinical study was carried out to test 
the hypotensive and diuretic effects of this plant. Thus, 
the objectives of our study were to evaluate the 
hypotensive and diuretic activities of O. glandulosum in 
healthy albino rats. Also, the phytochemical analysis 
and the in vitro anti-oxidant properties of various 
extracts from this plant were investigated. 

Materials and Methods 

Plant material 

The leaves of O. glandulosum were collected from the 
Setif region in Northeastern of Algeria during June 
2012. The plant was identified by Prof. Hocine Laouar, 
Institute of Agronomy, Setif (Algeria) and a voucher 
specimen (No.: LO 215)  was deposited in the Nature 
and Life Sciences Faculty herbarium (University Ferhat, 
Abbas, Setif 1, Algeria). The leaves were shadow-dried 
and powdered using an electrical grinder. 

Animals 

Healthy male adult albino rats, weighing 200–250 g
were used. Animals were housed in an air-conditioned 
animal room (12 hours light/dark cycle, 23 ± 2°C). All 
the animals were given food and water ad libitum. 

Phytochemical analysis of phenolic compounds 

Phenolic compounds were extracted from the powder 
according to Markham (1982) with slight modification. 
One kilogram of the plant powder was extracted with 
5L methanol (85%) at room temperature for five days. 
The filtered solvent was evaporated under reduced 
pressure in a rotary evaporator at 40 °C and lyophilized 
to afford a crude methanol extract (100.2 g). The 
methanol extract (100 g) was dissolved in 1L water–
methanol mixture (9:1) and was then partitioned by 
successive extractions with different solvents of 
increasing polarity (hexane, chloroform and ethyl 
acetate). Each fraction was evaporated to dryness under 
reduced pressure to obtain hexane, chloroform, ethyl 
acetate extracts, and the remaining aqueous extracts. 
After that, 15 g of ethyl acetate was dissolved in 
methanol and adsorbed on 15 g of silica gel (Kieselgel 
60 HF254) and then loaded on a silica gel column (0.063-
0.2 mm, Riedel-Dehaen, 2.8 cm i.d.) packed in chloro-

form. The column was first eluted with chloroform, and 
then with chloroform-methanol mixture of increasing 
polarity. Totally, 38 fractions (250 mL for each) were 
obtained and similar fractions were combined accor-
ding to their thin layer chromatographic plates, using 
different solvent systems. The structures of the isolated 
compounds were determined by NMR and mass spec-
trometry. 13C-NMR, 1H-NMR, DEPT-NMR and 2D-
NMR (HMQC, COSY 45 and HMBC) spectra were 
recorded using a Brucker 500 MHz spectrometer. 
Electrospray ionisation mass spectra were recorded 
using Brucker Daltonics Apex IV, 7.0 T Ultra shield 
Plus. Chemical shifts were presented as part per million 

(ppm) or the -scale relative to tetramethylsilane (TMS).

Determination of total polyphenols content 

Total phenolic contents were estimated by Folin–
Ciocalteu method (Li et al., 2007). Such method consists 
of Folin-ciocalteu's reagent reduction by the phenolic 
hydroxyl groups, resulting in the formation of a blue 
product in alkaline solution. Briefly, 100 μL of plant
extracts were added to 500 μL of Folin-Ciocalteu
reagent (diluted 10 times). After 4 min, 400 μL of
sodium carbonate solution (7.5%) was added. Subse-
quently, the shaken mixture was allowed to stand for 90 
min at room temperature, and then the absorbance of 
all samples was measured at 760 nm. The amount of 
total polyphenols in different extracts was determined 
from a standard calibration curve of gallic acid (0.00 to 
160 μg/mL) and the results were expressed in mg
GAE/g of extract.  

Determination of total flavonoids content 

Total flavonoids content was estimated according to 
aluminum chloride method (Bahorun et al., 1996). 
Aliquot of 1 mL of each extract was added to equal 
volume of a solution of 2% aluminum chloride. The 
mixture was vigorously shaken, and the absorbance 
was read at 430 nm versus methanol blank after 
incubation in dark at room temperature for 10 min. 
Quercetin (0–40 μg/mL) was used as standard for the
calibration curve and flavonoids contents were 
expressed as μg quercetin equivalent (QE)/ mg of  dry
extract. 

Anti-oxidant activity of plant extracts 

DPPH radical scavenging assay 

Free radical-scavenging activity of the plant extracts of 
O. glandulosum was measured in terms of the hydrogen
donating or radical-scavenging ability using the stable
radical DPPH (2,2´-diphenyl-1-picrylhydrazyl) accor-
ding to published procedure of Burits and Bucar (2000)
with slight modification. Briefly, 50 μL of various
extract dilutions were mixed with 5 mL of 0.004%
methanol solution of DPPH. After an incubation period
of 30 min in dark at room temperature, the absorbance
was measured at 517 nm. BHT was  used as standard.
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Inhibition of free radical DPPH in percent (I%) was 
calculated using the following equation: 

I% = 100 (Acontrol – Asample) /Acontrol 

where Acontrol was the absorbance of blank solution (containing 
all reagents except the test compound), and Asample was the 
absorbance in the presence of extract 

The extract concentration that produces 50% inhibition 
(IC50) was calculated from the plot of inhibition 
percentage against extract concentration. A lower IC50 
value corresponds to a higher anti-oxidant activity of 
the extract. 

Hydroxyl radical scavenging assay 

The hydroxyl radical scavenging activity of O. 
glandulosum extracts was carried out as described by Li 
et al. (2008) with slight modifications. Briefly, a mixture 
of 100 μL of 1,10-phenanthroline (5 mM), 100 μL of
FeSO4 (5 mM) and 100 μL of EDTA (15 mM), 70 μL of
sodium phosphate buffer (0.2 M, pH 7.4) were added to 
100 μL of extract solution  and 140 μL of hydrogen
peroxide (0.01%). After 1 hour of incubation at 37°C in 
water bath, the absorbance was read at 536 nm. Vitamin 
C was used as a positive control. The scavenging 
activity of hydroxyl radical effect was calculated 
according to the following equation:  

Hydroxyl radical scavenging activity (%) = (As– A0) ×
100/( A c- A0 ) 

Where, As was the absorbance of the sample (in the presence 
of the extract), A0 was the absorbance of the blank (distilled 
water); and Ac was the absorbance of a control in the absence 
of hydrogen peroxide 

Evaluation of the diuretic activity 

The diuretic activity was determined following the 
methods used by Zhang et al. (2010) with slight 
modification. The rats were randomly distributed into 
five groups of five rats each with similar average body 
weight and then were fasted and deprived of food for 
18 hours with free access to water. Before treatment, the 
animals were pretreated with physiological saline (0.9% 
NaCl) at an oral dose of 25 mL/kg, to impose a uniform 
water and salt load. Each group was then treated as 
described in grouping and dosing section orally by 
gavage. Group 1 served as neutral control, received 
saline (5 mL/kg); Group 2 served as positive control, 
received furosemide (20 mg/kg); Groups 3, 4 and 5 
received 100, 300 and 600 mg/kg body weight of 
methanol extract, respectively. 

Immediately after the administration of drugs, rats 
were individually placed in a metabolic cage, and then 
the cumulative urine excreted was measured at the end 
of the fifth hour in all groups. The pH was directly 
determined on fresh urine sample using a pH-meter. 
Also, the urinary electrolyte (Na+, K+, Cl-) concentra-
tions were analyzed using a semiautomatic Biochemis-
try Analyzer (Beckman AutoMate; CX9 PRO., USA) and 
Na+/K+  ratio  was calculated to evaluate the natri-
uretic activity of different extracts.  

Statistical analysis 

In vitro results were expressed as mean ± standard 
deviation (SD). The differences between extracts were 
determined by analysis of variance (one-way ANOVA) 
followed by Dunnett's test. The in vivo results were 

Box 1: Blood Pressure Measurement in rat

Principle  

Blood pressure can be measured in anesthetized rats by 
simply connecting a catheter to a pressure transducer. Carotid 
artery contains baroreceptors for evaluation of blood pressure  
and femoral artery for the injection of extact only. Femoral 
artery is commonly used. 

Requirements 

Cannula; Gilson polygraph; Extract (methanol and ethyl 
acetate); Rat; Sodium thiopental; P23AA Statham pressure 
transducer; Syringe  

Procedure 

Step 1: The rat was anesthetized with an intraperitoneal 
injection of sodium thiopental (50 mg/kg) 

Step 2: The trachea was exposed and cannulated to facilitate 
easy respiration 

Step 3: The right carotid artery was cannulated and connected 
to P23AA Statham pressure transducer situated at the level of 
the heart and connected to a Gilson polygraph 

Step 4: Also, the right femoral vein was cannulated for 
the intravenous injection of the plant extracts 

Step 5: After a steady baseline, the blood pressure was 
obtained for at least 15 min, methanol extract and ethyl 
acetate extract were injected intravenously in doses of 0.04, 
0.12, 0.4, 1.2, 4, and 12 mg/kg 

Step 6: Blood pressure was allowed to stabilize before any 
further administration of the extract 

Step 7: The changes in diastolic blood pressure, systolic blood 
pressure and mean arterial blood pressure were recorded and 
expressed as percent of their respective control values 
obtained before the administration of test substances 

Notes 

1. Blood pressure can also be measured by tail-cuff method 
which is less accurate. But it does not require any surgery 
and can be repeated almost indefinitely 

2. Inhalational anesthetic may be used instead of 
intraperitoneal injection 

References  

Abdalla et al., 1994 
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presented as mean ± standard error of mean (S.E.M) 
and were compared using Student’s t-test. All results
were analyzed using GraphPad Prism version 5.00. 
Differences were considered significant at p<0.05.  

Results 

Identification of isolated compounds 

This phytochemical investigation revealed the isolation 
of two compounds (Figure 1), katuranin (1) and 5-
isopropyl-3-methylphenol (2) . 

Katuranin (1): Tetra-hydroxylated  flavanone; katuranin 
or aromadendrin which was isolated as white  amor-

phous powder after purification of fraction (5-6) by 
preparative thin layer chromatography using 20% 
methanol/chloroform. 1H- and   13C-NMR spectroscopic 
data  for  katuranin  was as follows: 1H-NMR (500 MHz, 
DMSO) δ ppm:  4.58 (1H, d, J=11.4 Hz, H-3), 5.01 (H, d,
J=11.4 Hz H-2), 5.90 (1H, d, J=1.5 Hz, H-8), 5,95 (1H, d, 
J=1.5 Hz, H-6), 6.79 (2H, d, J=8.4 Hz, H-3' & H-5'), 7.31 
(2H, d, J=8.4 Hz, H-2' & H-6'). 13C-NMR (500 MHz, 
DMSO) δ ppm: 71.9 (C-3), 83.3 (C-2), 95.5 (C-8), 96.5 (C-
6), 100.9 (C-10), 115.4 (C-3' & C-5'), 128.0 (C-1'), 129.9 (C-
2' & C-6'), 158.2 (C-9), 163.0 (C-4'), 163.7 (C-7), 167.4 (C-
5), 198.3 (C-4). 

The mass spectrum of katuranin gave a molecular ion 
peak at m/z=287.05611, which correspond to the 
formula [M - H]+ . 

5-Isopropyl-3-methylphenol (2): Fraction (1-2) was puri-
fied by thin layer chromatography plates using 2%
methanol/chloroform to give pure compound which

was identified as 5-isopropyl-3-methylphenol. 1H- and 
13C-NMR spectroscopic data of 5-isopropyl-3-methyl-
phenol was as follows: 1H-NMR  (500 MHz, CDCl3) δ 
ppm: 1.30 (6H, b.s, H-8 and H-9), 2.30 (3H, s, H-10), 3.40 
(1H, b.s, H7), 6.63 (1H, m, H-6), 6.79 (1H, m, H-2), 7.11 
(1H, m,  H-4 ). 13C-NMR (500 MHz, CDCl3) δ ppm: 16.0
(C-10), 18.0 (C-8 & C-9), 22.0 (C-7), 109.7 (C-6), 116.9 (C-
2), 121.5 (C-4), 126.7 (C-3), 131.9 (C-5), 147.8 (C-2). 

Total polyphenols and flavonoids contents 

The total phenolics and flavonoids content among the 
different extracts of O. glandulosum are presented in 
Table I. The results showed that O. glandulosum 
fractions contained phenolic compounds in the 
following order: ethyl acetate extract> chloroform 
extract> methanol extract> aqueous extract, whereas 
the total flavonoids contents of plant extracts had the 
following order: chloroform extract> methanol extract> 
ethyl acetate extract> aqueous extract. As a result, the 
highest phenolic content was noticed in ethyl acetate 
extract with value of 514.8 mg GAE/g of dry extract, 
whereas the highest total flavonoids content was 
recorded in chloroform extract (22.6 mg QE/g of dry 
extract).  

Anti-oxidant activity assessment  

DPPH radical scavenging activity of extracts 

As seen in Figure 2A, ethyl acetate, methanol and 
chloroform extracts from the O. glandulosum leaves 
showed a stronger ability to scavenge DPPH radicals (2, 
2-diphenyl-1-picryl-hydrazyl)  than reference standard
(butylated hydroxytoluene, BHT); (IC50=0.031 ± 0.000
mg/mL) (p<0.001) followed by IC50 values of 0.006 ±
0.000 mg/mL, 0.017 ± 0.000 mg/mL, 0.021 ± 0.000 mg/
mL, respectively. However, the aqueous extract showed
the lowest scavenging activity with value of IC50 equal
to 0.029 ± 0.002  mg/mL.

Hydroxyl radical scavenging activity of extracts 

Similar to the DPPH radical scavenging activity results, 
all of the tested fractions of O. glandulosum were able to 
reduce the generation of hydroxyl radicals (Figure 2B) 
but the highest activity was found in ethyl acetate 
extract with IC50 values as follows: 0.285 ± 0.008 mg/
mL, 0.642 ± 0.000 mg/mL, 0.715 ± 0.050 mg/mL and 
0.936 ± 0.010 mg/mL for ethyl acetate, chloroform,  
methanol, and aqueous extracts, respectively.  

Hypotensive effects of extracts in anesthetized rats 

Our results revealed that the intravenous administra-
tion of methanol and ethyl acetate extracts experimen-
ted at the range doses from 0.04 to 12 mg/kg body 
weight produced a dose-dependent and transitory 
hypotensive effect in the anesthetized rats by 
decreasing systolic, diastolic and mean blood pressure. 

At the maximal injected dose (1.2 mg/kg) of the 

Table I 

Total polyphenols and flavonoids contents in 
O. glandulosum extracts 

Extracts Total phenolic con-
tent 

(mg GAE/g DW) 

Total flavonoids 
content 

(mg Q E/g DW) 

Methanol 179.9 ± 0.8 12.6 ± 0.6 

Chloroform 239.9 ± 1.5 22.6 ± 0.8 

Ethyl acetate 514.8 ± 4.3 8.5 ± 0.2 

Aqueous 162.7  ± 1.8 6.2 ± 0.6 

Results are expressed as means ± SD (n = 3)  

Figure 1: Structure of isolated compounds 
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methanol extract, the average systolic blood pressure 
and diastolic blood pressure were decreased significant-
ly by (14.2 ± 2.7%; 15.7 ± 4.3) (Figure 3), whereas a 
percent decrease in systolic and diastolic blood pressure 
for ethyl acetate extract was about (21.4 ± 2.6%; 22.3 ± 
4.3%) (Figure 3). The hypotensive response at a dose of 
12 mg/kg was found to be more potent with the ethyl 

acetate extract for which the maximal fall in mean 
arterial blood pressure was about (22.0 ± 3.1%) in 
comparison with the maximal fall observed with the 
methanol extract (15.2 ± 3.2%) (Figure 4). 

Diuretic activity of plant extracts 

Effect of methanol extract on  urinary output 

Table II 

Effects of methanol extract of O. glandulosum on urine output, pH and electrolytes  excretion in  rats 

Dose Volume
(mL/rat) 

pH Na+ (mmol/L) K+  (mmol/L) Cl- (mmol/L) Na+/ K+ 

Control (5 mL/kg) 2.7 ± 0.3 6.4 ± 0.4 64.8 ± 5.5 51.5 ± 2.2 66.2 ± 4.6 1.3 ± 0.1 

Furosemide (20 mg/kg) 10.7 ± 0.9c 5.7 ± 0.1 116.6 ± 12.1b 46.6 ± 2.1 645.4 ± 94.4c 2.7 ± 0.3b 

Methanol extract (100 mg/kg) 3.1 ± 0.2 6.2 ± 0.3 77.3 ± 0.6 58.2 ± 4.3 58.8 ± 5.4 1.4 ± 0.1 

Methanol extract (300 mg/kg) 3.7 ± 0.4 6.0 ± 0.1 84.4 ± 1.5b 52.9 ± 2.3 80.8 ± 7.5 1.6 ± 0.1 

Methanol extract (600 mg/kg) 4.8 ± 0.6a 6.4 ± 0.2 92.0 ± 3.8b 35.5 ± 2.2c 155.6 ± 22.8b 2.6 ± 0.2b 

The values are mean ± SEM of five determinations. P values are  ap<0.05, bp<0.01, cp<0.001 as compared to the control  group 
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Figure 2: Free radical scavenging activity of different O. glandulosum extracts. Data were presented as IC50   means ± SD (n = 3); 
(ap<0.05, bp< 0.001) compared to butylated hydroxytoluene (BHT)  and vitamin C as standards  
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Figure 3: Concentration-response curves of methanol and ethyl acetate extract of  O. glandulosum on systolic and diastolic blood 
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The results demonstrated that methanol extract act as 
diuretic in a dose-dependent manner. Methanol extract 
at doses of 100 and 300 mg/kg increased slightly the 
urine volume (16.0% and 37.5%, respectively). How-
ever, the dose of 600 mg/kg contributed to potent urine 
excretion (77.0%) with statistical significance (p<0.05) 
when compared to control group (Table II). The refer-
ence diuretic, furosemide (20 mg/kg), significantly 
increased urine output by 297.0% (p<0.001), when 
compared to the saline-treated group. 

Effect of methanol extract on urinary pH 

Concerning the urinary pH, weak acidification in uri-
nary pH profile was observed after five hours follow-
ing the administration of furosemide and the three 
doses of methanol extract of O. glandulosum (Table II), 
but they were too weak to reach statistical significance 
compared to control group which had pH value of 6.41. 

Effect of methanol extract on urinary electrolyte excre-
tion  

Furosemide increased the sodium and chloride excre-
tion (80.0%; p<0.01 and 847.9%; p<0.001, respectively) 
in a dose-dependent manner but not that of potassium 
(Table II). Actually there was a small decrease in 
urinary concentration of potassium (-9.5%) when com-
pared to control group. 

The sodium excretion was increased significantly (p 
<0.01) by the two doses, 300 and 600 mg/kg (30.2% and 
42.0%, respectively), which was in agreement with the 
urine volume. However, 600 mg/kg dose of methanol 
extract produced highly significant decrease in pota-
ssium excretion (31.0%; p<0.001) and strong increase in 
chloride (135.0%; p<0.01) compared to the control 
group.  

The ratio Na+/K+ determines the natriuretic activity 
and value equal or greater than 2 indicates favorable 
natriuretic effect. Among all  administered doses,  600 

mg/kg of methanol extract increased significantly 
(p<0.01) the Na+/K+ ratio, which was similar to that of 
furosemide which had Na+/K+ ratio of  2.7 ± 0.3.   

Discussion 

In this study, the hypotensive, diuretic activities of O. 
glandulosum extracts were investigated. The radical 
scavenging activity of O. glandulosum extracts against 
DPPH radical and hydroxyl radicals were also assessed. 
In addition, the phytochemical analysis of ethyl acetate 
extract was carried out. Phytochemical analysis of ethyl 
acetate extract from O. glandulosum revealed the isola-
tion two compounds, katuranin, a flavanonol  which  
was isolated previously from greek O. vulgare  
(Exarchou et al., 2003)  and  O. glandulosum by HPLC 
coupled to diode-array detection and APCI–MS (Skoula
et al., 2008). The proposed structure of this flavanonol 
was confirmed by comparison of NMR data with those 
reported in the literature (Exarchou et al., 2003). The 
second compound was 5-isopropyl-3-methylphenol. To 
the best of our knowledge, this compound was isolated 
from the leaves of this species and the genus Origanum  
for the first time. 

Phenolic compounds have a protective role against 
many diseases due to their structural properties, and 
biological effects including high antioxidant capacity in 
vitro and in vivo, anti-inflammatory and antihyperten-
sive effects  (Miranda et al., 2016). 

Results obtained in the present study revealed that the 
level of these phenolic compounds in the various  plant 
extracts was important and this could be due to 
different degree of polarity of the solvents used for the 
extraction of polyphenolic compounds where ethyl 
acetate was the best solvent for the extraction of 
phenolic compounds. 

There are many anti-oxidant tests to evaluate the anti-
oxidant capacity of natural plant extracts. It is 
imperative to use more than one anti-oxidant test when 
evaluate the anti-oxidant efficacy of plant extracts 
because different extract possess different phyto-
chemicals in different concentrations that may act 
through different mechanisms. 

In the present study, DPPH radical scavenging activity 
ranged from 0.006 to 0.029 mg/ml among the four plant 
fractions, with the highest scavenging capacity 
exhibited by ethyl acetate extract. 

According to many reports, there is a highly positive 
relationship between polyphenols and  flavonoids, and 
anti-oxidant activities in many plant species (Kim et al., 
2012; Bouaziz et al., 2015). So, based on the obtained 
results, it is highly possible that the polyphenols and 
flavonoids contents may contribute to the observed anti
-oxidant activity in DPPH free radical scavenging
activity, as indicated by the good correlation coefficient

Figure 4: Dose-dependent hypotensive effect of methanol and 
ethyl acetate of O. glandulosum on mean arterial blood pres-
sure (MABP) in anaesthetized rats. Values shown are means ± 
SEM (n = 6)  
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(R²=0.50).  Furthermore, it is obvious that although the 
content of polyphenols of O. glandulosum in chloroform 
extract was significantly higher than in the methanol 
extract,  their DPPH activity were close. This confirmed 
once again that the anti-oxidant capacity depends not 
only on the quantity, but also on the type of poly-
phenols and flavonoids present in the extracts. Thus, 
both the configuration and total number of hydroxyl 
groups substantially influence the mechanism of the 
anti-oxidant activity (Tuberoso et al., 2010; Fraga et al., 
2010).  

Hydroxyl free radicals have been implicated in the 
etiology of many pathologies and eventually resulted in 
the cell injury/death. Therefore, the scavenging of 
hydroxyl radicals by extracts may provide a significant 
protection to biomolecules against free radicals (Govin-
dan and Muthukrishnan, 2013).  

In this study, plant extracts displayed different poten-
tial in scavenging hydroxyl radical which is positively 
related to their  amount of total phenolic and flavonoids 
contents (R²=0.90) and this  might be due to their active 
electron  donor ability of hydroxyl substitution.   

The leaves of O. glandulosum are commonly used in 
traditional Algerian medicine as antihypertensive 
therapy, but the pharmacological evidences of their 
activity are lacking. Therefore, the hypotensive effect of 
methanol extract and ethyl acetate extract from O. 
glandulosum leaves was reported for the first time. Our 
data reveal that ethyl acetate extract elicited a 
significant hypotensive response than methanol extract. 
These significant effects may be solidly related to their 
phenolic and flavonoids contents. Previous studies 
reported that these secondary metabolites as flavonoids  
are capable of exerting their antihypertensive effects by 
different pathways, such as endothelium dependent 
vasodilation involving NO production, reduction of 
intracellular Ca2+ (Nugroho et al., 2013) and  
angiotensin converting enzyme inhibition (Alarcón-
Alonso et al., 2012).  In this study, the phytochemical 
screening analysis confirmed the presence of flavonoids 
as katuranin, thus, this bioactive principle, at least in-
part, may be responsible for the observed hypotensive 
effect. 

It is known that drugs with diuretic action such as loop 
diuretics and thiazides, either alone or in combination 
with other drugs are used for the treatment of various 
disorders such as hypertension, nephritis, chronic renal 
failure, eclampsia and heart failure, especially by 
increasing urine flow and renal sodium excretion 
(Ribeiro et al., 2015). Despite their high efficiency, many 
diuretics have been associated with undesirable side 
effects, including electrolyte imbalance, metabolic 
alkalosis, hyperuricemia, development of new-onset 
diabetes metabolic alterations, and activation of the 
renin-angiotensin-neuroendocrine systems (Kateel et 
al., 2014; Ribeiro et al., 2015). Hence, there is a need for 

new diuretics with lower potential for adverse effects, 
such as the plant-based substances which are consider-
ed to be relatively safe. In addition,  many plants used 
for the treatment of hypertension in different systems of 
traditional medicine have shown diuretic activity when 
tested on animal models (Jabeen and Aslam 2013; de AF 
Da et al., 2015). 

In the present study, the diuretic effect of orally 
administered methanol extract of O. glandulosum was 
evaluated in normal rats after single oral dose for five 
hours. As result, methanol extract produced diuresis  
and sodium and chloride excretion in rats after a single 
dose for five hours when compared to furosemide (20 
mg/kg), but  the mechanism through which methanol 
extract of O. glandulosum exerts its diuretic effect still 
unclear knowing that this is the first report of diuretic 
activity of  O. glandulosum leaves extract.  

Previous studies demonstrated that several secondary 
metabolites of plants could be responsible for the 
diuretic effects, such as flavonoids, alkaloids, tannins, 
saponins, terpenoids or organic acids (Jabeen and 
Aslam, 2013). Several isoflavonoids have been reported 
to cause inhibition of the Na+-K+-2Cl- co-transporter, an 
increase in diuresis, natriuresis, glomerular filtration  
and and Na+ and K+ excretion (Montejano-Rodrı´guez 
et al., 2013). Thus, phenolic and flavonoids compounds 
evaluated in O. glandulosum may be considered as 
responsible for this diuretic effect because of its high 
phenolic content. As results, all evidences in this work 
corroborate the ethnopharmacological application of O. 
glandulosum as hypotensive agent where increased 
diuresis is desired and may lay the foundation for the 

use of this plant in folk medicine. 

Conclusion 

O. glandulosum leaf extracts exhibited strong anti-
oxidant activities and this may be related to their
phenolics contents. The extracts are able to reduce the
blood pressure and to enhance the urine output and the
electrolytes excretion of sodium and chloride and this
finding may explain the blood pressure lowering effect
of this plant.
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