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Aim: The present work was designed to investigate the relationship between
hypertension; Lyon hypertensive rats

hemodynamic parameters and the susceptibility of ventricular arrhythmia to
aconitinein conscious Lyon hypertensiverats (LH). M ethods: Male LH and Lyon
low blood pressurerats (LL) were used. After the determination of baroreflex
sensitivity (BRS), ventricular arrhythmia was induced by aconitine infusion in
consciousrats. Blood pressure (BP) was recorded during the period of infusion.
Results: Compared with the LL rats, the LH rats possessed significantly higher
BP, blood pressure variability and lower BRS. Thethreshold of aconitinerequired
for ventricular fibrillation and cardiac arrest in the LH rats were significantly lower
than thosein the LL rats. It was found that all the hemodynamic parameters
studied were not correlated with the threshold of aconitinerequired for arrhythmia,
with the exception of BRS, which was positively related to the threshold of
aconitine required for ventricular prematurebeat. Conclusion: TheLH rats pos-
sessed greater susceptibility to aconitine-induced ventricular arrhythmias when
comparedtothe LL rats. Thisgreater susceptibility could not be attributed to any
one of the hemodynamic parameters alone studied in the LH rats. It is proposed
that various hypertension-associated abnormalities, including the abnormal
hemodynamics, may co-contribute to this vulnerability to ventricular arrhythmias.
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Introduction

Clinical reports have shown that arterial hypertension
is correlated with a high risk of sudden cardiac death dueto
fatal ventricular arrhythmias™. However, few experimental
studies were performed regarding the relati onship between
hypertension and the risk of ventricular arrhythmias, thus
little information is available regarding the underlying
mechanisms.

Arteria baroreflex (ABR) isvery important in theregula-
tion of cardiovascular activities. It was found that ABR
function, expressed as baroreflex sengtivity (BRS), wasim-
paired in hypertension®¥. In our previous studies, it was
found that impaired ABR function, induced by anesthesia
and sinoaortic denervation, led to an increased susceptibil-
ity of ventricular arrhythmiato aconitine, and an intact ABR
function is necessary for preventing drug-induced ventricu-
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lar arrhythmias®. In addition, ABR function isan impor-
tant determinant of the magnitude of blood pressure (BP)
fluctuation, and a sound ABR function hel ps to maintain a
stable BP®. Therefore, it islogical to expect that the dys-
function of ABR and the abnormal hemodynamics may be
associated with the susceptibility of ventricular arrhythmia
to an arrhythmogenic agent in hypertensiverats. Aconitine
isahighly cardiotoxic agent which isknown to suppressthe
inactivation of voltage-dependent Na" channels by binding
to neurotoxin binding site 2 of the a-subunit of the channel
protein. Itiswiddy usedin animalsto produce experimental
arrhythmia, and plays an important rolein evaluating the
antiarrhythmic effects of new drugs”®. Accordingly, the
present work was designed to investigate the relationship
between BP, blood pressurevariability (BPV), BRS, and the
susceptibility of ventricular arrhythmiato aconitinein Lyon
hypertensive rats (LH). Considering the fact that the
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baroreflex function was largely inhibited by anesthesial®,
the present experiments were carried out in conscious
animals.

Materials and methods

Animals Male 20-week-old LH and Lyon low blood pres-
surerats (LL) were provided by the Animal Center at our
institute. All the rats were housed within controlled tem-
perature (23-25 °C) andlighting (8:00—20:001ight, 20:00-8:00
dark), and with food and tap water available ad libitum. All
the animal s used in thiswork received humane carein com-
pliance with ingtitutional animal care guideines.

BP measurement Systolic BP (SBP), diastolic BP (DBP)
and the heart period (HP) of the rats were continuously
recorded using the previously described technique™*2.
Briefly, the rats were anesthetized with a combination of
ketamine (40 mg/kg) and diazepam (6 mg/kg). A floating poly-
ethylene catheter wasinserted into thelower abdominal aorta
viatheleft femord artery for BP measurement, whileanother
catheter was placed into theleft femoral vein for intravenous
injection. The catheterswereexteriorized through theinter-
scapular skin. After a3d recovery period, the animalswere
placed in individual cylindrical cages containing food and
water for BPrecording. The aortic catheter was connected
to a BP transducer via a rotating swivel that allowed the
animalsto movefredy in the cage. After about 4 h habitua-
tion, the BP signal was digitized by a microcomputer. SBP,
DBP and HP val ues from every heartbeat were determined
online. The mean values and standard deviation of these
parametersduring aperiod of 4 h werecalculated. The stan-
dard deviation was defined as the quantitative parameter of
BPV, that is, systalic BPV (SBPV), diastolic BPV (DBPV),
and HP variability (HPV).

BRSmeasurement BRS was measured using the previ-
ously described method®**¥. Briefly, the principle of this
method isto measure the prolongation of HP in responseto
an elevation of BP. A bolusinjection of phenylephrine was
used to induce an elevation of SBP between 20-40 mmHg.
HP was plotted against SBP for linear regression analysis
and the slope of SBP-HP was expressed as BRS (ms/mmHg).

Arrhythmiainduced by aconitineinanesthetized LH As
described previously™, under anesthesia with a combina-
tion of ketamine (50 mg/kg) and diazepam (5 mg/kg), thecathe-
terswere inserted into the femoral artery and femoral vein
using aforementioned means. Four electrodes were fixed
subcutaneously at 4 extremitiesfor electrocardiogram (ECG)
recording. The aortic catheter and electrocardiogram elec-
trodes were connected to the computerized BP and ECG
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monitoring sysems. Aconitine (provided by E. Merck, AG
Darmstadt, Germany) was then infused viathe femoral vein
catheter with amicro-infusion pump at avelocity of 0.2 mL/
min (10 mg/mL in saline). BP and ECG were s multaneously
recorded during the period of aconitineinfusion until death
of theanima™*. Thetimewhen aconitinewas administered
and arrhythmias occurred was recorded. The threshold of
aconitine required for producing ventricular premature beat
(VPB), ventricular fibrillation (VF) and cardiac arrest (CA)
were determined according to thefollowing formula: thresh-
old (ug/kg) for VPB=10pug/mL x0.2 mL/minxtimerequired for
inducing VPB (min)/bodyweight (kg)=2 pg/minxtime(min)/
bodyweight (kg). The representative tracings of SBP and
ECG in theanesthetized LH ratsare shown in Figure 1.

Arrhythmiainduced by aconitinein consciousrats BP
was recorded with the techni que mentioned in the BP mea-
surement section. When BP was stable, aconitine was
infused viathe fermoral vein catheter with a micro-infusion
pump at a speed of 0.2 mL/min (10 pg/mL in saline) in cons-
cious, unrestrained rats>*. BP was monitored during the
entire period of aconitine infusion. The threshold of
aconitine required for producing cardiac VPB, VF, and CA
was determined using the same formula as for the anesthe-
tized rats. The characteristic of premature beat, ventricular
fibrillation and cardiac arrest obtained in blood pressuretrac-
ings of the conscious ratswas verified with that of electro-
cardiogramsin anaesthetized rats.

Statistical analysis Data are expressed as mean+SD.
Comparisons between groups were made by Student’s
t-test. The relationships between the threshold of aconitine
and hemodynamic parameters were analyzed by classic
univariate correlation analysis. P<0.05 was considered
statistically significant.

Results

Hemodynamic parameter sin consciousLL andLH rats
Compared with the LL rats, the LH rats possessed signi-
ficantly higher SBP(+34%, P<0.01), DBP(+37%, P<0.01), SBPV
(+42%, P<0.01) and DBPV (+35%, P<0.01) andlower BRS
(-38%, P<0.01). No obvious change was found in body
weight, HPand HPV between the LL and LH rats (Table 1).

Threshold of aconitinerequired for arrhythmiain con-
sciousLL and LH rats Compared with theLL rats, theLH
rats displayed a significantly lower threshold of aconitine
doserequired for VF (LH: 70.5+16 vsLL: 109.0+41.2 mg/kg;
P<0.01) and CA (LH: 92.0+13.9 vsLL: 132+40.4 mg/kg;
P<0.01). Thethreshold of aconitinerequired for ventricular
premature beat was not different between the LL and LH
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Table 1. Hemodynamic parameters of LL and LH rats in the con-
scious state. Mean+SD. °P<0.05, °P<0.01 vs LL.

LL LH
n 10 26

BW (g) 29039 295435
SBP (mmHg) 12845.4 172+8.82°
DBP (mmHg) 84+6.80 115+9.01°
HP (ms) 163+25.7 163+13.8
SBPV (mmHg) 6.04+1.70 8.56+1.57°
DBPV (mmHg) 5.10+1.49 6.87+1.64°
HPV (ms) 10.1+2.51 9.35+3.46
BRS (msg/mmHg) 0.554+0.281 0.345:+0.078"

groups(29.7+10.8 vs36.5+6.60 mg/kg; P>0.05) (Figurel).
Relationshipsbetween hemodynamicparameter sandthe
thr eshold of aconitinerequiredfor arrhythmiain conscious
LH rats Relationships between hemodynamic parameters
and the threshold of aconitine required for arrhythmiain
conscious LH ratsareshown in Table 2. It wasfound that all
hemodynamic parameters studied were not correlated with
the threshold of aconitinerequired for arrhythmia, with the
exception of BRS, which was positively rd ated to the thresh-
old of aconitinerequired for VPB (r=0.567, P<0.01). Some
examples of the correlations are shown in Figure 2.

Discussion

The present work demonstrated that the LH rats pos-
sessed significantly higher BP and BPV, lower BRS, and
greater susceptibility of ventricular arrhythmias to aconitine

Table 2. Correlation coefficients between hemodynamic parameters
and the threshold of aconitine required for arrhythmia in conscious
HR rats. n=26. °P<0.01.

SBP DBP SBPY DBPV HP HPV BRS
VPB -0.168 -0.117 0.059 -0.049 0.228 0.026 0.567¢
VF -0.188 -0.319 -0.236 -0.329 0.015 -0.272 0.307
CA -0.155 -0.146 -0.231 -0.387 0.108 -0.246 0.314
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Figure 2. Threshold of aconitine for arrhythmia in conscious LL
and LH rats. The numbers of rats used were 10 (LL) and 26 (LH).
MeanxSD. °P<0.01 vs LL. Mean+SD.

than theLL rats.

It iswell known that elevated BP contributes to awide
variety of complications associated with hypertension in-
cluding stroke, heart failure and renal failure. During the
early phase of such complications, end-organ damage, such

Figure 1. Representative
tracings of SBP and ECG
in anesthetized LH rats.
VPB: ventricular prema-
ture; VF: ventricular fibril-
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asleft ventricular hypertrophy and renal lesion are present.
Indeed, BPleve isamajor determinant for hypertens ve end-
organ damage. In addition, clinical studies demonstrated
that left ventricular hypertrophy in hypertensive subjects
was associated with an increased prevalence of ventricular
arrhythmias™®*®, Therefore, we specul ated that the devated
BP might contribute to the greater susceptibility of ventricu-
lar arrhythmias to aconitinein the LH rats. However, the
present work showed that the BP level was not correlated
with thethreshold of aconitinerequired for arrhythmiain the
LH rats. Thisresult indicated that the BP level was not an
independent determinant for ventricular arrhythmiaonsetin
theLH rats.

It was found that the LH rats possessed significantly
higher BPV when compared with the LL ratsin the present
work. Clinical observations suggest that BPV isrelated to
organ damage in hypertensive patients™™9. In animal
studies, organ damage induced by sinoaortic denervation
were related to the high BPV, but not tothe BPlevel™ . As
mentioned earlier, end-organ damage such asleft ventricular
hypertrophy in hypertensive subjects was associated with
an increased prevalence of ventricular arrhyth-mias™*,
Accordingly, therole of BPV in hypertension-rel ated abnor-
malitiesisimperativé?). However, inthe present work, BPV
was not correlated with the threshold of aconitine required
for arrhythmiain the LH rats. Therefore, BPV wasnot an
independent determinant associated with ventricular
arrhythmiasin the LH rats.

Arterial baroreflex dysfunction isanother characteristic
of hypertension. It has been well recognized that BRS is
impaired in hypertensive humans and animals?2. Accord-
ingly, we demonstrated that the LH ratshad lower BRS than
the LL rats. Previous studies suggest that BRS is an inde-
pendent variable related to end-organ damage in hyperten-
sion®!, Furthermore, we found that impaired arterial
baroreflex function, induced by anesthesia and sinoaortic
denervation, led to increased susceptibility of ventricular
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arrhythmia to aconitine, and intact baroreflex function is
necessry for preventing drug-induced ventricular arrhythmiag®.
Nevertheless, the current study showed that BRS was only
positively related to the threshold of aconitine required for
ventricular premature beat, but not to those required for ven-
tricular fibrillation and cardiac arrest. Hence, BRSwas not
one of the independent variables related to the susceptibil-
ity of ventricular arrhythmias to aconitinein the LH rats.

In conclusion, the LH rats possessed greater suscepti-
bility to aconitine-induced ventricular arrhythmias when
compared with LL rats. This greater susceptibility could
not be attributed to any one of the hemodynamic param-
etersalone studied in LH rats. It is proposed that various
hypertensi on-associated abnormalities, including the abnor-
mal hemodynamics, may co-contribute to this vulnerabil-
ity to ventricular arrhythmias.
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