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Abstract

Plants are a valuable source of a wide range of secondary metabolites, which are used as pharmaceuticals preparations.
The previous studied showed that many medicinal plants possessed hypotensive effects and affected vascular activity
either by direct effect on vascular smooth muscles or indirectly by affecting endothelium vasoactive substances. The
current review was designed to highlight the medicinal plants with hypotensive and vascular effects as promising future
therapies because of efficacy and safety.
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1. Introduction

Hypertension is the most common chronic health problem and represents one of the high risk factors for myocardial
infarction, arteriosclerosis, stroke, and end-stage renal disease. On the other hand, atherosclerotic ischemic heart
disease is one of the largest leading cause of general mortality. Vascular endothelium releases many vasoactive
substances, which regulated and maintained the overall cardiovascular homeostasis. The previous studied showed that
many medicinal plants possessed hypotensive effects and affected vascular activity either by direct effect on vascular
smooth muscles or indirectly by affecting endothelium vasoactive substances(1-3). The current review highlighted the
medicinal plants with hypotensive and vascular effects as promising future therapies because of efficacy and safety.

1.1. Adonis vernalis

Tincture of Adonis vernalis was evaluated as hypotensive therapy. The dog blood pressure response was varied with
dose, low doses showed rise in blood pressure whereas larger doses showed fall in blood pressure (4.

1.2. Agrimonia eupatoria

A hypotensive effect in anaesthetized cats has been documented for an agrimony extracts given by intravenous
injection; blood pressure was lowered by more than 40% (6).

1.3. Allium sativum

Experimental and clinical studies showed that garlic produced hypotensive effects. Garlic induced significant reduction
in systolic and diastolic blood pressure (7-12),

1.4. Althaea rosea

The alcoholic extract showed a transient hypotensive effect on anesthetic cats (13).
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1.5. Ammi visnaga

Visnadine caused nonspecific inhibition of vascular smooth muscle. It was selectively inhibited the contractile response
in the rat isolated aortic ring and portal vein segment. On the other hand, intravenous administration of visnagin
decreased blood pressure with no significant changes on the heart rate (14-16),

A chloroform, and methanol extract (1mg/ml) of the fruits inhibited the potassium chloride induced contractions of the
rabbit guinea-pig aorta in vitro (17-18),

Visnadin, 60.0 pg/ml or 120.0 pg/ml, increased coronary blood flow in isolated guinea-pig hearts by 46% and 57%
respectively (19-20),

Visnagin inhibited the contractile responses induced in rat aortic rings by: (a) KCI or increases of extracellullar Ca2+* in
KCl depolarized aortic rings, its effects being more potent against low (20 mM) than high (80 mM) KCl-induced
contractions, (b) noradrenaline in Ca%*-containing solution and less effectively those in Ca2*-free solution and (c)
phorbol 12-myristate 13-acetate (PMA) in a Ca?*-containing and with a lower potency in Ca?*-free medium. The
relaxation induced by visnagin in aorta pre-contracted with noradrenaline was not affected by endothelium removal.
Additionally, visnagin inhibited the spontaneous myogenic contractions of portal veins. The results showed that
visnagin inhibited vascular smooth muscle contractility by acting at multiple sites (21). Khella seems to improve blood
supply to smooth muscles and makes myocardial metabolism more efficient. It dilated the coronary vessels, and
increased the capacity of the heart without increasing the heart rate (22),

1.6. Anethum graveolens

Intravenous administration of 5-10 mg/kg body weight of 5% seed oil in saline to cats caused hypotension and
increased respiration volume (23-25),

1.7. Apium graveolens

The effects of aqueous and ethanol extracts (0.5-15 mg/kg) was investigated on the mean blood pressure of
anaesthetized rabbits and contractility of isolated atria of the rats. The intravenous administration of aqueous extracts
induced the least hypotensive effects (14.35+2.94%), while the ethanol extract caused the greatest fall in the blood
pressure (45.79+10.86%). Hypotensive effect of the extracts was partially blocked by atropine (0.3 mg/kg) (26-27),

1.8. Arachis hypogaea

Bioactive peptides with antihypertensive effects against angiotensin converting enzyme were isolated from peanut (28-
29).

1.9. Avena sativa

In addition to cholesterol lowering effect of Avena sativa, it improved the blood pressure when consumed with vitamin
C, improved endothelial function , and exerted angiotensine converting enzyme inhibition. According to these results,
the United States Food and Drug Administration in 1997 approved the heart-health benefit of food containing soluble
fiber from oats (30-32),

In overweight patients, beta glucan from oats has been shown to decrease hypertension. Avenanthramide is an oat
polyphenol that has been shown to enhance production of nitric oxide, a potent vasodilator, and to inhibit thickening of
vascular smooth muscle. Both actions are preventative to developing atherosclerosis (33-34),

1.10. Bryophyllum calycinum

The effects of aqueous and methanolic leaf extracts of the herb were examined on arterial blood pressures and heart
rates of normal (normotensive) and spontaneously hypertensive rats, using invasive and non-invasive techniques. Both
the aqueous and methanolic leaf extracts of the plant (50-800 mg/kg iv or ip) produced dose-related, significant (P<0.05
- 0.001) decreases in arterial blood pressures and heart rates of anaesthetized normotensive and hypertensive rats. The
hypotensive effects of the leaf extracts were more pronounced in the hypertensive than in normotensive rats. The leaf
extracts (0.25 - 5.0 mg/ml) also inhibited provoked electrical field stimulation (ES-provoked), as well as potassium and

receptor-mediated agonist drugs-induced contractions of the rat isolated thoracic aortic strips in a non-specific manner
(36-38),
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1.11. Caesalpinia crista

The administration of aqueous leaf extract induced a progressive decrease of blood pressure. The hypotensive action of
the extract was dose-dependent and reversible. Hypotension induced by aqueous leaf extract of Caesalpinia crista or
acetylcholine were inhibited by atropine. On the other hand, it significantly reduced blood pressure caused by the prior
administration of adrenaline (39-40),

1.12. Capparis spinosa

The vaso relaxant effect of Capparis spinosa aqueous extract (CSAE) at a dose of 10 mg/ ml was studied on the isolated
aortic rings of normal rats. Adding of CSAE during the plateau phase of contraction, induced by noradrenaline and KClI,
produced a rapid relaxation. Incubation of aortic ring with CSAE during 30 min shifted the noradrenaline induced dose
response curve (p<0.001), the maximum response (p<0.001) was attenuated which indicating that antagonistic effect
of the al- adrenoreceptors was non-competitive. However, endothelium remove significantly reduced the vaso relaxant
effect of CSAE (p<0.01). Furthermore, nitric oxide inhibition reduced the vaso relaxant effect of CSAE). The in vitro
vasomotor effects of aqueous extract of roots, leaves, stems, flowers, fruits and kernels were evaluated on the rings of
thoracic aorta and windpipe of rat. The addition of extracts with different concentrations during the stage of contraction
led by the phenylephrin for the thoracic arteries showed a light vasodilatation. Furthermore 30 min incubation with
extracts at different concentrations showed a significant vasodilator effect for fruits and kernels, and vasoconstrictor
effect for leaves (41-43),

1.13. Carthamus tinctorius

Safflower yellow (SY) 1-2 g/ kg / day lowered the blood pressure of spontaneously hypertensive rats (SHR), for about
1.86-3.86 kPa. Five weeks after administration of SY, the plasma renin activity and angiotensin Il level diminished in the
SHR experimental groups, which indicated that the decrease of blood pressure is mediated by inactivation of renin-
angiotensin system (44).

The vasodilatation effects of hydroxysafflor yellow A (HSYA) on pulmonary artery (PA) were explored by an assay of
tension study on rat pulmonary artery (PA) rings. Results suggest that HSYA possessed vascular relaxation effects on
rat PA by activating the KV channel in pulmonary vascular smooth muscle cells (PVSMCs) (45),

Intravenous injection of the hydroxysafflor yellow A (HSYA) reduced left ventricular systolic pressure (LVSP), left
ventricular end-diastolic pressure (LVEDP), the maximum rate of increase of left ventricular pressure (+dp/dt (max))
and heart rate (HR) in a dose-dependent manner. HSYA had no remarkable effect on the maximum rate of decrease of
left ventricular pressure (-dp/dt (max)); BK (Ca) and K (ATP) blocker can weakened the inhibitory effect of HSYA on
heart function and HR, but K (V) and K (ACh) blocker did not significantly weaken the HSYA effects (46-47),

The vascular effect of N- (p-coumaroyl) serotonin (CS) and N-feruloylserotonin (FS), was evaluated. Both CS and FS
(each 10 to 100 uM) relaxed rat femoral arteries, which were pre-contracted by 10-5 M phenylephrine or 50 mM KCl,
independently of their endothelium. Both CS and FS also concentration-dependently inhibited the increase of cytosolic
free Ca2+ concentration that was induced by KCl or 5-hydroxytryptamine in cultured rat vascular smooth muscle cells
(VSMCs) (47-48),

1.14. Chamaemelum nobile

Single oral administration of C. nobile aqueous extract (CNAE) (140 mg/kg) produced a significant reduction (p < 0.05)
in systolic blood pressure (SBP) after 24 h of the administration. Daily oral administration of CNAE (140 mg/kg) during
3 weeks produced a significant reduction in SBP in the day 8 (p < 0.01) of treatment. Furthermore, CNAE produced a
significant increase in urinary output and electrolytes excretion (p < 0.01) from the day 8 to the end of treatment. The
in vitro vaso relaxant effect of C. nobile aqueous extract was evaluated using aortic ring isolated from Wistar rats. C.
nobile aqueous extract at doses of 5, 10 and 20 mg/ml possessed in vitro vasorelaxant effect. Incubation of aqueous C.
nobile extract for 30 minutes produced a significant shift of the dose-response curve to norepinephrine (NE) (10-8 to
10-5) M (p < 0.001) (49-50),

1.15. Cicer arietinum

Treatment of legumin of Cicer arietinum with alcalase yielded a hydrolysate that inhibited the angiotensin I converting
enzyme with an ICso of 0.18 mg/ml. Fractionation of this hydrolysate by reverse phase chromatography afforded six
inhibitory peptides with 1Cso values ranging from 0.011 to 0.021 mg/ml. All these peptides contain the amino acid
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methionine and are also rich in other hydrophobic amino acids. Hydrolysates of chickpea legumin obtained by treatment
with alcalase are a good source of peptides with angiotensin-1converting enzyme inhibitory activity (51-52),

1.16. Cichorium intybus

The vaso relaxant activities of chicoric acid from Cichorium intybus along with caffeic acid were studied in isolated rat
aorta strips. Chicoric acid, a diester composed of (S, S)-tartaric acid and caffeic acid, showed slow relaxation activity
against norepinephrine (NE)-induced contraction of rat aorta with/without endothelium. These compound did not
affect contraction induced by a high concentration of potassium (60 mM K+), while it inhibited NE-induced vaso
contraction in the presence of nicardipine. The results revealed that the inhibition of NE-induced vaso contraction is
due to a decrease in calcium influx from the extracellular space, which enhanced by NE (53-54),

1.17. Cistanche tubulosa

The vasorelaxant activity of echinacoside, a phenylethanoid glycoside isolated from Cistanche tubulosa, and its possible
underlying mechanism on isolated rat thoracic aortic rings pre-contracted with phenylephrine (PE, 1 microM) and KCI
(60 mM) was investigated. Echinacoside (30-300 microM) exhibited an acute relaxation in endothelium-intact rings in
a concentration-dependent manner, while this relaxation was significantly inhibited in endothelium-denuded condition
and in the presence of the endothelial nitric oxide synthase (eNOS) inhibitor, N (W)-nitro-L-arginine methyl ester (L-
NNA, 100 microM), an unselective soluble guanylate cyclase blocker, methylene blue (10 microM) and the selective sGC
inhibitor 1 H-[1, 2, 4] oxadiazolo[4,3- A]quinoxalin-1-one (ODQ, 1 microM); in addition, atropine (1 microM), a selective
muscarinic receptor antagonist, partially affected the relaxation. However, the cyclooxygenase inhibitor indomethacin
(5 microM) had no influence on the relaxant action. Echinacoside enhanced the cyclic guanosine monophosphate
(cGMP) production in aortic rings contracted with PE. The authors concluded that echinacoside mediates the
endothelium-dependent vasodilator action in rat thoracic aortic rings through nitric oxide (NO)-cGMP pathway. The
methanolic extract from the dried stems of Cistanche tubulosa showed inhibitory effect on contractions induced by
noradrenaline in isolated rat aortic strips. From the extract, new phenylethanoid oligoglycoside constituents,
kankanosides F and G, and an acylated oligosugar, kankanose, were isolated together with 14 known compounds.
Kankanoside F, kankanose, echinacoside, acteoside, and cistanoside F, showed vaso relaxant activity (55-56),

1.18. Citrus species

The effect of drinking the juice of two different citrus fruits on vascular neointima formation was studied using a cuff-
induced vascular injury mouse model. Male C57BL6 mice were divided into five groups as follows: 1) Control (water)
(C), 2) 10% citrus unshiu (CU) juice (CU10), 3) 40% CU juice (CU40), 4) 10% citrus iyo (CI) juice (CI10), and 5) 40% CI
juice (CI40). After drinking them for 2 weeks from 8 weeks of age, cuff injury was induced by polyethylene cuff
placement around the femoral artery. Neointima formation was significantly attenuated in CU40, CI10 and CI40
compared with C. However, no remarkable preventive effect was observed in CU10. The increases in levels of various
inflammatory markers including cytokines such as monocyte chemotactic protein-1, interleukin-6 (IL-6), IL-13, and
tumor necrosis factor-a in response to vascular injury did not differ significantly between C, CU10 and CI10. The
increases in cell proliferation and superoxide anion production were markedly attenuated in CI10, but not in CU10
compared with C. The increase in phosphorylated ERK expression was markedly attenuated both in CU10 and CI10
without significant difference between CU10 and CI10. Accumulation of immune cells did not differ between CU10 and
CI10. The results indicate that drinking citrus fruit juice attenuates vascular remodeling partly via a reduction of
oxidative stress (57),

The cardiovascular effects of Citrus aurantifolia fruit were studied experimentally. The anti-hypertensive effect was
tested on three experimental hypertensive models including cadmium induced hypertensive model, glucose induced
hypertensive model, Egg feed diet induced hypertensive model, and normotensive model. The systolic pressure,
diastolic pressure, mean blood pressure and heart rate of Spargue Daweley rats were measured by tail cuff method from
the tail of rats using non-invasive blood pressure instrument and body weights were also measured. Three different
doses were used for screening 0.25, 05, and 0.75g/kg, orally given and there effects on normotensive rats were observed
at 2hr, 4hr and 6hr intervals. The dose of 0.75g/kg was selected because it significantly reduced the mean blood
pressure, systolic blood pressure, diastolic blood pressure, and heart rate. The methanol extract of Citrus aurantifolia,
administered at the dose of 0.75mg orally, significantly (p<0.01) reduced systolic blood pressure, mean blood pressure,
diastolic blood pressure, heart rate and body weight of Spargue Dawely rats in both normotensive and hypertensive
experimental models when compared to control groups (58).

The effect of an aqueous extract of Citrus aurantifolia on arterial blood pressure and on isolated heart and aorta activities
was evaluated experimentally. Rabbits were used for the study on the arterial blood pressure using a Ludwig
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manometer. Albino Wistar rats were used for the isolated heart and aorta activities using isolated organ bath systems.
Aqueous extract of Citrus aurantifolia (4mg/kg-16mg/kg bw) produced a dose-dependent and significant decrease in
rabbit blood pressure (p<0.05). This hypotension was not prevented by atropine (2 mg/kg bw, p>0.05). Aqueous extract
(4mg/kg-16mg/kg bw) was dose-dependently reduced hypertension evoked by adrenalin (30 pg/kg bw). The extract
also induced both negative inotropic and chronotropic effects on the heart contractile activity. The extract induced a
dose dependent relaxation of contractions produced by adrenalin or by KCl. Aqueous extract of Citrus aurantifolia
evoked vaso relaxant effects were totally abolished by removal of the endothelium layer or by a pretreatment with L-
NAME 69,

The antihypertensive effect of C. medica limetta leaves was investigated against the acute response of blood pressure to
angiotensin II administration The results showed that different concentrations of the aqueous extract prevented the
raise of systolic blood pressure (p<0.001 vs. vehicle), diastolic blood pressure (p < 0.0002 vs. vehicle) and mean blood
pressure (p < 0.0000 vs. vehicle); with a dose dependent effect for diastolic pressures at 125-500 mg/kg dosages. The
500 and 1000 mg/kg doses inhibited the action of Ang Il in similar extent to telmisartan. Toxic signs or deaths were not
observed in mice treated with a dose of 2000 mg/kg (6],

Four-week consumption of orange juice in healthy middle-aged, normal-weight men reduced diastolic blood pressure
(DBP). However, the effects of four-week intake of natural and commercial orange (Citrus sinensis) juice (CS]) on blood
pressure was evaluated in healthy volunteers. 22 healthy subjects were included and randomly divided into two groups.
Group A consumed commercial CS] during the first four-week period. After a two-week washout period, they consumed
natural CS] for another four weeks. The procedure was reversed in group B. The participants were asked to drink 500
ml/day of either natural or commercial CS] twice a day with breakfast and dinner. After drinking commercial CS],
diastolic and systolic blood pressure were significantly decreased (5.13%; P =0.03 and -5.91%; P = 0.003, respectively).
However, consumption of natural CS] did not have significant effects on either diastolic or systolic blood pressure.
Higher flavonoid, pectin, and essential oils content of concentrated products compared to natural juice might have been
responsible for this effect (61),

An attempt was made to isolate hypotensive substances from a hot water extract of Citrus unshiu. Six flavonoid
glycosides were isolated by repeated chromatography and gel filtration after extraction with butanol and treatment
with lead subacetate. Each component was intravenously injected into SHR-SP rats (1 mg/100g body weight), 3, 6-di-
C-glucosylapigenin and rutin were found to lower their blood pressure (62-:63),

1.19. Cordia myxa

Mucilage from both ripe and unripe Cordia obliqua (RCo and URCo) decreased rabbit blood pressure and stimulated the
respiratory rate. URCo was 12.37-fold more potent as a hypotensive agent than RCo. Investigation of the mode of action
revealed that the hypotensive effect was more likely due to activation of parasympathetic ganglia and dilatation of
peripheral blood vessels (64-65),

1.20. Coriandrum sativum

Coriander crude extract (1-30 mg/ml) caused fall in arterial blood pressure of anesthetized animals which partially
blocked by atropine. Coriander crude extract produced vasodilatation against phenylephrine and K+ (80 mM)-induced
contractions in rabbit aorta and caused cardio-depressant effect in guinea-pig atria. Bioassay-directed fractionation
revealed the separation of spasmogenic and spasmolytic components in the aqueous and organic fractions respectively.
Furthermore, Coriander crude extract produced diuresis in rats at 1-10mg/kg (66-67),

The water extract of coriander seed had hypotensive effects in rats. Aqueous extracts of coriander seeds inhibited the
electrically- evoked contractions of spiral strips and tubular segments of isolated central ear artery of rabbit (68-69),

1.21. Crocus sativus

The effect of Crocus sativus on Ca?* influx in isolated rat aortas was investigated by using #4°Ca as a radioactive tracer.
Ca?* uptake in isolated rat aorta rings in normal physiological status was not markedly altered by these drugs, whereas
the CaZ* influxes induced by norepinephrine of 1.2 mmol/I and KCl of 100 mmol/1 were significantly inhibited by crocus
in a concentration-dependent manner. The results showed that extracellular Ca2* influx through receptor-operated
Ca?*channels and potential dependent Ca2*channels can be blocked by crocus (79.

The effects of Crocus sativus petals' extract on blood pressure was evaluated on anaesthetized rats. Aqueous and ethanol
extracts of Crocus sativus petals reduced the blood pressure in a dose-dependent manner. Administration of 50mg/100
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g of aqueous extract changed the blood pressure from 133.5£3.9 to 117+2.1 (mmHg). The effects of saffron (Crocus
sativus) stigma aqueous extract and two active constituents, crocin and safranal, were investigated on blood pressure
of normotensive and desoxycorticosterone acetate-induced hypertensive rats. Three doses of crocin (50, 100 and 200
mg/kg), safranal (0.25, 0.5 and 1 mg/kg) and the aqueous extract (2.5, 5 and 10 mg/kg) were administered
intravenously in different groups of normotensive and hypertensive animals and their effects on mean arterial blood
pressure (MABP) and heart rate (HR) were evaluated. The aqueous extract of saffron stigma, safranal and crocin
reduced the MABP in normotensive and hypertensive anaesthetized rats in a dose-dependent manner. Administrations
of 10 mg/kg of aqueous extract, 1 mg/kg of safranal and 200 mg/kg of crocin caused 60 * 8.7, 50 5.2 and 51 * 3.8
mmHg reductions in MABP, respectively. Accordingly, the aqueous extract of saffron stigma had hypotensive properties
which appear to be attributable, in part, to the actions of two major constitutes of this plant, crocin and safranal, and
safranal was more important than crocin for lowering the blood pressure of rats (71).

The effects of saffron (Crocus sativus) stigma aqueous extract was studied on blood pressure of normotensive and
desoxycorticosterone acetate (DOCA)-salt induced hypertensive rats. Five weeks administration of three doses saffron
aqueous extract (10, 20 and 40 mg/Kg/day) and spironolactone (50 mg/Kg/day) in different groups of normotensive
and hypertensive rats (at the end of 4 weeks treatment by DOCA-salt) showed that chronic administration of saffron
aqueous extract reduced the MSBP in DOCA salt treated rats in a dose dependent manner. It did not decrease the MSBP
in normotensive rats. The data also showed that the antihypertensive effects of saffron did not persist (72).

The vasomodulatory effect of crocetin was analyzed in hypertension. Myographical experiments were performed to
compare the relaxation induced by acetylcholine (ACH) on aortic rings from normotensive (Wistar) and hypertensive
(SHR) rats, incubated with or without crocetin or saffron extract and L-NAME or indomethacin. Extracts were also
assayed in deendothelialized rings. Crocetin enhanced the ACH relaxations in aorta from hypertensive (strongly) and
normotensive rats (weakly). Crocetin plus L-NAME abolished the relaxant response in SHR but not in Wistar aorta.
Crocetin plus indomethacin did not modify the indomethacin response in either SHR or Wistar aorta. Crocetin in rubbed
segments did not modify the ACH responses. In contrast, saffron increased this response in rubbed segments from SHR
but not Wistar rats. Accordingly, crocetin exerts healthy vasomodulatory effects in hypertension, strongly improving
endothelium-dependent ACH relaxations via endothelial nitric oxide but not the cyclooxygenase pathway (73-74),

1.22. Cuminum cyminum

The anti-hypertensive potential of standardized aqueous extract of Cuminum cyminum seeds and its role in arterial
endothelial nitric oxide synthase expression, inflammation, and oxidative stress were evaluated in renal hypertensive
rats. Renal hypertension was induced by the two-kidney one-clip (2K/1C) method in rats. Systolic blood pressure (SBP),
plasma nitrate/nitrite, carotid-eNOS, renal-TNF-q, IL-6, Bax, Bcl-2, thioredoxin 1 (TRX1), and thioredoxin reductase 1
(TRXR1) mRNA expressions were studied to demonstrate the anti-hypertensive action of Cuminum cyminum. Cuminum
cyminum seed was administered orally (200 mg/kg bw) for a period of 9 weeks, it improved plasma nitric oxide and
decreased the systolic blood pressure in hypertensive rats. It also up-regulated the gene expression of eNOS, Bcl-2,
TRX1, and TRXR1; and down-regulated Bax, TNF-q, and IL-6. The data revealed that Cuminum cyminum seeds augment
endothelial functions and ameliorate inflammatory and oxidative stress in hypertensive rats (75-76),

1.23. Cydonia oblonga

The effect of ethanol leaf extracts of Cydonia oblonga Mill. (COM) was studied on hypertension and on biomarkers
associated with blood pressure control, such as angiotensin-II (All), plasma renin activity (PRA), apelin-12 (A),
endothelin (ET) and nitric oxide (NO), compared to captopril. Two-kidney one-clip (2K1C) Goldblatt model rats were
divided randomly into six groups: sham, model, captopril 25 mg/kg, COM leaf extract 80, 160 and 320 mg/kg. Drugs
were administered orally daily for eight weeks. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured before treatment and every 2 weeks. Blood and kidney samples were collected after the last treatment to
measure All, PRA, A, ET and NO. Renal hypertensive rats (RHR) had increased blood pressure, All, A, PRA, ET and
decreased NO. Treatment with captopril reduced blood pressure, All, A, PRA, and ET, though not quite to normal values.
COM leaf extracts significantly and dose-dependently reduced blood pressure, All, A, RA and ET, whereas NO was
increased. The effects of COM extracts on blood pressure and biomarkers were dose-dependent and at the highest dose,
it produced effects similar to those of captopril (77).

The effects of Cydonia oblonga. (COM) fruit and leaf extracts on blood pressure and rheology were studied in renal
hypertensive rats (RHR). Daily doses of 80 and 160mg/kg aqueous or ethanol extracts of COM fruit or leaves, or
25mg/kg captopril were given orally once daily for 8 weeks. Blood pressure was measured before treatment and every
2 weeks thereafter. Blood rheology was tested after 8 weeks. Model rats had higher blood pressure than sham, 8 weeks
after the procedure (systolic blood pressure 193+7 vs. 138+8mmHg, p<0.05). Those treated with captopril had
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decreased blood pressure within 2 weeks but that did not return to the level found in the sham group at 8 weeks (1677,
p<0.05 vs. model). With the COM extracts, the effect on blood pressure was notable after 4 weeks. At 8 weeks blood
pressure was similar with captopril and with 160mg ethanol leaf extract (166+4, p<0.05 vs. model), it was the most
effective of the extracts. Model rats had higher blood viscosity and lower erythrocyte deformability than sham. Captopril
had little effect on blood rheology; whereas COM extracts reduced whole blood viscosity and improved erythrocyte
deformability to levels approaching those found in sham (78-79),

1.24. Daucus carota

Ethanolic extract of Daucus carotaat the dose of 10-100 mg/kg caused a dose-dependent fall in systolic and diastolic
arterial blood pressure in normotensive anesthetized rats. These effects were not blocked by atropine (1 mg/kg).
Pretreatment with Daucus carotadid not alter the pressor response to norepinephrine indicating that, cardiovascular
effects of Daucus carota were independent of cholinergic or adrenergic receptors involvement. In spontaneously beating
guinea-pig paired atria, Daucus carota induced a concentration-dependent (0.3-5 mg/ml) decrease in force and rate of
atrial contractions. In rabbit thoracic aorta, Daucus carota caused inhibition of K*-induced contractions at similar
concentrations (80-81),

Fractionation of aerial parts of Daucus carota resulted in the isolation of two cumarin glycosides coded as DC-2 and DC-
3. Intravenous administration (1-10mg/kg) of these compounds caused a dose-dependent fall in arterial blood pressure
in normotensive anaesthetized rats, Both compounds caused a dose-dependent (10-200 pg/ml) inhibitory effect on
spontaneously beating guinea pig atria as well as on the Kt-induced contractions of rabbit aorta at similar
concentrations in vitro. The results indicated that DC-2 and DC-3 acting through blockade of calcium channels, the effect
which may be responsible for the blood pressure lowering effect of the compounds observed in the in vivo studies (61-82),

1.25. Foeniculum vulgare

The hypotensive effects of the water extract of Foeniculum vulgare were investigated in spontaneously hypertensive
rats (SHR) and in normotensive Wistar-Kyoto rats (WKY). Oral administration of Foeniculum vulgare extract lowered
the systolic blood pressure of SHR but not of WKY. In SHR, Foeniculum vulgare treatment increased water, sodium and
potassium excretion. Ex vivo as well as in vitro. Foeniculum vulgare extract inhibited the contractile responses of rat
aorta to noradrenaline which blocked by N-nitro-L-arginine (83-84),

1.26. Fritillaria imperialis

In anesthetized dogs, the alkaloidal fraction isolated from the corms of Fritillaria imperialis showed an appreciable fall
in blood pressure due to cardiac depression and peripheral vasodilatation. Hypotensive effect is also observed in
experimental hypertension. On frog's heart the alkaloidal fraction exhibited cardiotonic effect. The alkaloidal fraction
also exhibited anti-arrhythmic activity resembling that of quinidlne and spasmolytic activity similar to that of
papaverine (85-86),

1.27. Geum urbanum

A 20% aqueous decoction of avens, administered by intravenous injection, has been reported to produce a reduction in
blood pressure in cats (87:88),

1.28. Haplophyllum tuberculatum

The aqueous extract of H. tuberculatum significantly decreased the contractility and the heart rate but did not affect the
flow rate of isolated perfused rabbit heart. The effect of the aqueous extract was not blocked by atropine. Aqueous
extract caused fall in the blood pressure when administered to anaesthetized cats, muscarinic antagonist blocked the
fall in blood pressure in cats. The extract also stimulated rabbit aortic strip, rat vas deferens, and rat anococcygeus
muscles. These adrenergic effects were largely reduced by phentolamine (89-90),

1.29. Hibiscus rosa-sinensis

The effect of the aqueous leaves extract (200 mg/kg) of Hibiscus rosa-sinensis was investigated on the renal function of
hypertensive rats. Although H. rosa-sinensis leave extract reduced blood pressure, but it induced significant (p < 0.05)
increase in the Na* level of normotensive rats, thus it may interfere with the normal function of the kidney and hence
produce increased salt retention (91-92),
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1.30. Hibiscus sabdariffa

Hibiscus sabdariffa crude extract induced mainly endothelium-dependent relaxant effects on isolated thoracic aorta of
male Wistar rats. The endothelium-dependent relaxations result from NOS activation (93-94),

Roselle calyx infusion was found to lower significantly (p<0.05) both systolic and diastolic pressure in spontaneously
hypertensive and normotensive Wistar-Kyoto rats at tested doses of 500 and 1000 mg/ kg bw. The reduction in blood
pressure in both groups was positively correlated with weight (95,

The aqueous extract of Hibiscus sabdariffa calyx attenuated the development of salt-induced hypertension in Sprague-
Dawley rats treated for 12 weeks (96-97)

The aqueous extract of petals of Hibiscus sabdariffa (HS) also attenuated the established stages of 2-Kidney, 1-Clip
renovascular hypertension in Sprague-Dawley rats (98).

Hibiscus sabdariffa ingestion in rat (10%, 15% and 20% of the water extract in drinking water for 10 consecutive weeks)
significantly reduced Systolic (SBP), diastolic (DBP) and left ventricles (LV) mass in a dose-dependent fashion but did
not affect the heart rate. It significantly increased surface area and length density of myocardial capillaries by 59%, 65%
and 86%, and length density by 57%, 77% and 57%, respectively (°9),

The anti-hypertensive activity of aqueous calyx extract of Hibiscus sabdariffa was investigated on salt induced
hypertensive albino rats for 28 days. The extract treated groups showed a significant (P < 0.01) reduction in diastolic
and systolic blood pressure when compared to the normotensive and hypertensive rats. There was no significant
difference (P > 0.05) between the drug treated and the extract treated groups during this treatment (100),

Intravenous injection of aqueous extract of Hibiscus sabdariffa calyces to anaesthetized cats lowered the blood pressure
in a dose-response manner. The inhibitory effects were resistant to a number of standard receptor blockers but the
hypotensive influence was partially blocked by atropine (101,

A controlled and randomized clinical trial was carried out to compare the antihypertensive effectiveness and tolerability
of a standardized extract from Hibiscus sabdariffa with captopril. Patients with diagnosed hypertension and without
antihypertensive treatment for at least 1 month were included, they were received either an infusion prepared with 10
g of dry calyx from Hibiscus sabdariffa (9.6 mg anthocyanins content), daily before breakfast, or captopril 25 mg twice a
day, for 4 weeks. The results showed that Hibiscus sabdariffa was able to decrease the systolic blood pressure (BP) from
139.05 to 123.73mm Hg (p < 0.03) and the diastolic BP from 90.81 to 79.52mm Hg (p < 0.06). At the end of the study,
there were no significant differences between the BP detected in both treatment groups (p > 0.25). The rates of
therapeutic effectiveness were 0.7895 and 0.8438 with Hibiscus sabdariffa and captopril, respectively (p > 0.560), whilst
the tolerability was 100% for both treatments (102),

The daily consumption of extract of Hibiscus sepals significantly decreases systolic blood pressure (SBP) and diastolic
blood pressure (DBP) in adults with pre to moderate essential hypertension and type 2 diabetes. The results revealed
that the effectiveness of extract was equivalent to captropril, but less effective than lisinopril (103),

A randomized, double-blind, placebo-controlled clinical trial was conducted to determine the antihypertensive effects
of Hibiscus sabdariffa tea consumption on 65 pre- and mildly hypertensive adults with no blood pressure-lowering
medications. They used either three 240-ml servings/day of brewed hibiscus tea or placebo beverage for 6 wk. At 6 wk,
hibiscus tea lowered systolic BP (SBP) compared with placebo. Diastolic BP was also lower, although this change did
not differ from placebo. The change in mean arterial pressure was of borderline significance compared with placebo.
Participants with higher SBP at baseline showed a greater response to hibiscus treatment (104),

Polyphenols from Hibiscus sabdariffa calices were administered to patients with metabolic syndrome (125 mg/kg/day
for 4 wk) and spontaneously hypertensive rats (125 or 60 mg/kg in a single dose or daily for 1 wk). Hibiscus sabdariffa
extract improved metabolism, displayed potent anti-inflammatory and antioxidant activities, and significantly reduced
blood pressure in both humans and rats (105),

Clinical trials confirmed the antihypertensive effect using watery infusions. The results showed that the treatment

decreased blood pressure (BP) from 146.48/97.77 to 129.89/85.96 mmHg, reaching an absolute reduction of
17.14/11.97 mmHg (11.58/12.21%, p < 0.05). The treatment showed therapeutic effectiveness of 65.12 % as well as
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tolerability and safety of 100 %. BP reductions and therapeutic effectiveness were lower than those obtained with
lisinopril (p < 0.05) (106),

The antihypertensive activity of roselle could be mediated by many mechanisms included inhibition of angiotensin-
converting enzyme activity and subsequent renin-angiotensin-aldosterone system, (especially anthocyanins
delphinidin-3-0-sambubioside,cyanidin-3-0O-sambubioside and related flavonoid glycosides), enhancement of vascular
activity by Na+ -K+ -ATPase and Ca?*-Mg?*-ATPase, enhancement of NO production, as endothelium derived relaxing
factor (EDRF), attenuation of the discharge of the sympathetic nervous system and diuretic effects (105-115),

1.31. Hyoscyamus niger

Hyoscyamus niger crude extract (Hn.Cr) caused a dose-dependent (10-100 mg/kg) fall in the arterial blood pressure
(BP) of rats under anesthesia. In guinea-pig atria, Hn.Cr exhibited a cardio-depressant effect on the rate and force of
spontaneous atrial contractions. In isolated rabbit aorta, Hn.Cr (0.01-1.0 mg/ml) relaxed the phenylephrine (PE, 1
microM) and K* (80 mM)-induced contractions and suppressed PE (1 microM) control peaks obtained in Ca%*-free
medium similar to that caused by verapamil. The vasodilator effect of Hn.Cr was endothelium-independent as it was not
opposed by N (omega)-nitro-L-arginine methyl ester in endothelium-intact rat aortic preparations and also occurred at
a similar concentration in endothelium-denuded tissues (116-117),

1.32. Hypericum triquetrifolium

The vasorelaxant effect of the total extract of Hypericum triquetrifolium was investigated on rat isolated aortic rings.
Contractions with phenylephrine and KC1 were compared after the tissues were incubated with different
concentrations of Hypericum triquetrifolium extract. In addition, the inhibitory effect of Hypericum triquetrifolium
extract (10%-103 g/ml) on the sustained contractions of aorta with phenylephrine and KG was also investigated. The
maximal inhibition obtained by the extract for the phenylephrine contractions was 93.95 +5.23%, while the maximal
inhibition was found as 85.78 = 4.87 % for KC1 contractions. However, Hypericum triquetrifolium extract inhibited both
phenylephrine and KC1 induced contractions in a concentration-dependent manner (118-119),

1.33. Jasminum sambac

The vasodilatation effect of the 95% ethanolic extract of Jasminum sambac flowers on isolated aortic rats was
investigated. Compared with the control group, the Jasmine flowers extract in 0.05% DMSO reduced the tonus of
isolated endothelium thoracic aortic rings pre-constricted with phenylephrine (10-¢u M), dose-dependently. However,
this effect was disappeared after the pre-incubation of the rings with atropine (10-°uM) or with N¢-nitro-L-arginine
(10-4u M) (120-121),

1.34. Juglans regia

The walnut diet improved endothelium-dependent vasodilation and reduced levels of vascular cell adhesion molecule-
1 (P<0.05). The walnut diet significantly reduced total cholesterol (-4.4+7.4%) and LDL cholesterol (-6.4+10.0%)
(P<0.05) (122),

The effect of methanol extract of walnut (Juglans regia kernel extract 100 and 200 mg/ kg/day, orally) on
dexamethasone-induced hypertension was studied in rats. Dexamethasone increased the diastolic BP and MDA/GPX
ratio in comparison with control group (128 +7 vs. 105 # 3 mmHg, p<0.05 and 0.2 £ 0.046 vs. 0.08 £0.02, p< 0.05).
Combination of dexamethasone and walnut (200 mg/kg) prevented the dexamethasone-induced diastolic hypertension
(109 £ 3 vs. 128+ 7 mmHg; p <0.05), increased the GPX level (14.8 £ 1.46 vs. 5.1 + 0.64 unit/mg, p < 0.05), reduced the
MDA/GPX ratio (0.16 + 0.015 vs. 0.2 £ 0.046) and improved serum NO level (123),

The potential anti-hypertensive effects of walnut was investigated clinically on130 hypertensive subjects. The result
showed that Juglans nigra normalizes high blood pressure, high cholesterol and serum electrolytes if short term meal
of walnut is taken. Walnut meal has no effect on haemoglobin concentration, white blood cell count, packed cell volume
and platelet counts compared with their corresponding controls (124,

The effect of walnut methanolic extract and ellagic acid, one of its major polyphenolic components was studied on the
expression of vascular cell adhesion molecule (VCAM)-1 and intracellular adhesion molecule (ICAM)-1 in human aortic
endothelial cells. After incubating the cells with TNF-alpha (1 ng/ml) in the absence and in the presence of
walnut extract (10-200 microg/ml) or ellagic acid (10- 7-10- 5 m), the VCAM-1 and ICAM-1 expression was quantified
by cell-ELISA. Walnut extract and ellagic acid decreased significantly the TNF-alpha-induced endothelial expression of
both VCAM-1 and ICAM-1 (P < 0.01; P < 0.001). Both walnut extract (at 10-25 microg/ml) and ellagic acid (at 10- 9-10-
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8 m) induced nodule formation in KS483 osteoblasts. These results suggested that the walnut extract has a high anti-
atherogenic potential and a remarkable osteoblastic activity, an effect mediated, at least in part, by its major component
ellagic acid (125-126),

1.35. Juniperus oxycedrus

The arterial blood pressure of normotensive rats was significantly reduced by the iv administration of the methanol and
dichloromethanol extracts of Juniperus oxycedrus. The hypotensive effect of these extracts was independent of the
adrenergic system (127-128),

1.36. Lantana camara

The cardiovascular activity of ethanolic extract of Lantana camara leaves was evaluated in different experimental
models. The ethanolic extract of Lantana camara leaves produced negative inotropic and negative chronotropic effect,
antagonized by atropine on isolated frog heart. The ethanolic extract caused dose dependent (p<0.05) decrease in the
mean arterial blood pressure in anesthetic chick. Salt treated rats displayed significant (p<0.05) increase in blood level
of SGOT, SGPT, creatinine and sodium, decrease in potassium levels in comparison with normal rats. Treatment with
ethanolic extract (200 and 400 mg/kg) significantly balanced the ionic levels such as lower the sodium and elevate the
potassium levels. Creatinine levels were significantly (p<0.05) reduced by ethanolic extract (129-130),

1.37. Leontice leontopetalum

Low concentrations of petaline chloride (1-300 micrograms/ml), a quaternary alkaloid from Leontice leontopetalum,
caused relaxation of the epinephrine-contracted aorta, contraction of the ileum, and no effect on the trachea. It also
increased, in a concentration-dependent manner, the contractions of the spontaneously-beating atrium and the isolated
perfused heart. These effects were not affected by propranolol but were significantly reduced in the presence of
quinacrine, suggesting the participation of arachidonic acid metabolism to this effect. Larger concentrations (up to 3
mg/ml) caused nonsustained large contractions of the aorta and the trachea and increased the amplitude of the phasic
contractions of the ileum. The contractile effects were not inhibited by atropine. In anesthetized rats, petaline chloride

(0.3-3 mg/100 g body weight; ip) increased both the systolic and diastolic blood pressure and increased the heart rate
(131),

Oblongine chloride (3 x 105-103 M), a quaternary alkaloid from Leontice leontopetalum, caused concentration-
dependent relaxation of guinea-pig isolated ileal longitudinal segments, the effect was not blocked by propranolol (10-
6 M) alone or in combination with prazosin (3 x 10-8 M), or by indomethacin (10-¢ M), but was reduced by desensitization
of the preparation by prior exposure to a combination of propranolol and yohimbine (3 x 10-¢ M). Oblongine chloride
(10-53 x 10-3) M) also caused concentration-dependent relaxation of epinephrine- precontracted guinea-pig isolated
main pulmonary artery rings. The effect was not affected by propranolol or by indomethacin but was significantly
attenuated by pretreatment with 3 x 10-5> MATP and potentiated by pretreatment with quinacrine (10-5 M). Oblongine
chloride (10-> M-3 x 10-3 M) caused concentration-dependent increase in the contractility of guinea-pig atrium, but did
not affect the rate of the atrium. It also caused concentration-dependent increase in the contractility of the isolated
perfused heart except that large concentrations of oblongine (10-3, 3 x 10-3 M) which inhibited both contractility and
rate of the heart. The inotropic effects of oblongine on the atrium were not blocked by propranolol or indomethacin but
were significantly blocked by quinacrine (132-133),

1.38. Lepidium sativum

The antihypertensive effect of the aqueous extract of Lepidium sativum was studied in normotensiveand spontaneously
hypertensive rats. Daily oral administration of the aqueous extract (20mg/kg for 3 weeks) caused significant decrease
in blood pressure (p< 0.01) in hypertensive rats, with no significant change in normotensive rats during the period of
treatment. The systolic blood pressure was decreased significantly from the 7t day (p< 0.05) to the end of treatment
(p< 0.01) in hypertensive rats. No significant changes were recorded on heart rate after the aqueous extract treatment
in hypertensive and normotensive rats (134-135),

1.39. Linum usitatissimum

The antihypertensive activity of ethanolic extract of seeds of Linum usitatissimum (200 and400 mg/kg) was investigate
in renal artery occlusion (RAO) induced hypertensive rats. RAO significantly increased hemodynamic parameters at 15,
30 and 45 min of clamp removal. Ethanolic extract (400 mg/kg) significantly decreased hemodynamic parameters at
15 min after clamp removal which remained for 60 min. Ethanolic extract (400 mg/kg) treated group also showed
significant improvement in left ventricular function at 15, 30 and 45 min of clamp removal. The flow cytometric analysis
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showed significant decrease in reactive oxygen species production by renal cells in ethanolic extract (400 mg/kg)
treated group as compared with RAO group which indicated antioxidant activity of ethanolic extract (136),

The effects of golden flaxseed grains on blood pressure, anthropometric and oxidative parameters were evaluated in
healthy human volunteers. All subjects received 40 gram mixed with water in the morning for a period of 14 days.
Oxidative parameters showed significant reductions (p< 0.05) in oxidative damage to lipids and proteins. There were
no significant differences in anthropometric parameters, blood pressure, DNA damage and micronuclei frequency after
14-day supplementation (137).

The anti-hypertensive effect of aqueous extract with secoisolariciresinol diglucoside (SDG) enriched fraction (SEF) of
defatted flaxseeds was evaluated in fructose-induced hypertension in rats. SEF was given orally once daily at the doses
0of 50,100 and 200mg/kg. Fructose feeding for 4 weeks induced hypertension, increased triglyceride level and increased
plasma glucose levels in rats. The SEF possessed a significant reverse in hypertension by restoring SBP and also
significantly reduced high plasma glucose, high cholesterol and triglyceride levels in dose dependent manner. In vitro
study showed that SEF significantly inhibited angiotensin- converting enzyme (ACE) compared to standard (138),

The hypoglycemic and hypotensive effects of (a standardized Linum usitatissimum lignan enriched product, 543 mg)
were studied in healthy older adults as an aspect of safety. After 6 months of treatment, no incidents of hypoglycemia
or hypotension were observed during flaxseed treatment, suggesting that 543 mg below the concentrations produced
observable adverse effect level (139,

The anti- hypertensive activity of flaxseed-supplemented standard diet 10% (FLX) was examined in cyclosporin A-
induced hypertensive male rats. Hypertensive rats fed the FLX-supplemented diet had significantly lower blood
pressure, improved lipid profile and improved liver and kidney functions (aspartate aminotransferase, alanine
aminotransferase, blood urea nitrogen, uric acid, creatinine, and rennin) (140,

1.40. Lycium barbarum

The anti-hypertensive effect of Lycium barbarum was studied in a rat model of salt-sensitive hypertension. Blood
pressure was significantly increased in the model (p< 0.05). Lycium barbarum treatment reversed the elevated blood
pressure to normal level. Expression of IncRNA sONE was significantly reduced and eNOS expression level was
dramatically improved in the hypertension model rats treated with the Lycium barbarum (141),

1.41. Mangifera indica

The direct effect of Mangifera indica leaf extract was studied in the rabbit myocardium. The results clearly indicated
that the leaf extract possesses negative chronotropic and inotropic effects. The author concluded that Mangifera indica

can be used in patients with hypertension because it significantly lowered the rate and force of contraction of the heart
(142-143),

1.42. Marrubium vulgare

The crude extracts of the aerial parts of Marrubium vulgare were strongly inhibited the in vitro KCl-induced contraction

of rat aorta. It appeared that furanic labdane diterpenes, marrubenol and marrubiin were the most active compounds
(144),

The relaxant activity of marrubenol (a diterpenoid extracted from Marrubium vulgare), and the underling mechanism
were studied in rat aorta. Marrubenol inhibited the contraction evoked by 100 mM KCl (ICso: 11.8+0.3 microM,
maximum relaxation: 93+0.6%) than of the contraction evoked by noradrenaline (maximum relaxation: 30+1.5%) in
rat aorta. It also simultaneously inhibited the Ca2*signal and the contraction evoked by 100 mM KCl, and decreased the
quenching rate of fura-2 fluorescence by Mn%*.Marrubenol inhibited BaZ* inward current in a voltage-dependent manner
(KD: 8+2 and 40+6 microM at holding potentials of -50 and -100 mV, respectively). The results revealed that Marrubenol
inhibited smooth muscle contraction by blocking L-type calcium channels (145).

The hypotensive effect of the water extract of Marrubium vulgare was investigated in spontaneously hypertensive and
in normotensive rats. Oral administration of Marrubium vulgare extract lowered the systolic blood pressure of
spontaneously hypertensive rats but not in normotensive rats. Marrubium vulgare extract inhibited the contractile
responses of rat aorta to noradrenaline and to KCl (100 mM). Inhibition was greater in aorta from spontaneously

hypertensive rats compared to normotensiverats and was not affected by the NO synthase inhibitor, N-nitro-L-arginine
(146),
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The effects of 10 week- treatment with amlodipine or Marrubium vulgare water extract on systolic blood pressure,
cardiovascular remodeling and vascular relaxation were studied in spontaneously hypertensive rats. Both treatments
produced similar decrease in systolic blood pressure. Amlodipine treatment reduced left ventricle, aortic and
mesenteric artery weight, while, marrubium treatment had a significant antihypertrophic effect in aorta only.
Relaxation to acetylcholine (ACh) of mesenteric artery was improved by Marrubium vulgare but not by amlodipine
treatment (147-148),

1.43. Melilotus officinalis

The therapeutic efficacy and the clinical tolerability of an association of alpha tocopherol, rutin, Melilotus officinalis, and
Centella asiatica was evaluated in patients with chronic venous insufficiency after 15 and 30 days treatment. A
significant improvement of the clinical symptoms was obtained, characterized by a diminution of the suprafascial edema
after the treatment period (149-150),

The safety and outcome of one-week administration of Melissa officinalis aqueous extract (50, 100 and 200 mg/kg/day,
orally for a week)on blood pressure and ECG parameters were studied in rats. Consumption of Melissa officinalis
extract associated with prolonged QRS interval (P< 0.05 for 50 and 100 mg/kg groups, and P< 0.01 for 200 mg/kg group
versus the control group, respectively), prolonged QTc and JT intervals (P< 0.01 for different doses versus the control
group) and prolonged TpTe interval (P< 0.001 compared with the control group). However, different doses of

the extract had no significant effect on RR interval, PR interval, amplitudes of ECG waves, heart rate and blood pressure
(151),

The effects of aqueous extract of Melissa officinalis aerial parts on the resistance of the heart to stressful conditions were
studied in rats. The extract (50, 100, and 200 mg/kg) significantly reduced the heart rate (264 +5.2+5 and 281+3
versus 377 £ 13 in control group, P <0.01). Blood pressure was significantly decreased in 50mg extract + isoproterenol
(ISO) (75 £5) versus 50mg extract (110 = 6) and 100 mg extract +ISO (72 £ 6) versus 100 mg extract (105 +5 mmHg,
P<0.01). The malondialdehyde levels of the injured hearts were lower in 50 mg extract + ISO and 100 mg extract + ISO
groups than in the ISO group (P < 0.05). Serum cardiac troponin [ was higher in the 200 mg extract + ISO group (5.1 £ 1.7)
than in the ISO group (2.7 + 0.7 ng/ml, P<0.05) (152),

Vasorelaxant effect of the aqueous extract of Melissa officinalis ssp. officinalis was investigated on isolated rat aortic
rings pre-contracted with phenylephrine. The extractand rosmarinic acid isolated from the extract possessed
vasorelaxant effect, the vasorelaxant effect was entirely dependent on the presence of endothelium and was abolished
by pretreatment with N (omega)-nitro-L-arginine (L-NAME), whereas pretreatment with indomethacin and
glibenclamide reduced the relaxation to a minor extent (153).

1.44. Mentha longifolia

The hypotensive effect of the aqueous methanolic extract of Mentha longifolia, was studied in normotensive and
hypertensive rats. The extract at doses of 500 and 1000 mg/kg orally, exhibited a significant decrease in blood pressure
and heart rate of normotensive rats. A significant antihypertensive and negative chronotropic effects were observed at
1000 mg/kg orally, in hypertensive rats (154

The effects of the extract of Mentha longifolia on blood pressure and the possible mechanisms were studied in rats. The
crude extract of Mentha longifolia and aqueous and chloroform fractions caused a dose dependent fall in mean arterial
pressure. Atropine pretreatment abolished the effect of extract and aqueous fraction but did not change that of
chloroform fraction. In rat aortic rings, crude extract and aqueous fraction-induced endothelium-dependent atropine-
sensitive vasodilator effect. In Guinea pig atrial strips, crude extract and chloroform fraction suppressed force and rate
of contractions, similar to verapamil. In rabbit aortic rings, crude extract relaxed phenylephrine (1 uM) and high K* (80
mM) pre-treated ring. Chloroform fraction was more potent against high K+, similar to verapamil and caused a rightward
shift in the Ca** concentration-response curves. Aqueous fraction partially relaxed high K* pretreated ring (155,

1.45. Momordica charantia

The protective effect of Momordica charantiawas investigated in vascular complications associated diabetes mellitus
induced by Streptozotocin in rats. Oral administration of the fruit extract (1.5 g/kg) for 28 days significantly decrease
(P<0.05) blood pressure, total cholesterol and triglyceride levels. Aortic tissue NO level was significantly increased and
malondialdehyde level was decreased in the extract treated diabetic group. Morphological deterioration of the aortic
tissues was reverted to normal in the extract treated diabetic group (156),
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The methanol extract of Momordica charantiapossessedsignificantly higher (ICso = 109.63 pg/ml, P< 0.05) angiotensin-
[ converting enzyme inhibitory activity than aqueous extract (ICso= 182.95 pg/ml). The methanol extract also
significantly showed higher (P < .05)inhibitory effect on FeZ*- and cisplatin-induced lipid peroxidation than
aqueous extract (157),

2. Conclusion

Plants generally produce many secondary metabolites which are bio-synthetically derived from primary metabolites
and constitute an important source of many pharmaceutical drugs. This review presented an overview of medicinal
plants with hypotensive and vascular effects as promising future therapies because of efficacy and safety.
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