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ABSTRACT This study investigated the effects of different celery (Apium graveolens) seed extracts on blood pressure (BP)

in normotensive and deoxycorticosterone acetate–induced hypertensive rats. The hexanic, methanolic, and aqueous-ethanolic

extracts were administered intraperitoneally and their effects on BP and heart rate (HR) were evaluated in comparison with

spirnolactone as a diuretic and positive control. Also, the amount of n-butylphthalide (NBP), as an antihypertensive con-

stituent, in each extract was determined by HPLC. The results indicated that all extracts decreased BP and increased the HR in

hypertensive rats, but had no effect on normotensive rats. The data showed that administration of 300mg/kg of hexanic,

methanolic, and aqueous-ethanolic (20/80, v/v) extracts of the celery seed caused 38, 24, and 23mmHg reduction in BP and

60, 25, and 27 beats per minute increase in the HR, respectively. Also, the HPLC analysis data revealed that the content of

NBP in the hexanic extract was 3.7 and 4 times greater than methanolic and aqueous-ethanolic extracts. It can be concluded

that celery seed extracts have antihypertensive properties, which appears to be attributable to the actions of its active

hydrophobic constitutes such as NBP and can be considered as an antihypertensive agent in chronic treatment of elevated BP.
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INTRODUCTION

Increased blood pressure (BP) is one of the important
risk factors for coronary heart disease, which is the largest

cause of mortality in industrial countries.1 Hypertension
(HTN) has been termed the silent killer, an asymptomatic
chronic disorder that, if undetected and untreated, silently
damages the blood vessels, heart, brain, and kidneys.2 Thus,
hypertensive patients have increased risk of silent ischemia
and unrecognized myocardial infarction (MI). Due to this
fact, patients with acute MI often have preexisting HTN that
has been undetected or untreated.3 Preexisting HTN in-
creases the case-fatality rate associated with an acute MI and
substantially increases the risk of hemorrhagic stroke during
thrombolytic therapy, especially when systolic BP exceeds
175mmHg.4 Controlling HTN can also improve exertional
dyspnea, nocturia and possibly even erectile dysfunction
caused by endothelial dysfunction.5 A health-promoting
lifestyle, weight loss, and decreased dietary NaCl have
been shown to lower the risk of developing HTN. Drug
therapy will be necessary if these interventions are not
efficient in decreasing BP.6 Medications are recommended
for hypertensives with BP more than 140/90mmHg.7 To
achieve ideal BP, the majority of hypertensives will

require treatment with more than one drug.8 Appropriate
combinations of these drugs at lower doses may have ad-
ditive effects on BP with a lower incidence of side effects.
Taking BP medications can cause side effects such as
headache, dizziness, tachycardia, feeling tired, and sexual
dysfunction.9

Nowadays, there are many herbal medicines for man-
agement of HTN, for example, garlic, hawthorn, and cay-
enne pepper.10–13 There are some ingredients in the herbs
that synergistically produce beneficial effects.14,15 Apium
graveolens, commonly known as celery, is a plant species in
the family Apiaceae. Celery grows up to 1-m height and has
odd-pinnate compound leaves with dentate leaflets on a
central stem.16,17 In recent pharmacological studies, celery
has demonstrated antioxidant, hypolipidemic and anti-
inflammatory activities.18,19 It was also administered as an
antihypertensive agent in folk medicine.20 n-Butylphthalide
(NBP) (Fig. 1) along with sedanolide, is one of the chemical
constituents in celery oil, which is primarily responsible for
the aroma and taste of celery.21 Previous studies in animal
models suggested that NBP, extracted from other herbs, may
be useful for the treatment of HTN.21–23 In this study, we
investigated the antihypertensive effect of chronic admin-
istration of hexanic, aqueous-ethanolic and methanolic ex-
tracts of A. graveolens in rats. We also determined the
amount of NBP in the above-mentioned extracts by HPLC.
The data suggested that celery extracts possess hypotensive
properties in rats and should be further investigated as a
potential intervention for HTN in humans.
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MATERIALS AND METHODS

Chemicals

Methanol, ethanol (80%), liquid paraffin, and n-hexane
were obtained from Merck (Darmstadt, Germany). Spirno-
lactone was obtained from Pars Darou Pharmaceutical
Corporation (Tehran, Iran). NBP was purchased from
Langchem, Inc. (Shanghai, China). Deoxycorticosterone
acetate (DOCA) and normal saline (NS) (0.9%) were ob-
tained from Hakim Pharmaceutical Corporation (Tehran,
Iran) and Samen Corporation (Mashhad, Iran), respectively.

Extraction and HPLC analysis

The celery extracts were isolated from celery seeds (ob-
tained from Imam Pharmacy, Mashhad, Iran, and the iden-
tity was confirmed by the herbarium of school of pharmacy).
Briefly, celery seeds were ground and powdered and the dry
powder (50 g) was suspended in 250mL of solvent (n-
hexane, methanol, or aqueous-ethanol [20/80, v/v]) at room
temperature and shaken for 48 h in the darkness. Then, the
suspension was centrifuged (2594 g for 10min) and the
supernatant was separated. The solution was allowed to dry
in darkness at room temperature. The hexanic extract was
dissolved in liquid paraffin and the other extracts were
dissolved in NS (0.9%) before injection.

Chromatographic determination of NBP was carried out
using a Younglin Acme 9000 system (Gyeonggi-do, South
Korea), consisting of an SP930D solvent delivery module,
SDV50A solvent mixing vacuum degasser, column oven
CTS30, UV730 dual wavelength UV/VIS detector, and
ODSA C18 (4.6mm· 150mm, 5-lm) column. The data
analysis was performed by Autochro 3000 software. The
injection volume was 20lL, the flow rate was 1mL/min,
and the column temperature was fixed at 30�C. The UV
detector was set to 230 nm. A gradient method was applied
in which the mobile-phase composition was changed from
20%methanol in water to 80% in 20min run time. The same
concentration of all extracts (100lg/mL) were prepared in

methanol and injected into the HPLC. The concentrations of
NBP were calculated from the area under curve by com-
paring them to an NBP standard solution.

Animals and drugs

Male Wistar rats (250–320 g) were obtained from the
animal facilities of the Pharmaceutical Research Center,
BuAli Research Institute, Mashhad University of Medical
Sciences. The animals were housed six per cage with a 12-h
light/12-h dark cycle at 21�C – 2�C and had free access to
food and 1% saline solution.

About 54 rats were randomly divided into nine groups:
All groups except group 9 (normotensive rats), received
DOCA for 7 weeks (20mg/kg, twice weekly, s.c.). From
week 4 to 7, drugs were injected daily intraperitoneally (i.p.)
as mentioned below.

Hexanic extracts (100, 200, and 300mg/kg) were ad-
ministered to groups 1, 2, and 3, methanolic (300mg/kg)
and aqueous-ethanolic extracts (300mg/kg) for groups 4 and
5, and spirnolactone (50mg/kg) for the positive control
group (group 6). Negative control groups (group 7 and 8)
received NS 0.9% (solvent of methanolic and aqueous-
ethanolic extracts) and liquid paraffin (solvent of the hexa-
nic extract) (0.5mL). The normotensive group (group 9)
received NS 0.9% (0.5mL, i.p. twice weekly, n = 6) for 7
weeks and the hexanic extract (300mg/kg, i.p. every day)
from week 4 to 7.

For evaluation of the persistent effect of celery and
spirnolacton, groups 3 and 6 received DOCA, for two
more weeks after stopping the administration of drugs at
week 7.

Handling and experimental procedures for all animals
were in accordance with the Mashhad University of Medical
Sciences Ethics Committee Acts.

Measurement of BP and heart rate

The BP and heart rate (HR) were determined at the end
of every week using the tail-cuff method. Before mea-
surement, the animal was placed and relaxed in a rat holder
at room temperature (25�C) about 15 to 20min for accli-
mation. The results of BP were significantly more reliable
under these conditions. At lower temperatures, tail blood
flow was reduced and determination of BP was very dif-
ficult. Systolic blood pressure was measured by means of
the tail-cuff method using a SP844 MLT844 physiological
pressure transducer. Acquisition of data was performed by
a computerized system Power Lab (AD Instruments,
v5.4.2). For each animal, the BP and HR were measured 3
times, in a period of 30min, and the average of data was
reported.

Statistical analysis

Data are expressed as mean – SEM. The data were as-
sessed by one-way repeated measure analysis of variance
followed by the Tukey’s post hoc test. A value of P < .05
was considered statistically significant.

FIG. 1. The chemical structure of n-butylphthalide (NBP).
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RESULTS

Amounts of NBP in celery extracts

The HPLC analysis showed that the amounts of NBP in
hexanic, methanolic, and aqueous-ethanolic (20/80, v/v)
were 3.46, 0.93, and 0.85mg/g of extracts, respectively (Fig.
2). The NBP is an oily compound with higher solubility in
nonpolar solvents compared to water and other polar media.
Also, the concentration of other nonpolar compounds of
celery seeds would be higher in hexanic extracts.

Systolic BP

Administration of DOCA to the negative control groups
(groups 7 and 8) increased the BP from 10.5 to 15mmHg in
a period of 7 weeks, but BP in the normotensive group
(group 9) remained unchanged during this time (Fig. 3).
Also, the data showed that BP was decreased in the spir-
nolactone (group 6) and hexanic celery seed extract groups
(groups 1, 2, and 3), in comparison with negative control

groups, in hypertensive rats. At the end of week 7, the
BP values in group 3 (300mg/kg hexanic extract) and 6
(50mg/kg spirnolactone) were 112 and 97mmHg, respec-
tively. After stopping the treatment, the BP increased to 125
and 134mmHg, in group 3 and 6 at the end of week 9. As
shown in Figure 4, the antihypertensive effect of hexanic
extracts was significantly higher than methanolic and
aqueous-ethanolic extracts of celery seeds in rats.
Administration of DOCA in negative control groups

(groups 7 and 8) decreased the HR from 350 to 260 beats per
minute (BPM) in a period of 7 weeks, while the HR in the
normotensive group (group 9) remained unchanged (Fig. 5).
Also, the data showed that spirnolactone (group 6) and
hexanic celery seed extract groups (groups 1, 2, and 3) ex-
perienced an increased HR, in comparison with negative
control groups, in hypertensive rats. At the end of week 7,
the HR values in group 3 (300mg/kg hexanic extract) and 6
(50mg/kg spirnolactone) were 330 and 380 BPM, respec-
tively. After stopping the treatment, the HR changed to 310
and 290 BPM, in group 3 and 6 at the end of week 9. As

FIG. 2. Chromatograms of a standard methanolic solution of NBP (1lg/mL) (a), hexanic extract (100lg/mL) (b), methanolic extract (100lg/
mL) (c), and aqueous-ethanolic extract (100lg/mL) (d) of celery seeds.
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shown in Figure 6, the effect of hexanic extracts on HR was
significantly greater than those of methanolic and aqueous-
ethanolic celery seed extracts.

DISCUSSION

All extracts of celery seeds reduced the BP and increased
the HR in hypertensive rats. Also, the extracts had no effect
on BP and HR in normotensive groups. Persistence of the

antihypertensive effect, after stopping the treatment, was
also significantly greater in group 3 (received 300mg/kg
hexanic extract) in comparison with the spironolactone ad-
ministration group, possibly due to a lower elimination.
NBP is one of the active constituents in celery.24–26 Some
researchers have reported antihypertensive effects of some

FIG. 3. Decrease in blood pressure (BP) in response to various
doses of hexanic extracts in normotensive and hypertensive rats.
Negative control groups received vehicle (saline or paraffin). Statis-
tical analysis showed a significant difference between all treatment
groups (hexanic extracts and spirnolactone) and negative control
groups. **P < .01, ***P< .001.

FIG. 4. Decrease in BP in response to 300mg/kg dose of hexanic,
methanolic, and aqueous-ethanolic extracts in hypertensive rats.
Negative control group received vehicle (saline or paraffin). Statis-
tical analysis showed a significant difference between all treatment
groups (hexanic, methanolic, and aqueous-ethanolic extract) and
negative control groups. **P < .01, ***P < .001.

FIG. 5. Increase in the heart rate (HR) in response to various doses
of hexanic extracts in normotensive and hypertensive rats. Negative
control group received vehicle (saline or paraffin). Statistical analysis
showed a significant difference between 300mg/kg dose of hexanic
extracts and 50mg/kg dose of spironolactone in hypertensive rats
compared to the negative control group. ***P < .001.

FIG. 6. Increase in the HR in response to 300mg/kg dose of
hexanic, methanolic, and aqueous-ethanolic extracts in hypertensive
rats. Negative control group received vehicle (saline or paraffin).
Statistical analysis showed a significant difference between all
treatment groups (hexanic, methanolic, and aqueous-ethanolic ex-
tracts) and negative control groups. **P< .01, ***P< .001.
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other herbs, for example, Solanaceae, in which NBP is one
of the main fractions.27 It is an oily and colorless compound
in celery. The solubility of NBP in nonpolar solvents is
significantly higher than in aqueous or polar media.23 Based
on HPLC analysis, the amount of NBP in hexanic extracts is
3.7 and 4 times greater than in methanolic and aqueous-
ethanolic extracts, respectively. It can be suggested that the
amounts of other hydrophobic active compounds in hexanic
extracts are also higher than in the other extracts, and that
the oily fraction of the celery seed plays an important role in
antihypertensive effects of this herb, and not just NBP. The
hypotensive effects of two other extracts could be due to the
presence of other active polar or hydrophilic compounds
with higher solubility in aqueous media. Other constitutes of
celery seeds are falcariondiol, bergapten, oplopandiol, trans-
cinnamic acid, caffeoylquinic acid, benzolic acid, and
minerals.28 In addition to NBP, some of these compounds
may be involved in its hypotensive activity. Some studies
have reported that NBP has a diuretic effect in rats.29,30 The
urine volume of rats in group 3 (receiving 300mg/kg
hexanic extract) was significantly greater than other extract
groups (methanolic and aqueous-ethanolic groups) and the
spirnolactone-positive control group, as the animal cage in
group 3 (300mg/kg) was usually wet, compared to other
groups (data was not shown). Thus, its diuretic effect could
be one of the possible antihypertensive mechanisms of
celery seeds. Also, chronic administration of extracts sig-
nificantly increased the HR in the extract groups, whereas
the HR was decreased in negative control groups due to
elevation of BP. In fact, if the BP falls, the baroreceptor
firing rate decreases and baroreceptor reflexes act to help
restore the BP by increasing the HR. Thus, the vasodilatory
effect of components in celery extracts maybe involved in
hypotensive and HR-elevating effects of this herb. The
safety of drug administration should be always considered
in all therapeutic interventions. According to the previous
researches, no toxicity has been reported in the adminis-
tration of different doses of celery seeds. In a study by
Powanda et al. (2010), no toxicity was seen after 28 days
administration of 150 and 5000mg/kg per day of celery
seeds.31 Also, Al-Howiriny et al. did not observe any toxic
symptoms or mortality in IP administration of doses 250
and 500mg/kg per day.32 Therefore, the present work
provides evidence of a hypotensive effect of celery seeds,
which appears to be attributable to the action of some
hydrophobic constituents, for example, NBP in this plant.
However, more studies should be done to clarify the
mechanisms of this effect.
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