Hellenic J Cardiol 47: 144-149, 2006

Original Research
Central Plasmid Antisense Administration Reduces
Blood Pressure Inhibiting ·2B Adrenoceptor Gene
Expression in Spontaneously Hypertensive Rats
In Vivo
HELEN TRIANTAFYLLIDI, EKATERINA KINTSURASHVILI, CONRADO JOHNS, IRENE GAVRAS,
HARALAMBOS GAVRAS
Hypertension and Atherosclerosis Section, Department of Medicine, Boston University School of Medicine, Boston,
Massachusetts, USA

Key words:
Hypertension,
spontaneously
hypertensive rats, ·2
adrenoceptors,
antisense
technology.

Manuscript received:
October 25, 2005;
Accepted:
February 27, 2006.

Address:
Helen Triantafyllidi
2nd Department of
Cardiology, Medical
School
University of Athens,
Attikon Hospital
129 Kifisias Ave
115 25 Athens, Greece
e-mail:
seliani@hotmail.com

Introduction: The involvement of central ·2B adrenoceptors (AR) in the maintenance of hypertension has
been proven by a series of previous experiments, at least in a particular model of nephrogenic salt-induced
hypertension. The aim of the present study was to investigate further the role of central ·2B AR in hypertension
by applying antisense technology in another experimental model, the spontaneously hypertensive rat (SHR).
Methods: Plasmid antisense DNA against the ·2B gene was given by intracerebroventricular injection to saltfed SHRs, while a control group received plasmid alone.
Results: There was a significant fall in blood pressure, by an average of 31 ± 12 mmHg, within the first
twenty hours after injection in the antisense group. On the first post-injection day the blood pressure fell from
204 ± 5.3 mmHg to 176.8 ± 2.9 mmHg (p=0.02). However, no significant changes in blood pressure
were noticed in the plasmid group. Body-weight in both groups remained stable during the experiment. A
study of frozen brain sections of SHRs after antisense DNA injection suggested that the nucleus tractus solitarii was one of the expression sites, while there was no histological evidence of tissue disruption.
Conclusion: Central injection of antisense DNA targeting ·2B mRNA in the genetic model of hypertension of
the SHR seems to have a significant hypotensive effect, at least on the first day of injection. The nucleus
tractus solitarii seems to be the primary area of action of central ·2B AR in SHRs.

H

ypertension has been characterized as a major risk factor in many
cardiovascular pathophysiological
states, such as arteriosclerosis, stroke, coronary artery disease, heart failure, peripheral
arterial disease and renal failure. The sympathetic nervous system and its adrenergic
central and peripheral receptors play a significant pathogenic role in the development
and maintenance of hypertension. Although
the stimulation of ·1 adrenoceptors increases blood pressure, stimulating ·2 receptors
may lead to either a hypertensive or an opposite hypotensive result, inhibiting normal norepinephrine release from neural synapses.1

144 ñ HJC (Hellenic Journal of Cardiology)

The ·2 adrenoceptors (AR) are divided
into three subtypes, ·2A, ·2B and ·2C. The
role of ·2B AR in hypertension has been
mostly clarified. However, our previous
studies in genetically engineered mice have
suggested that the central · 2A AR is the
predominant subtype. Since subtotal nephrectomized mice lacking a full compliment of ·2B AR gene are unable to raise
their blood pressure in response to chronic
salt loading, the salt-induced hypertension
in mice is mediated primarily by central ·2B
receptors.2-4
Spontaneously hypertensive rats are a
genetic model of hypertension that has been
widely used in research. An interesting fea-
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ture of these animals is that they manifest much of the
pathology normally seen in human hypertension.5-6
Since hypertension is a lifelong disorder and its
treatment includes major limitations, such as poor
compliance, side effects and short duration, novel therapeutic strategies must be explored. Gene therapy based
on the over-expression or inhibition of specific genes is
a new approach to hypertension treatment. Specificity
and longer-lasting effects give gene therapy an attractive advantage over conventional drug treatment. Antisense strategy, through a number of mechanisms, offers the exciting possibility of inhibiting the expression
of a particular gene without any changes in the functions of other genes.7 As a result, only the expression of
the target proteins is down-regulated. It is believed that
a genetic approach to hypertension therapy, using sense
or antisense technology, will be the treatment of choice
in the future.8
Previous hypertension studies in our laboratory, using antisense oligodeoxynucleotide technology against
rat ·2B mRNA in the central nervous system, in salt-induced hypertension, presented hypotensive results for
several hours.9 Moreover, after central injection of antisense DNA delivered via plasmid vector, we managed
to reduce salt-induced hypertension for several days.10
Both the above findings are indicative of the significant
role of a fully functioning central ·2B AR in salt-induced hypertension as well as of the potential of gene
therapy treatment.
In order to investigate further the role of central
·2B AR in hypertension, we administered intracerebroventricular plasmid antisense against ·2B AR, using another experimental model of hypertension, the
spontaneously hypertensive rat.
Material and methods
The construction and production of the plasmid as well
as the in vivo transfection efficiency of pAd-TrackCMV-·2B-AR-antisense in NG108-15 cells through inhibition of protein expression have already been described in previous studies.9
Experimental model
Seventeen male spontaneously hypertensive rats, 1119 weeks old and weighing 245-325 g, were used in
these experiments, which were conducted in accordance with the guidelines for the Care and Use of
Animals approved by the Boston University Medical
Center.

Under general anesthesia with pentobarbital (50
mg/kg intraperitoneally), a PA-C40 radio-telemetry
blood pressure transmitter probe (Data Sciences International, St. Paul, MN) was implanted in the aorta
of each rat. One centimeter of the distal end of the
catheter (0.7 mm diameter) was inserted upstream into
the abdominal aorta above the bifurcation and fixed in
position by placing two drops of medical-grade tissue
adhesive and a 2 mm2 cellulose fiber patch at the vessel
entry site. The body of the transmitter was sutured to
the abdominal wall. The same day a 24 gauge guide
cannula (Plastic One, Roanoke, VA) was implanted
stereotaxically into the left lateral ventricle of the brain,
according to the following coordinates: 0.8 mm posterior of bregma, 1.3 mm lateral to the midline and 3.5
mm below the skull surface. The cannula was anchored
to the skull with 3 screws and cranioplastic cement.
Five to seven days later the animals were fully recovered, baseline blood pressure and heart rate measurements were taken for three days and finally the rats
were placed on an 8% NaCl diet for a period of three
weeks. Data were stored using a computer-based radiotelemetry transmitter/receiver system (Data Sciences
International, St. Paul, MN). The radiotelemetry system allows rats to be studied in regular cages without
anesthesia or restraints that could influence blood pressure or heart rate results.
Intracerebroventricular delivery of plasmid DNA
On the day of either antisense-plasmid or plasmid injection, a 31-gauge inner cannula (Plastic One, Roanoke, VA) was lowered into the guide cannula, projecting one mm below the end (4.5 mm) and attached
to a Harvard infusion pump (model PHD 2000, Harvard Apparatus, Holliston, MA). Injections were made
with a 25 Ìl Hamilton syringe.
We injected 500 Ìg of pAd-Track-CMV-·2B-ARantisense in eight spontaneously hypertensive rats
(AS group, n=8) or pAd-Track-CMV in nine animals
(PL group, n=9) in 20 Ìl of 150 mmol/l sodium phosphate buffer at the rate of 0.125 Ìl/min for over 2 hours.
During this procedure the rats were anesthetized and
moving freely in their cage.
Blood pressure and heart rate were continuously measured for 30-second periods at 2-minute intervals for the entire 7-day experimental period. At
the end of each experiment the location of the cannula within the lateral ventricle and the integrity of
the surrounding tissues were confirmed histologically.
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Expression of green fluorescein protein after
intracerebroventricular injection of antisense
At the end of the experiment three rats were additionally infused with 500Ìg of pAd-Track-CMV-·2B-ARantisense over a 2-2.5h period in the left lateral brain
ventricle. After 72h the animals were anesthetized and
euthanized. Frozen brains were cryostat-sectioned into
30 Ìm thick sections. Distribution of green fluorescein
protein (GFP) in the brain was ascertained by viewing
with a fluorescein microscope.
Statistical analysis
Data are presented as mean ± SEM. Differences within and between groups were calculated using the paired
and unpaired Student t-test, respectively. Differences at
p<0.05 were considered significant.
Results
Spontaneously hypertensive rats are genetically hypertensive animals that develop hypertension in adult life.
Indeed, our rats presented elevated values of systolic
blood pressure at the beginning of the experiment,
which were further augmented after salt loading (AS
group, baseline 168.7 ± 5.3 mmHg vs. salt loading 203.7
± 9 mmHg, p<0.01 and PL group, baseline 164 ± 3.9
mmHg vs. salt loading 195.1 ± 6 mmHg, p=0.001)
(Figure 1).

After intracerebroventricular injection, all animals were monitored for seven days with respect to
systolic blood pressure along with the heart rate. The
AS group revealed a significant fall in blood pressure
by an average of 31 ± 12 mmHg within the first twenty
hours after injection. The level of blood pressure for the
next three days post-injection was 176.8 ± 2.9 mmHg
(p=0.02), 189.7 ± 2.9 mmHg (p: NS) and 197.3 ± 4.8
mm Hg (p: NS) on days 1, 2 and 3, respectively. Subsequently, the blood pressure tended to recover gradually, reaching the pre-injection levels by the fourth
day (206.1 ± 7.3 mmHg), while it was further but not
significantly increased by the seventh day (215.1 ± 9.9
mmHg).
In contrast, the PL group showed a non-significant fall in blood pressure during the first three days
post-injection, which turned to a gradual non-significant increase by the fourth day.
A non-significant increase in heart rate, observed in
the AS group on the first day post-injection, was fully
restored during the second day. However, in the PL
group, heart rate increased from 313 ± 5.8 bpm measured on the injection day to 342.2 ± 5.4 bpm during
the first day post-injection (p<0.01) and then returned
to pre-injection levels.
Regarding body weight, both groups of animals
presented a slight non-significant decrease, which remained stable during the experiment. Neither group
of animals had any evidence of neurotoxicity.

Figure 1. Blood pressure (BP) effect of intracerebroventricular delivery of antisense (AS) or plasmid (P) against ·2B gene in salt-fed spontaneously hypertensive rats. Systolic BP was elevated before the experiment and increased significantly during the next three weeks of dietary salt loading. The AS injection produced an immediate fall in BP, maximal at 20 h, which returned gradually to pre-injection levels
during the 7 following days of observation. The plasmid group revealed no significant changes but a gradual continuing rise of BP over this
period. *p <0.05 versus pre-injection BP levels.
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After studying frozen brain sections of spontaneously hypertensive rats as for GFP expression after
intracerebroventricular injection of antisense plasmid
DNA, we concluded that the expression was clustered
in isolated regions rather than being uniformly distributed throughout the brain section. This indicates
that the uptake of the antisense plasmid DNA by the
brain may be limited to regions that are accessible to
direct intracerebroventricular injection. Fluorescent
signal was detected in the brain areas adjacent to the
third and fourth cerebral ventricles. The highest concentrations of the fluorescent signal were noted in the
nucleus tractus solitarii.
Discussion
Adrenergic receptors, and subtypes, ·2A, ·2B, and ·2C
in particular, appear to participate in blood pressure
homeostasis by acting through the sympathetic nervous system. Through a sympathoexcitatory response
·2B adrenergic receptors are involved in the central
regulation of vascular tone.14
Reviewing a series of experiments conducted in genetically engineered mice, we concluded that subtotally
nephrectomized mice, lacking the ·2B gene and subjected to chronic dietary salt-loading, presented a diminished hypertensive response compared to animals with
·2A or ·2C gene knockout.3,15-20
Recently, using antisense technology in our laboratory, we suggested that translational inhibition of the
central ·2B gene by antisense oligodeoxynucleotides
(AS-ODNs) led to prevention of the expected blood
pressure rise in an experimental model of salt-induced
hypertension. 9 Subsequently, when instead of ASODNs we used antisense DNA delivered via plasmid
vector in order to inhibit the translation of the ·2B gene
in the central nervous system, we managed to partly reverse salt-induced hypertension for several days.10
The involvement of central ·2B AR in the maintenance of hypertension has been proven by that series of
experiments, at least in a particular model of nephrogenic salt-induced hypertension.21 Hypertensive animal
models are essential in the process of development of
new practical therapeutic methods based on gene transfer. Spontaneously hypertensive rats have been used in
several previous studies where sense or antisense technology has been applied. Since essential hypertension
appears to be a polygenic disease, several genes are
likely to be involved in the genetic determination of
blood pressure. While conventional therapy requires
daily drug administration, gene therapy delivered by vi-

ral vectors, plasmid or naked DNA seems to have a
long-lasting effect.22
The current study was designed to investigate the
antihypertensive role of central inhibition of the ·2B
gene in another model of hypertension, the spontaneously hypertensive rat, using antisense technology.
For this purpose, a plasmid vector was chosen as a vehicle for antisense DNA, also containing a strong cytomegalovirus promoter for gene expression.
Gene therapy offers the possibility of producing
long-lasting effects with precise specificity from the genetic design. We are currently using two strategies: ASODNs and antisense DNA delivered in viral vectors
against genes with vasoconstrictive properties.23-25 Antisense technology offers the possibility of inhibiting the
expression of a particular gene, through mRNA production, without any changes in the functions of other
genes.26 Clinical trials using antisense in targeting AIDS,
cancer and other genetic and acquired diseases indicate
their potential clinical usefulness.27
One of the major challenges for a gene therapy
approach to hypertension is the problem of delivery.
Plasmids seem to be effective and safe vectors, as they
do not integrate into the genome. As for their preparation, they are simple to make and use and they are
not subject to a package limit since they do not require
the more complex packaging needed for recombinant
adeno-associated virus. Their effect lasts for a shorter
time compared with viral vectors, producing blood
pressure reduction lasting about one week.28-29 Viral
vectors used for gene delivery, although more effective, may have an opportunity for chromosomal insertion and therefore chromosomal breakage or carcinogenesis.22 Therefore, delivery of viral vectors needs
more engineering to ensure safety, but one day they
may be used for the long-term control of blood pressure. Until then AS-ODNs will probably be developed
first, because they can be treated as drugs for the treatment of hypertension with long-term effects.23-25
In our study, we chose the vector pAdTrak-CMV,
which is used for production of GFP-trackable adenoviruses containing transgenes under the control of a
strong promoter.12 The same vector was chosen when
we managed to significantly reduce blood pressure in
subtotally nephrectomized, salt-fed rats with antisense
plasmid DNA against the ·2B gene, following significant decrease of ·2B protein levels in vitro and in vivo,
as previously described.10
Previous results of gene therapy for hypertension
in spontaneously hypertensive rats have demonstrated sustained reduction and slowing of hypertension de(Hellenic Journal of Cardiology) HJC ñ 147
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velopment, as well as of left ventricular hypertrophy,
with a single dose administration of antisense DNA
against the angiotensinogen or AT1R gene. Recently,
B1 receptors, calcium receptors and other components
of the renin angiotensin system, along with the kallikrein
gene, have been used as targets of either antisense or
sense gene therapy.25 Indeed, direct gene delivery of human tissue kallikrein caused a sustained reduction in
systolic blood pressure in spontaneously hypertensive
rats, lasting for six weeks.22 Administration of ‚1-ASODN in spontaneously hypertensive rats resulted in a
profound and prolonged reduction in blood pressure for
about three weeks without affecting heart rate.27
However, remarkable results were obtained when
the renin angiotensin system was the target of gene
therapy. The blood pressure reduction produced by systemic delivery of either AS-ODN or antisense DNA
against the angiotensinogen gene in spontaneously hypertensive rats was sustained for a period from a few
days to one week. When cationic liposomes were used
the antihypertensive result was enhanced.28,30 Virally
mediated intracardiac gene delivery of antisense DNA
against the angiotensin II type 1 receptor gene in spontaneously hypertensive rats resulted in a significant
blood pressure reduction, maintained for up to 36 days,
as well as reversed renovascular pathophysiology.31
When antisense DNA against angiotensin converting
enzyme was administered in spontaneously hypertensive rats, an attenuation of high blood pressure was observed, associated with the prevention of cardiac and
renovascular pathophysiological alterations.32
In our experiment, adult, salt-fed, spontaneously
hypertensive rats were given a single intracerebroventricular injection of plasmid antisense DNA against
the ·2B gene. We were able to analyze the changes in
blood pressure and heart rate in the conscious state,
since anesthesia is known to influence cardiovascular
parameters. We noticed a significant reduction in blood
pressure by an average of up to 31 mmHg during the
first twenty hours after injection. Subsequently, blood
pressure remained significantly lower only the first
post-injection day, while it then increased gradually
and reached the pre-injection levels by the fourth day.
Since no significant changes in blood pressure were
noted when just plasmid DNA was injected, the specificity of the antihypertensive result of central administration of plasmid antisense DNA against the ·2B
gene was proven. Additionally, GFP expression in areas adjacent to the cerebral ventricles, such as the nucleus tractus solitarii, indicates that plasmid DNA was
taken up by those tissues. The nucleus tractus solitarii
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is known to be one of the sites of termination of primary afferent fibers from many cardiovascular receptors, such as ·2B AR.33
An interesting phenomenon was noticed in the
plasmid group (control group) in terms of heart rate,
which showed a significant increase only on the first
post-injection day. Since no heart rate changes were observed in the plasmid antisense DNA group, we should
consider that the experimental procedure itself might
lead to a short duration reflex tachycardia through the
sympathetic nervous system. This tachycardia was apparent only in the plasmid group, since antisense DNA
injection resulted in sympathetic nervous system suppression through central ·2B AR.
No visual adverse effects of plasmid DNA delivery were noticed in our experiment, as judged by body
weight, water or food intake, or any behavioral observations of the animals.
Our study confirms once again that ·2B AR play a
significant role in the maintenance of hypertension, at
least in the experimental model of salt-fed spontaneously hypertensive rats. Furthermore, the short reversal of severe hypertension in this model, taken together with our previous results where blood pressure
remained significantly lower for a week,10 leads us to
believe that the primary role of ·2B AR is related to saltinduced hypertension.
Our results should be added to those regarding
gene therapy and its future application in human hypertension. However, previous studies have shown that angiotensin converting enzyme antisense administration
in spontaneously hypertensive rats was integrated into
the genome and transmitted to the offspring.32 Since
the antihypertensive effect of gene therapy may not be
appropriate in certain circumstances, such as risk of adverse effects, surgical procedures or pregnancy, the development of a regulated expression system on demand
is necessary in order to modulate or turn off the expression of antisense, at least for a period of time. Those
components of gene therapy should be resolved before
the administration of the new therapeutic technology in
human hypertension.
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