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Abstract

Umbelliprenin (UMB), a member 7-prenyloxycoumarins, is a sesquiterpene coumarin produced by several Ferula species;
UMB presents diverse properties including anticancer, anti-inflammatory and antioxidant activities. Antihypertensive
properties of Ferula extracts were attributed to the sesquiterpene coumarins. This work assessed UMB effect on blood
pressure in rats treated with high-fat diet (HFD). Forty Wistar rats were randomly assigned into 5 groups of eight: control
group (fed with normal diet), HFD-control (fed with HFD (32% kcal of fat and 1% cholesterol) for 49 days and normal saline
on day 50) and three groups of rats fed with HFD for 49 days and treated with UMB 6.25, 12.5 and 25 mg/kg (as a single
intraperitoneal dose), on day 50. On day 50, invasive blood pressure measurements were made through cannulation of the
carotid artery and use of the PowerLab system. Mean arterial blood pressure (MAP), systolic (SBP) and diastolic (DBP)
blood pressure and heart rate (HR) were recorded. SBP and MAP in HFD-control rats were significantly higher than those of
the control group (p < 0.001). Moreover, HFD treated rats that received the higher UMB dose showed a significant decrement
of SBP and MAP. UMB presented a favourable anti-hypertensive profile in the HFD hypertension model in rats.

Rezumat

Umbeliprenina (UMB) este o cumarina sesquiterpenica produsa de mai multe specii de Ferula; UMB prezinta proprietati
diverse, inclusiv activititi anticanceroase, antiinflamatoare si antioxidante. Proprietatile antihipertensive ale extractelor de
Ferula au fost atribuite coumarinelor sesquiterpenice. Aceastd lucrare a evaluat efectul UMB asupra tensiunii arteriale la
sobolani tratati cu dietd bogatd in grasimi (HFD). Patruzeci de sobolani Wistar au fost repartizati aleatoriu in 5 grupuri de
opt: grup control (dietd normald), control HFD (hranit cu HFD (32% kcal de grasimi si 1% colesterol) timp de 49 de zile si
solutie salind normala in ziua 50) si trei grupuri de sobolani hraniti cu HFD timp de 49 de zile si tratati cu UMB 6,25, 12,5 si
25 mg/kg corp (doza unica intraperitoneal), in ziua 50. in ziua 50, s-au efectuat mésuritori invazive ale tensiunii arteriale
prin canularea arterei carotide si utilizarea sistemului PowerLab. Au fost inregistrate presiunea arteriald medie (MAP),
sistolica (SBP) si diastolica (DBP) si frecventa cardiaca (HR). SBP si MAP la sobolanii-control HFD au fost semnificativ
mai mari decat cele ale grupului martor (p < 0,001). Mai mult decat atat, sobolanii tratati cu HFD care au primit doza mai
mare de UMB au prezentat o scddere semnificativd a SBP si MAP. UMB a prezentat un profil antihipertensiv favorabil in
modelul de hipertensiune arteriala HFD la sobolani.
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Introduction shown in hypertensive individuals and a causal role
between them and molecular pathways resulting in
hypertension was shown [32].

As primary and adjunctive therapy, the World Health
Organization (WHO) emphasizes using non pharmacological
measures (like physical activity) and supplementation
with antioxidants by subjects with hypertension [6].
Natural antioxidants are able to protect living organisms
from oxidative damage due to overwhelming production
of reactive oxygen species (ROS) and consequent lipid

Proper management of hypertension as a chronic
condition affecting 25% of general population is of
great importance particularly considering the point
that a majority of such patients have uncontrolled
blood pressure [1, 3]. It was repeatedly shown that
hypertension pathophysiology includes a network of
multiple interacting vascular effectors. In this context,
oxidative stress and endothelial dysfunction were
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peroxidation and protein/DNA damage [6, 7, 9, 21,
23, 27, 29, 34-37]. Plants extracts have been widely
examined for their possible effects as antihypertensive
agents; for instance, Elaeagnus umbellata extract was
shown to have anti-hypertensive effects (24).
Umbelliprenin (UMB) is a 7-prenyloxycoumarin that
is synthesized by many Ferula species and presents
antioxidant activities. As a sesquiterpene coumarin,
UMB has also shown various anti-inflammatory
and cancer chemo-preventive activities [13-15, 31].
Another bioactive compound of Ferula, auraptene (7-
geranyl-oxycoumarin) has shown anti-hypertensive
effects [11, 12].

To the best of our knowledge, possible effects of
UMB on hypertension has not yet been reported;
so, in the present work, we aimed to assess UMB
effects in high-fat diet (HFD)-hypertensive rats.

Materials and Methods

Animals

Forty male Wistar rats (8 - 10 weeks old) of 200 - 250 g
weight, were used in this study. Animals were maintained
under standard conditions (at 25°C with 12 h light/12 h
dark cycles) and they had free access to food and
water. All animal experiments were approved by
the animal research Ethics Committee of University
of Medical Sciences of Zabol, Iran, and done in
accordance with National Institute of Health Guide
for the Care and Use of the Laboratory Animals.
Animals were randomly assigned into 5 groups of
eight rats as follows: control group (fed with normal
diet), HFD-control (fed with HFD containing 32%
kcal of fat and 1% cholesterol for 49 days and
normal saline on day 50) and three groups of rats
fed with HFD for 49 days and treated with UMB
6.25, 12.5 and 25 mg/kg (a single intraperitoneal
(i.p.) dose), on day 50.

Reagents

Umbelliprenin (UMB; Golexir Pars Co., Mashhad,
Iran), ketamine (Alfasan, Holland) and xylazine (Pantex,
Holland) were used in this work. For measurement
of systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rate (HR) and mean arterial
blood pressure (MAP), PowerLab (AD Instruments,
Bella Vista, New South Wales, Australia) was used
[18, 22].

Oral administration of high-fat diet (HFD)
Animals were assigned to receive two types of diet
(i.e. normal or HFD). The control group received
purified low-fat diet (containing 10.6% Kcal of fat)
for 7 weeks. The rest of the animals received HFD
containing 32% Kcal of fat and 1% cholesterol, for
49 days [4].

Methods

After the 7-week period of HFD, animals were fasted
overnight (minimum period of 8 - 10 h), and anesthetized
using ketamine/xylazine. Animals reflexes were assessed.
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Animals were placed on a suitable rodent surgical
table with electrocardiogram (ECG) recording. The
ventral side of the neck, right hind leg, and chest of
the animals were carefully disinfected and shaved.
A small incision (1.5 - 2.0 cm) was made in rats’
neck for the tracheostomy procedure and carotid
artery cannulation. Tracheostomy was done by using
a small piece of paediatric Ryle's tube or rodent
tracheal intubation tube as previously described [10].
The carotid artery was identified and the cardiac end
of the blood vessel was clamped by a bulldog clamp
for cannulation [22]. The blood vessel was cannulated
employing a cannula pre-filled with heparinized normal
saline (0.5 IU/mL). After cannulation, the bulldog
clamp at the cardiac end of the blood vessel, was
slowly released [31].

Three hours before cannulation, different doses of
UMB were injected i.p. in the HFD-UMB groups
while the HFD-control group was treated with normal
saline. After cannulation, the sensor was connected to
the PowerLab instrument and SBP, DBP, MAP and
HR were recorded and analysed using LabChart 8
software [22].

Statistical analysis

Data was analysed using SPSS Ver. 11.5 (SPSS, Chicago,
IL, USA). Differences among the four groups were
assessed using One-way ANOVA followed by Tukey
post hoc test. A p < 0.05 is reported as statistically
significant.

Results and Discussion

Effects of UMB on systolic blood pressure (SBP) in
HFD-hypertensive rats
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Figure 1.

Effects of different doses of UMB (6.25, 12.5 and
25 mg/kg i.p) on SBP in rats

(*** p <0.001 compared to the control group and ### p <
0.001 compared to HFD-control group. Cont: control
group; HFD-Cont: HFD-treated rats that were treated
with normal saline on day 50; UMB 6.25, 12.5 and 25:
HFD-treated rats that respectively received a single i.p.

dose of UMB (umbelliprenin) 6.25, 12.5 and 25 mg/kg,

on day 50. SBP: systolic blood pressure)
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As depicted in Figure 1, HFD-control animals, compared
to the control group, showed significant increases in
SBP (p < 0.001). Among the UMB-treated groups,
only UMB 25 mg/kg could significantly decrease
HFD-induced SBP (p < 0.001 compared to the HFD-
control group).

Effects of UMB on diastolic blood pressure (DBP)
in HFD-hypertensive rats

As shown in Figure 2, no significant differences were
found in DBP between the control and HFD-control
groups. Therefore, our results confirmed that DBP
was not changed following HFD treatment.
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Figure 2.

Effects of different doses of UMB (6.25, 12.5 and 25
mg/kg i.p) on diastolic blood pressure (DBP) in rats
(Ctrl: control group; HFD-Ctrl: HFD-treated rats that
were treated with normal saline on day 50; UMB 6.25,
12.5 and 25: HFD-treated rats that respectively received a
single i.p. dose of UMB (umbelliprenin) 6.25, 12.5 and
25 mg/kg, on day 50)
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Figure 3.
Effects of UMB on mean arterial pressure (MAP)
in rats

(*** p<0.001 compared to the control group and ### p <
0.001 compared to the HFD-Ctrl group. Ctrl: control group;
HFD-Ctrl: HFD-treated rats that were treated with normal

saline on day 50; UMB 6.25, 12.5 and 25: HFD-treated

rats that respectively received a single i.p. dose of UMB
(umbelliprenin) 6.25, 12.5 and 25 mg/kg, on day 50)
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Effects of UMB on mean arterial pressure (MAP) in
HFD-hypertensive rats

Compared to the control group, as depicted in Figure 3,
a significant increase in MAP was found in HFD-
control rats (p < 0.001). Furthermore, UMB 25 mg/kg
significantly reduced MAP compared to the HFD-
control group (p < 0.001). Nevertheless, no significant
differences were found between HFD animals receiving
lower doses of UMB (6.25 and 12.5 mg) and HFD-
control group.

Effects of UMB on heart rate (HR) in HFD-hyper-
tensive rats

As depicted in Figure 4, HR did not significantly
vary between the control and HFD-treated animals.
Further, in the HFD-treated animals, UMB (6.25,
12.5 and 25 mg/kg) treatment did not significantly
affect HR.
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Figure 4.

Effects of different doses of UMB (6.25, 12.5 and
25 mg/Kg i.p) on heart rate.

(Ctrl: control group; HFD-Ctrl: HFD-treated rats that were
treated with normal saline on day 50; UMB 6.25, 12.5 and
25: HFD-treated rats that respectively received a single i.p.

dose of UMB (umbelliprenin) 6.25, 12.5 and 25 mg/kg,

on day 50)

In the present study, treatment with a single i.p. dose
of UMB 25mg/kg, decreased SBP and MAP in HFD-
treated hypertensive rats. UMB or 7-prenyloxy-
coumarinis as sesquiterpene coumarins synthesized
by many Ferula species and presents diverse effects
including anti-inflammatory, antioxidant, cytotoxic,
antidiabetic and anti-leishmania effects as well as
apoptosis-inducing and anticholinesterase inhibitor
properties [25].

One of the most abundant ingredients of Ferula
persica is UMB. Ghanbari et al. assessed the anti-
hypertensive effects of Ferula persica in hyper-
tensive rats [5]. They evaluated the acute and chronic
effects of different doses of aqueous extract of F.
persica on hypertensive Wistar rats and found that
a single i.v. dose of F. persica extract (15 mg/kg)
reduced significantly blood pressure levels in hyper-
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tensive animals whereas the chronic use of this extract
did not have any antihypertensive effect. Furthermore,
they found that L-NC-Nitro arginine methyl ester (L-
NAME) eliminated and atropine reduced extract’s
antihypertensive effects (5). Our findings on the short-
term effects of UMB are partially in agreement with
the said study showing that UMB, an important
ingredient of F. persica, was able to reduce blood
pressure levels in a 49-day administration period.
Karimi et al. investigated the effects of 8 naturally
occurring terpenoid and coumarin derivatives from
Ferula including UMB, and found that UMB has
acetylcholinesterase inhibitory activity [16]. Several
studies showed that peripheral and central acetyl-
cholinesterase inhibition could reduce hypertension [17,
30, 33]. One of these studies conducted by Renata et al.
confirmed that donepezil, a strong anticholinesterase
inhibitor, attenuated hypertension development in
spontaneously hypertensive rats, probably due to its
anti-inflammatory properties, indicating that acetyl-
cholinesterase inhibition produces beneficial effects
for antihypertensive therapy [30].

UMB was isolated from plants of the genus Ferula [6,
19, 20]. One of the said plants is Ferula gummosa.
In the study of Mahmoody et al., it was found that
supplementation with Ferula gummosa combined with
aerobic training in hypertensive rats, significantly
augmented the components of the cardiac apelinergic
system and reduced oxidative stress in hypertensive
rats [19]. The combination of exercise with F. gummosa
supplementation increased NO production, which led
to a lower blood pressure. One of the active compounds
of F. gummosa is UMB which probably contributes
to its anti-hypertensive effect. Our findings could be
interpreted in part by the findings of the said study
on the normalization of oxidative stress markers
and the up-regulation of the apelinergic system in
hypertensive animals [19].

Nitric oxide synthase inhibition induces hypertension
and L-NAME can induce hypertension in animal
models. In the study by Moosavi et al., F. gummosa
hydroalcoholic extract inhibited renal oxidative stress
and inflammation induced by L-NAME [20]. In this
model of salt sensitive hypertension, F. gummosa, an
abundant source of UMB, reduced the levels of key
players of hypertension induction, renal inflammation
and oxidative stress.

Prenylated coumarins are naturally occurring compounds
found in vegetables which we are daily consumed [8,
28, 36]. UMB is one of these compounds with a structure
similar to auraptene (AUR), another prenylated coumarin
from Ferula species [38]. The only chemical difference
between these two compounds is that the 7-prenyloxy
chain is longer [2, 38]. Antihypertensive effects of
AUR were reported by previous studies [12, 26]. In
rats with hypertension caused by deoxycorticosterone
acetate salt, chronic administration of AUR led to a
significant blood pressure decrease. At the same time, a
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single i.v injection of AUR was found to have medium
antihypertensive effects in normotensive rats [12, 26].
Considering the chemical similarity of UMB and AUR,
antihypertensive properties might be probably a general
characteristic of prenylated coumarins.

Conclusions

The present study showed the anti-hypertensive effects
of UMB and specifically, it indicated that a single
i.p. dose of UMB at the concentration of 25 mg/kg
significantly diminished blood pressure in HFD-induced
hypertensive rats. UMB as a natural product found in
several Ferula species, possesses anti-inflammatory
and anti-oxidant properties and together with its anti-
hypertensive action presented for the first time in the
current study, seems to be a very promising compound
for further evaluation for management of early stages
of hypertension.
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