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Background and objective: Curcumin exhibits car-

diovascular protective effects regarding to its antioxidant
and anti-inflammatory effects. This study hypothesized
that curcumin would modulate vascular responses to
sympathetic nerve stimulation in normotensive and
hypertensive rats.

Methods: Male Sprague-Dawley rats (200-225 g) were
induced hypertension by administering N®-nitro-L-arginin
e methyl ester (L-NAME) (40 mg/kg/day, 3 weeks) in
drinking water while normotensive rats were given
distilled water. Mesenteric vascular beds from both
normotensive and hypertensive rats were isolated.
Chemical removal of vascular endothelium by sodium
deoxycholate was performed and preparations were
pretreated with capsaisin (0.1 LLM), to deplete sensory
neurotransmitters. Contractile responses to electrical field
stimulation (EFS 5-40 Hz, 90V, 1 ms for 30s, at 5-min
intervals) and exogenous noradrenaline (NA) (1 Amol-
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1 mmol) or phenylephrine (PE) (1 Amol-1 mmol) were

examined in the presence of curcumin (10° M).

Results: Hypertensive rats showed high systolic blood

pressure compared to normotensive rats (178%5 vs.
12122 mmHg, p<0.001). Curcumin significantly
attenuated sympathetic nerve mediated-responses
(p<0.05, n=6,) and contractile responses to exogenous
NA and PE in all preparations (p<0.05).

Conclusions: Curcumin exhibits an inhibitory effect on

sympathetic neurogenic vasoconstrictor responses in
normotensive and hypertensive rat mesenteric vascular
beds. This inhibitory effect is likely to involve the
postjunctional site inhibition.

Key Words: curcumin, sympathetic nerve stimulation,
mesenteric vascular beds
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Introduction

Vascular diameter is influenced by a number of
factors including vasodilator metabolites, circulating
hormones, mediators released by the vascular
endothelium and neurotransmitters released from
sympathetic and sensory nerves. Noradrenaline (NA) is
the principal sympathetic neurotransmitter released from
synaptic vesicles of the sympathetic varicosity during
nerve stimulation’. NA diffuses across the synaptic cleft
and binds to 061-adrenoceptors to produce vasoconstric-
tion*>. In addition, sensory nerve fibers also innervate
some blood vessels generally releasing neuropeptides
(Calcitonin gene-related peptide, CGRP) that cause
vasorelaxation®.

Curcumin is a major active compound derived from
the spice turmeric® and used as an alternative medicinal
agent. The beneficial effects of curcumin including,
wound healing®, antioxidant and antiinflammatory’ have
been reported. Furthermore, curcumin and its derivative
also exhibit a cardiovascular protective effect in L-NAME
hypertensive rats. For example, curcumin partially
prevents the development of hypertension induced by
chronic L-NAME administration relating to its vascular
remodeling effects®. Nakmareong and coworkers found
the antihypertensive and antioxidant effects of curcumin
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and tetrahydrocurcumin in L-NAME hypertensive rats’.
Nevertheless, little is known with regarding to the effect
of curcumin on perivascular nerves mediated responses
in normal and hypertensive rats. The aim of this study
was to examine whether curcumin could modulate
vascular responses to sympathetic nerve stimulation in
normotensive and L-NAME induced hypertensive rats.

Materials & methods

Animals

Male Sprague-Dawley rats (220-225 g) were
obtained from the Animal Care Unit of the Faculty of
Medicine, Khon Kaen University (Khon Kaen, Thailand).
All animals were maintained in a temperature controlled
room at 24°C with a 12-hour dark/light cycle. The animals
were given free access to standard chow diet (Chareon
Pokapan Co. Ltd., Thailand) and distilled water (DW)
or L-NAME (40 mg/kg/day) in drinking water. All animal
procedures were reviewed and approved by the Institutional
Animal Ethics Committee of Khon Kaen University
(AEKKU 20/2551).
Induction of L-NAME hypertension

Rats were induced hypertension by administering
L-NAME (50 mg/kg/day) in drinking water for 3 weeks
while control rats received DW'™. Rats with systolic blood
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pressure (SBP) higher than 160 mmHg (tail cuff
measurement) were considered to be hypertension.
Mesenteric vascular bed preparations

After 3 weeks of treatment, rats were anesthetized
with sodium pentobarbital (60 mg/kg i.p.) followed by
exsanguination. The abdominal cavity was opened and
the main branch of the superior mesenteric artery was
identified, cleaned of connective tissue and cannulated
with a blunted hypodermic needle (no.21). The superior
mesenteric vein was cut and preparations were flushed
gently with Kreb’s solution (0.5 ml)". Briefly, the mesenteric
vascular bed was separated from the gut by carefully
cutting close to the intestinal wall. The mesenteric bed
preparation was placed on a stainless steel grid (7x5
cm) in a warm humid chamber (37°C) and perfused at a
constant flow rate of 5 ml/min, using a peristaltic pump
(07534-04, Cole-Palmer Instrument, lllinois, USA.).
Kreb’solution is composed of the following (mM): NaCl
118, NaHCO3 25, KCI 4.8, KH2P04 1.2, MgSO4.7H20
1.2, CaCI2 1.25 and glucose 11.1. The solution was
maintained at 37 °C and continually gassed with a 95%
02 and 5% CO2 gas mixture. Mesenteric vascular
responses were detected as changes in perfusion pressure
(mmHg). Mean perfusion pressure was monitored using
a pressure transducer and the data recorded using
BIOPAC System (Inc., California, USA.). The preparation
was allowed to equilibrate for 30 min before experimen-
tation.
Chemical denuation of vascular endothelium

The vascular endothelium was chemically removed
using sodium deoxycholate (SD) 1.8 mg/ml in saline for
30 s™. SD produces a transient increase in perfusion
pressure (20-30 mmHg). The preparation was maintained
by a 30 min washout period. After chemical removal of
vascular endothelium, preparations were pretreated with
capsaisin (10-7 M) for 20 minutes, followed by a 15 minutes
washout period, to deplete sensory neurotransmitters and
to desensitize vanilloid receptors®. A bolus injection of
acetylcholine (ACh) (1 nmol) through rubber tubing
proximal to the tissue to confirm the endothelial
functions was also performed. Acetylcholine produces
vasodilation by activation of nitric oxide production from
endothelial cells.
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Experimental protocols

Effects of curcumin on contractile responses to
sympathetic nerve stimulation in mesenteric vascular
beds isolated from normal and L-NAME induced
hypertensive rats

Contractile responses to electrical field stimulation
(EFS 5-40 Hz, 90V, 1 ms for 30s, at 5-min intervals)
were performed. A second frequency response curve
was generated after a further 30 minutes and served as
a time control. In a further two groups of experiment,
contractile responses to EFS (5-40 Hz, 90V, 1 ms for
30s, at 5-min intervals) were recorded in the presence
of curcumin (0.1 JUM) after obtaining an initial control
frequency response curve.

Effects of curcumin on contractile response to
exogenous a, adrenergic receptor agonists in mesenteric
vascular beds isolated from normal and L-NAME induced
hypertensive rats

After capsaicin pretreatment, dose-response curves
(in 3-fold increments) were generated to either
noradrenaline (1 mol-1 mmol) or phenylephrine, a
selective OL1 -adrenergic receptor agonist (1 Amol-1
mmol), under baseline perfusion conditions.

Statistical analysis

Data are presented as mean = S.E.M. Statistical
comparisons between concentration curves were made
using two-way analysis of variance (ANOVA) with a
Duncan’ s multiple range post hoc test. Other
comparisons were made using unpaired t-test. A value
of p<0.05 was taken to indicate statistical significance.

Results

L-NAME induced-hypertensive rats showed higher
SBP compared to normotensive rats (178%5 vs. 12112
mmHg, p<0.001, n=12, unpaired t-test). Perfusion
pressure of hypertensive preparations was significantly
higher than that of normotensive preparations (3712 vs.
2612 mmHg, p<0.05, n=12, unpaired t-test).

Effect of curcumin on nerve mediated vasoconstriction

Electrical field stimulation produced an increase in
perfusion pressure that was frequency-dependent. Two
consecutive frequency response curves to electrical field
stimulation were reproducible (time control). Curcumin
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significantly attenuated contractile responses to
sympathetic nerve stimulation in the perfused mesenteric
vascular beds of both normal and L-NAME induced
hypertensive rats (Figure 1A and 1B)

Effect of curcumin on contractile responses to
exogenous noradrenaline and phenylephrine in the
mesenteric vascular bed of normal and L-NAME
hypertensive rats.

Dose-dependent pressor responses to exogenous
noradrenaline and phenylephrine were not affected by
time (time control). Curcumin significantly reduced
contractile responses to exogenous noradrenaline or
phenylephrine in the mesenteric vascular bed of normal
preparations (figure 2A and 2B). This inhibitory action
of curcumin was also found in hypertensive rat prepara-

tions (figure 3A and 3B).
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Discussion

The main findings of this study are that vasocon-
striction response to sympathetic nerve stimulation was
attenuated by curcumin in the rat perfused mesenteric
vascular bed from both normal and hypertensive rats.
In addition, dose-dependent pressor responses to NA
and phenylephrine were significantly decreased in the
presence of curcumin in all preparations. The mechanism
whereby curcumin inhibited vasoconstriction induced by
sympathetic nerve stimulation is unknown. However,
curcumin should affect at the postsynaptic sites.

We have shown that curcumin exhibits an inhibitory
effect on sympathetic neurogenic vasoconstrictor
responses in normotensive and hypertensive rat
mesenteric vascular beds. The decrease in nerve-mediated
vasoconstriction may involve a decrease NA release by
a prejunctional mechanism or postjuctional inhibition™.
To prove the mechanism(s) where curcumin be active
to decrease nerve-mediated vasoconstriction, we found
the inhibitory effect of curcumin on exogenous norad-
renaline and phenylephrine-induced vasoconstriction.
This latter observation could indicate that the
sympathoinhibitory effect of curcumin was mediated by

ATUATUNTYENT 2557;29 (3) ¢ Srinagarind Med J 2014; 29 (9)

the postjunctional site. There is evidence to support the
direct effect of curcumin that it mediated vasodilation
and vasoconstriction on peripheral arteriole via adrenergic
receptors ' since the molecular structure of curcumin is
similar to noradrenaline, and Ol-adrenergic or B—
adrenergic agonists and antagonists . This inhibitory
action of curcumin could not involve CGRP-nergic nerve
and endothelium-dependent vasorelaxation, because
capsaicin pre-treatment to deplete sensory nerve
neurotransmitters® and endothelium removal™ were
performed in this study.

In conclusions, curcumin inhibits vascular responses
to the sympathetic nerve stimulation in the rat perfused
mesenteric vascular bed isolated from normal and
hypertensive rats. The simplest explanation for this
change is that curcumin may not have direct effect on
the availability of NA. This inhibitory effect is likely to
involve the postjunctional site inhibition.
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