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Background & objectives: Pre-clinical studies in swine have demonstrated that a supratherapeutic
concentration of sildenafil citrate decreased defibrillation efficacy and facilitated cardiac arrhythmia.
We therefore, decided to investigate the effects of Kaempferia parviflora (KP) extract on these parameters
in the swine heart. The underlying assumption was that in the heart, KP might be producing effects
similar to sildanafil citrate as KP has long been used in southeast Asian traditional medicine to correct
erectile dysfunction.

Methods: The study was conducted as the defibrillation study, and ventricular fibrillation (VF) induction
study. In both studies, the defibrillation threshold (DFT), the upper limit of vulnerability (ULV) and VF
threshold were determined before and after KP extract administration.

Results: In both studies KP extract at high concentrations (100 and 50 mg/kg) significantly increased the
DFT and ULV, without altering the VF threshold. At these concentrations, systolic and diastolic blood
pressures were also attenuated.

Interpretation & conclusions: High concentrations of KP extract attenuated defibrillation efficacy and
increased cardiac vulnerability to arrhythmia in a normal swine heart. When used in appropriate
concentrations, its blood pressure lowering effect may be useful in hypertensive states. Further studies
need to be done to elucidate its mechanism of action.
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Kaempferia parviflora Wall. Ex. Baker (KP), one
of the plants in the Zingiberaceae family and locally
known in Thai language as Krachai-dam, has been used
in Thai traditional medicine as a tonic for promoting
health, relieving body pains and gastrointestinal
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disorders and rectifying male impotence!*. KP contains
many kinds of flavonoids, including 11 flavones, three
flavanones and two chalcones'>”". Previous studies have
reported that KP has anti-plasmodial', anti-fungal’,
anti-mycobacterial', anti-gastric ulcer?, anti-allergic?
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and anti-acetylcholine-esterase (AChE) activities®.
Some of these effects are attributed to the presence of
certain specific flavonoids in KP extract.

Traditionally, KP has been used as herbal
medicine to alleviate male impotence®. Even though its
mechanism of action is not known, recent in vitro study
indicated that it may be mediated through cGMP by
promoting inhibition of phosphodiesterase type 5 (PDE
-5) activity’ which breaks down cGMP by cleaving it
to 5’-GMP'°. ¢cGMP is essential for penile erection
as it causes smooth muscle relaxation in the corpora
cavernosa!®. Formation of c¢GMP is increased by
nitric oxide (NO) released from the cavernous nerves
and endothelial cells in response to sexual stimuli'®.
KP extract also promotes NO release by enhancing
mRNA and protein expression in human umbilical vein
endothelial cells''. Additionally, it causes relaxation of
rat aortic rings through a NO signaling pathway!'>'“,
All these actions lead to an increase in cGMP level and
may rectify erectile dysfunction.

Sildenafil citrate is used worldwide for correction
of impotence'’. Its mode of action is promoting
accumulation of ¢cGMP in the corpora cavernosa
by inhibiting its breakdown by PDE-5'°. However,
recent pre-clinical studies have demonstrated that
supratherapeutic concentration of sildenafil citrate
administered with or without an NO donor significantly
decreased defibrillation efficacy and might facilitate
arrhythmias'>'®, It remains to be seen whether KP
extract also produces similar effects in the heart. Hence
the present investigation was carried out to study the
effects of KP extract on these parameters in the swine
heart its anatomy, size, physiology and the perfusion
distribution of blood flow are similar to the human
heart".

Material & Methods

Preparation of KP extract: KP rhizomes were obtained
inthe form of coarsely ground powder from Thanyaporn
Co., Ltd., Samutprakarn Province, Thailand. The
coarse powder of this plant was weighed for 100, 50,
25, or 12.5 mg/kg body weight, and extracted with 70
ml saline for 15 min at 90 °C. The solution was filtered
with Whatman filtered paper No.1 to collect the extract.
The final volume of the extract was approximately 50
ml. It was expected that such an extraction would retain
the bioactive components of KP rhizomes and would
produce biological effects without cytotoxicity'2°.

Animal preparation and electrode placement: The study
was approved by the Institutional Animal Care and

Use Committees of the Faculty of Medicine, Chiang
Mai University, Thailand. Pigs (~30 kg) of either sex
were anaesthetized, monitored, and maintained under
physiological conditions as described earlier'®!. In
each pig, anaesthesia was induced with a combination
of atropine (0.04 mg/kg), xylazine (2 mg/kg) and zolitil
(5 mg/kg), injected intramuscularly and maintained
by 0.5-2.0 per cent isoflurane delivered in 100 per
cent oxygen. After cuffed-endotracheal intubation,
mechanical ventilation (volume controlled, tidal
volume=12 ml/kg, respiratory rate=10-15 cycles/
min) was started with the pig in a restrained dorsally
recumbent position. The surface electrocardiogram
(lead 1I), PaO,, end-tidal CO,, femoral arterial blood
pressure, core temperature, respiratory rate, blood
gases and electrolytes were monitored continuously
throughout the entire study. The pigs were operated on
to expose and isolate the left and right external jugular
veins. A catheter with a 34-mm platinum-coated
titanium coil electrode (Guidant Corporation, Natick,
MA, USA) was inserted into the right ventricular apex.
A 68-mm electrode catheter was placed at the junction
between the right atrium and superior vena cava. The
positions of the catheters were verified with fluoroscopy
and secured at the venotomy sites to stabilize their
positions. Succinylcholine (1 mg/kg loading, 0.25
mg/kg maintenance every 45 min) was administered
intravenously to minimize skeletal muscle contraction
during shock testing or rescue shock.

Two sets of experiments were performed;
defibrillation study and VF induction study. In each
study, the pigs were divided into five groups (n=8
each). The KP extract of 100, 50, 25, 12.5 mg/kg and
saline, each of 50 ml, were intravenously infused in
groups 1, 2, 3, 4 and 5, respectively. The KP extract or
saline was infused at the rate of two ml/min for 25 min
in both series. All parameters in the defibrillation and
VF induction studies were determined before (control)
and at 30 min after KP extract or saline administration.
This time point was chosen since our data indicated that
the effect of KP extract on haemodynamics and cardiac
electrophysiology peaked at 30 min after infusion and
declined to the baseline within three hours.

Defibrillation protocol: Ventricular fibrillation (VF) was
induced by a 50-Hz alternating current delivered via
an electrode at the tip of the right ventricular catheter.
After 10 sec of VF induction, the defibrillation was
attempted with biphasic truncated exponential shocks
(Ventak, Guidant Corporation, Natick, MA, USA) with
electrodes at the right ventricular apex as cathode, and
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at the superior vena cava as anode for the first phase.
A minimum of four minutes was allowed to elapse
between VF episodes. If the shock failed to defibrillate,
a rescue shock (20-30 J) was delivered to restore sinus
rhythm within ten seconds. The defibrillation threshold
(DFT) was determined using a three-reversal up/down
protocol with the initial strength at 400 V', The lowest
shock strength that is successful to defibrillate after
the third reversal was defined as DFT'S. In the present
study, the DFT was shown as the delivered voltage
and the total energy delivered by the defibrillator to
the fibrillating heart. The other two parameters that
involved in the determination of DFT were pulse width
and impedance. Pulse width represented the duration
of each shock given in each episode for defibrillation.
The impedance represented the resistance on the heart
for each defibrillation shock. Normally, the unaltered
pulse width and impedance are used to confirm that the
change in the DFT is not due to the influence of those
two parameters.

Diastolic pacing threshold (DPT) and effective
refractory period (ERP) measurement: The diastolic
pacing threshold (DPT) was defined as the lowest
current strength required causing the ventricular
response (capture). The DPT testing was determined by
delivering 10 stimuli of a five msec square pulse (S1) via
the pacing electrode at the tip of right ventricular (RV)
catheter at 500 msec intervals. The current strength
began from 0.1 mA and increased with increments of
0.1 mA until all S1 stimuli could capture the ventricle.
After the DPT determination, the effective refractory
period (ERP) was determined. A train of 10 S1 stimuli
was delivered, and an S2 stimulus was introduced in
late diastole (350 msec) after the tenth S1. The basic
S1-S2 coupling interval was decreased in 10 msec
steps until S2 failed to elicit a capture. The ERP was
defined as the longest interval between S1 and extra
stimulus (S2), where S2 is the stimulus that fails to
elicit a ventricular response!'®.

Ventricular fibrillation threshold (VFT) and upper
limit of vulnerability (ULV) determination protocol:
The ventricular fibrillation threshold (VFT) testing was
performed by using the step-down protocol. Initially,
a train of 10 S1 stimuli (unipolar, 5 msec monophasic
pulses) were paced from a pacing electrode at the
tip of the RV apex. An S2 shock (biphasic truncated
exponential single-capacitor waveform) was delivered
at the mid electrical diastole (mid T wave) with initial
intensity of 100 V to induce VF. If VF occurred, the
strength of S2 shock would be decreased by 10 V for

each VF induction episode until VF could no longer
be induced. If the first S2 shock was not able to induce
VF, the shock strength would be increased in 10 V
steps until VF could be induced. The lowest shock
strength required for inducing VF was defined as the
VFT'". Similar to the DFT, the VFT was expressed as
the delivered voltage and the total energy delivered
by the defibrillator. Additionally, the pulse width and
impedance were also measured in the VFT study,
similar to that of the DFT study.

Theupperlimitofvulnerability (ULV)determination
was performed by the use of a three-reversal up/down
protocol'®. The initial S2 shock strength was chosen at
400 V and delivered at the mid T wave of the last tenth
S1 pacing stimuli. The lowest shock strength above
VFT that did not induce VF at the mid T wave was
defined as the ULV'®. Thus, the ULV was the lowest
electrical shock strength higher than the VFT that could
no longer induce VF when delivered during the mid T
wave of a normal sinus rhythm. Similar to the DFT, the
ULV was expressed as the delivered voltage and the
total energy delivered by the defibrillator. Additionally,
the pulse width and impedance were also measured in
the ULV study, similar to that of the DFT study.

In the present study, the range of shock strengths
between the VFT and the ULV was also determined,
and expressed as the window width of VF induction.
It refers to the range of the shock strength that could
induce VF when delivered during the mid T wave of a
normal sinus rhythm. Any condition that expands the
window width of VF induction indicated the increased
cardiac vulnerability to VF in this study. The window
width of VF induction was calculated by subtracting
the VFT from the ULV.

Statistical analysis: Values were expressed as
mean+SD. Comparisons of electrophysiological
and haemodynamic parameters within groups were
analyzed using the Wilcoxon Signed Ranks test?!.

Results

Effect of KP extract on the defibrillation efficacy: In the
defibrillation study, the delivered voltage and the total
energy for the DFT in groups 1 and 2 (100 and 50 mg/
kg KP extracts) were found to be significantly higher
than that in their respective controls (Fig. 1A and B).
The delivered voltage and total energy in group 1
increased by 22 and 46 per cent, respectively. In group
2, these increased by 20 and 50 per cent, respectively.
The delivered voltage alone increased significantly



WEERATEERANGKUL et al: K. PARVIFLORA ON CARDIAC ELECTROPHYSIOLOGY 159

>

8
*

[+2]
8
*

= Control
C— KP or saline

Delivered voltage (Volts)
N w H wn
8 8 8 8

8

o

100 50 25 12.5 Saline
KP (mg/kg)

Impedance (Ohm)
8 3

8

0 —
100 50 25 12.5 Saline

KP (mg/kg)

35
30 *
3
S 20
1
g, 5
c 10
w
5
0
100 50 25 12.5 Saline
KP (mg/kg)
20
18
7 16
E 1
£ 12
2 10
3 8
b3
S 6
a 4
2
0 -
100 50 25 12,5 Saline
KP (mg/kg)

Fig. 1. Effects of K. parviflora extract and saline (n=8 in each group) on the delivered voltage (A) and total energy (B) of the defibrillation
threshold (DFT). The impedance (C) and pulse width (D) of DFT in all groups are demonstrated. (*P < 0.05 vs. control).

(8%, P<0.5) in group 3 (25 mg/kg KP extract). No
change was noted in both these parameters in group
4 (12.5 mg/kg KP extract). The delivered voltage
and total energy for the DFT before and after saline
administration were not significantly different from
each other in group 5. The impedance and pulse width
did not change significantly from the control in all
groups (Fig. 1C and D).

Effect of KP extract on the VF inducibility: In the
VF induction study, the delivered voltage and
total energy for the ULV in groups 1 and 2 were
significantly higher than the control (Fig. 2A and B).
In group 1, the delivered voltage and the total energy
of the ULV were significantly (P<0.05) increased
by 22 and 41 per cent, respectively, while in group
2 by 14 and 30 per cent, respectively. In groups 3
and 4, the delivered voltage and total energy were
not changed from the control. The delivered voltage
and total energy for the ULV before and after saline
administration were not different in group 5. The
impedance and pulse width were not significantly

changed from the control in any group (Fig. 2C
and D). For VFT determination, the delivered
voltage, total energy, impedance and pulse width
before and after all concentrations of KP extracts or
saline administration were not different in any group
(Fig. 3). Further, after 100 and 50 mg/kg KP extract
administration, the window width of VF induction
(calculated by subtracting the VFT from the ULV)
was significantly increased compared to the control
(Table I). This effect was not observed in 25, 12.5
mg/kg KP extract or saline administration.

Effect of KP extract on the basic cardiac
electrophysiology: The basic cardiac
electrophysiological parameters (DPT, ERP and S1-S2
coupling interval) in all experimental groups are shown
in Table II. In groups 1 and 2, the DPT was significantly
increased, compared to the control. It did not change from
the control in groups 3, 4 and 5. The ERP and S1-S2
coupling interval after the administrations of each of the
different concentrations of the KP extract or saline did not
differ significantly from their corresponding controls.
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Fig. 2. Effects of K. parviflora extract and saline (n=8 in each group) on the delivered voltage (A) and total energy (B) of the upper limit of
vulnerability (ULV). The impedance (C) and pulse width (D) of ULV in all groups are demonstrated. (*P < 0.05 vs. control).

Effect of KP extract on the hemodynamic parameters:
Heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP) and mean arterial
pressure (MAP) in all experimental groups are shown
in Table I1I. When compared with the controls, the SBP,
DBP and MAP were decreased significantly (£<0.05)
following the administration of higher concentrations
of KP extract (100 and 50 mg/kg) in groups 1 and 2.
The heart rate did not change significantly from the
control with any of the concentrations of KP tested and
by the saline administered.

Discussion

In the present study the intravenous administration
of KP extract at high concentrations (100 and 50 mg/
kg) increased the DFT, ULV and DPT, but decreased
SBP, DBP and MAP significantly. Even at these
concentrations, KP did not alter ERP and HR. A small
but significant increase was elicited in the delivered
voltage of DFT with a KP extract of lower concentration
(25 mg/kg).

Although KP extract has been used in traditional
medicine for many decades, its effects on cardiac
electrophysiology remain mostly unknown. Our results
indicated that higher concentrations of KP (50 and
100 mg/kg) could decrease the defibrillation efficacy
and increase cardiac vulnerability to fatal ventricular
arrhythmia. These findings are consistent with the
supratherapeutic effect of sildenafil citrate reported
previously'®'®. It is proposed that KP extract could have
increased cGMP levels in the heart, an effect similar
to sildenafil citrate leading to cardiac vulnerability to
arrhythmia.

The effects of NO and cGMP have been
investigated in the heart to regulate many types of ions
via the modulation of voltage-gated ion channels?%,
ligand-gated ion channels?” as well as ion-handling
proteins such as ryanodine receptor’®, sarco-
endoplasmic reticulum calcium ATPase (SERCA)*
and phospholamban?®. The intracellular Ca** regulation
which plays an important role in the genesis and
maintenance of cardiac arrhythmia, was found to
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Fig. 3. Effects of K. parviflora extract and saline (n=8 in each group) on the delivered voltage (A) and total energy (B) of the ventricular
fibrillation threshold (VFT). The impedance (C) and pulse width (D) of VFT in all groups are demonstrated. (Not significant between

groups).

be altered by NO-cGMP signaling pathway?>?3282,
Moreover, the effects of NO and ¢cGMP on other
cardiac ion channels involved in the formation of
cardiac action potential including Na® channel*
and various type of K* channels®®?” have also been
reported. Since NO-cGMP signaling plays a critical
role in various ionic regulations of cardiomyocyte, it is
proposed that KP extract would have also produced its
effects through these mechanisms. The disturbance in
the ionic regulation in the heart by effect of KP extract
could lead to the increased cardiac vulnerability to
ventricular arrhythmia by an increase in the DFT and
ULV as shown in the present study. Future studies on
the effects of KP extract on cardiac ion channels are
required to elucidate this hypothesis.

Our results also demonstrated that both 100
and 50 mg/kg KP extract administrations decreased
significantly the SBP by approximately 26 and 22
mmHg, respectively. This finding is consistent with the
previous studies that KP has the vasorelaxant effect'>!3.

Despite this hypotensive effect, both high concentrations
of KP extract did not change significantly the HR. This
could be due to the depressed baroreceptor reflex of
isoflurane used for anaesthetization®.

The present study had certain limitations. Since this
study was performed in normal swine hearts, it remains
to be seen whether the findings can be extrapolated to
diseased hearts of pigs and hearts from other species.
In the present study, neither the cGMP level nor PDE-5
activity was determined. Moreover, the metabolism of this
herbal plant could vary substantially between species.

In conclusion, our study demonstrated that high
concentrations of KP extract decreased the blood
pressure and modulated the cardiac electrophysiology,
thus causing an alteration of the defibrillation process
by decreasing the defibrillation efficacy and increasing
the cardiac vulnerability to VF. It is proposed that the
observedresponses couldbemediated throughNO-cGMP
signaling pathway. However, cellular and molecular
studies are required to confirm this proposition.
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Table I. The mean window width of ventricular fibrillation (VF) induction in all groups

Parameters Group 1 Group 2 Group 3 Group 4 Group 5
Control  KP extract Control ~ KP extract Control KP extract Control  KP extract Control Saline
(100 mg/kg) (50 mg/kg) (25 mg/kg) (12.5 mg/kg)
Voltage (V) 409+74  509+73* 397+46  475+£35*  373+35 398+48 390+76  385+58 375481 380+64
Energy (J) 1645 23+7* 1443 1942% 13+£2 1443 13+4 1443 137 14+6

Values are expressed as mean+SD (n=8). *P<0.05 vs. control of the same group

Table II. Cardiac electrophysiological parameters measured before and after KP extract or saline administration

coupling
interval (ms)

DPT, diastolic pacing threshold; ERP, effective refractory period

Parameters Group 1 Group 2 Group 3 Group 4 Group 5
Control ~ KPextract Control KP extract Control KPextract  Control KPextract Control Saline
(100 mg/kg) (50 mg/kg) (25 mg/kg) (12.5 mg/kg)
DPT (mA)  0.4+0.1  0.9+0.5*% 0.3£0.1 0.6+0.1* 0.3£0.1 0.4+0.1 0.3£0.1 0.3+0.1 0.4+0.2 0.6+0.3
ERP (ms) 254+18  261+20 250+£26 259+19 245+9  248+15 238+6  243+13 243+£27  250+19
S1-S2 301+31 290+29 257422 272422 264420 268+12 254415 258+20 271+£24  267+33

Values are expressed as mean+SD (n=8). *P<0.05 vs. control of the same group

Table I11. Hemodynamic parameters measured before and after KP extract or saline administration

Parameters Group 1 Group 2 Group 3 Group 4 Group 5

Control  KP extract Control KP extract Control KP extract Control KP extract Control  Saline

(100 mg/kg) (50 mg/kg) (25 mg/kg) (12.5-mg/kg)

SBP (mmHg) 115+14 89+18* 120+15 98+15%* 113+6  107+10 107413 10648 105+8  107«+11
DBP (mmHg) 80+13  47+12%* 84+11  58+7* 80£6  72+14 74+8 71+12 74+12  78+9
MAP (mmHg) 92+12 61£12* 96+12  7249* 91+4 84+11 85+7 83+10 84+7 87+10
Heart rate (bppm) 91£18  105+13 101£12 117+£15 110+11 112+10 10816 109+19 111£10  117£12
SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure
Values are expressed as mean+SD (n=8). *P < 0.05 vs. control of the same group
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