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Abstract This study was conducted to evaluate the hypotensive properties of the extract of Chinese balloon flower
{Platycodon grandiflorum)’s root. In the studies for calcium channel-blocking using Xenopus oocytes, the ethanol-extract
(26.2+5.2%) showed higher activity than water-extract. Twenty female rats were fed 25, 35, and 45 mg/kg BW/day of the
ethanol-extract for 14 days to observe the changes in blood pressures and heart pulses. Ethanol-extract decreased the systolic,
diastolic, and mean blood pressures of the rats. Especially, the rats fed with 45 mg/kg BW/day of the ethanol-extract showed
significant decreases in the blood pressures. These results suggested that a decrease in blood pressures was due to the
extension of a blood vessel with calcium channel-blocking by ethanol-extract of Chinese balloon flower. Forty %-cthanol

showed the highest efficiency for ethanol-extraction of Chinese balloon flower.
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Calcium ion can be demonstrated as the important signal
intracellular messenger, participating in excitation and
contraction of cardiac and vascular smooth muscle. It has
been proved by many researches that calcium in the human
body is involved in various physiological and biochemical
processes, and related to some disease states (1,2). Calcium
ion can control the normal physiological action of some
visceral organs, such as heart, liver, kidney, or blood vessel,
and can participate in a variety of physiological actions and
life activities, such as excitation of neural cell, contraction
of muscle, coagulation of blood, cell division, phagocytosis
and immunity of cell, and so on (3-6). The metabolism of
calcium in a human body is regulated by many factors
to maintain the relative balance. If the equilibrium of our
organisms was damaged, there would emerge some abnormal
physiological or disease states. For example, coronary and
other diseases in cardiac are due to immoderate influx of
Ca*" into cytoplasm (7-9). The diseases might be prevented
or cured, if Ca®* channels are blocked by medications or
other substances (10,11), and thus, many calcium channel
medications, such as Nifedipine, Verapamil, Prenylamine,
Niludinine, Nisoldipine, and Felodipine, usually chemical
compounds, have been used in treatment for coronary and
other diseases (7,12). Besides these, the calcium blockers
are effective for hypertension, renal failure, renal colic,
stroke, arrhythmia, cerebral infarct, stenocardia, and
angiospasm. Especially, many calcium blockers are used to
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block off influx of calcium ions, protect from contraction
of cardiac and vascular smooth muscle, and then, lower
blood pressure. However, overdose of the chemical calcium
blocker may cause some harmful side effects (13,14).
Therefore, the studies on natural substances have been
actively progressed to solve this harmful side effect.
Actually, various kinds of herbs including ginseng have
become attractive as health-beneficial plants and as source
materials for the development of medicines (15-20).

Another possible candidate for calcium blocker is Chinese
balloon flower (Platycodon grandiflorum). The root of
Chinese balloon flower has been used as a traditional
oriental medicine for the symptoms of cough and sputum,
and a remedy for bronchitis, tonsilitis, laryngitis, pulmonary
pain, and inflammatory diseases in oriental countries
(21,22). The extracts of Chinese balloon flower’ root were
reported to prevent from hyperlipidemia, hypercholeste-
rolemia, obesity, liver damage, and diabetes (23,24).
Therefore, the abilities of water and ethanol extracts of
Chinese balloon flower for calcium channel-blocking, and
thus, blood pressure depression were observed in this
study, as a preliminary study for the further purpose of
development of a new blood pressure-lowering beverage as
a functional food without severe side effects.

Materials and Methods

Materials Al natural Chinese balloon flower used in this
work were purchased locally on an as-needed basis, freeze-
dried, and extracted with various solvents, such as hexane,
chloroform, ethy! acetate, butanol, water, methanol, and
ethanol using accelerated solvent extractor (ASE 200;
Dionex, Sunnyvale, CA, USA).
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Preparation of extracts from Chinese balloon flower
One-hundred g of Chinese balloon flower was extracted
with 300 mL of each solvent for 5 min at the temperature
of 40°C under pressure of 1,500 psi. The extract was, then,
filtrated with filter paper, evaporated under a reduced
pressure, and freeze-dried. These extracts prepared with the
various solvents, were to be tested for their calcium
charmel-blocking activities using Xenopus oocytes. The
ethanol-extract was fed to rat to observe blood pressure
changes.

In the mean time, the extractability of water and diluted
spirits was also tested for development of a functional
alcoholic beverage. Fifty g of sliced fresh Chinese balloon
flower was soaked in a 300 mL of water, diluted spirits
(ethanol content of 20, 40, 60, or 80%) for 30 days at room
temperature. After filtration, the spirits soaked with
Chinese balloon flower were evaporated under a reduced
pressure to analyze soluble components.

Activity test of extracts for calcium channel-blocking
using Xenopus oocytes c¢DNAs for the L (a1C, 028, and
B3)-type Ca?* channel subunits were provided from the
University of lowa, USA. Xengpus laevis were obtained
from Xenopus 1 (Ann Arbor, M1, USA). Frogs were operated
under anesthesia with an aerated solution of 3-amino
benzoic acid ethyl ester to isolate oocytes. Qocytes were
separated by treatment with collagenase and agitation for
2hr in a Ca’’-free medium containing 82.5 mM NaCl,
2 mM KCl, 1 mM MgCl, 5 mM HEPES, 2.5 mM sodium
pyruvate, 100 units/mL penicillin and 100 pg/mL strepto-
mycin. Stage V-VI oocytes were collected and stored in
ND96 (96 mM NaCl, 2 mM KCI, 1 mM MgCl,, 1.8 mM
CaCl,, and 5mM HEPES, pH 7.5) supplemented with
0.5mM theophylline and 50 g¢/mL gentamycin. This
oocyte-containing solution was maintained at 18°C with
continuous gentle shaking and changed every day. Electro-
physiological experiments with the oocytes were performed
within 5-6 days of their isolation. The drugs used in this
study were bath-applied. One day after harvest, a 10 uL
VWR microdispenser (VWR Scientific, San Francisco,
CA, USA) fitted with a tapered glass pipette tip (15-20 um
in diameter) was used to inject 40 nL. ¢cRNAs (40 and 20
ng for « and other auxiliary subunits, respectively) into the
animal or vegetal pole of each oocyte (25).

Recombinant plasmids containing calcium channel
subunit cDNA inserts were linearized by digestion with
appropriate restriction enzymes. ¢cRNAs were obtained
from the linearized templates with an in vifro transcription
kit (mMessage mMachine, Ambion, Austin, TX, USA)
using T7 RNA polymerase. The RNA was dissolved in
RNase-free water at 1 pg/ul, divided into aliquots and
stored at —-70°C until used.

A custom-made Plexiglas net chamber was used for 2-
electrode voltage-clamp recordings. The chamber was
constructed by milling 2 concentric wells into the chamber
bottom (diameter/height: upper well: 8/3 mm, lower well:
6/5 mm) and gluing plastic meshes (0.4-mm grid diameter)
onto the bottom of the upper well. The perfusion inlet (1-
mm diameter) was formed through the wall of the lower
well, and a suction tube was placed on the edge of the upper
well. The oocyte was then placed on the net separating
upper and lower wells, the grids of the net serving as
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dimples keeping it in place during electro-physiological
recording. The cocytes were impaled with 2 microelectrodes
filled with 3 M KCl (0.2-0.7 MQ). Recording solution
consists of 10 Ba (OH),, 90 NaOH, 2 KOH, 5 HEPES (pH
7.0 adjusted with methanesulfonic acid) and 0.3 niflumic
acid (mM). The electrophysiological experiments were
performed at room temperature with an oocyte Clamp
(OC-725C; Warner Instrument, Hamden, CT, USA), and
stimulation and data acquisition were controlled with a
pClamp 8 (Axon Instruments, Hamden, CT, USA). For
most of the electrophysiological experiments on Ca®*
channel activity, the oocytes were clamped at a holding
potential of —100 mV and depolarized to 10 mV for 500
msec, evoked every 10 sec. For current-voltage relationships,
voltage steps were applied from —60 to +60 mV with 10-
mV increments evoked every 10 sec for 500 msec. The
values are presented as means+SEM. The differences
between means of control and treatment data were analyzed
using unpaired Student’s /-tests.

Blood pressure and heart pulse depression test using
experimental animals The ordinary rats having average
blood pressure and heart pulse were used, because the
further purpose of this study was not to produce a hyper-
tension-curing medicine, but to produce a hypertension-
preventing beverage. A total of 20 female Sprague-Dawley
rats {6-7 weeks old, weight 150-200 g) were obtained from
animal distributor (Dae-Han Biolink, Chungbuk, Korea).
They were kept in standard rat cage allowed to acclimate
for 14 days with free access to feed and water. Lights were
maintained on a reversed 12-hr light/dark cycle. Temperature
and humidity were maintained at 23-24°C and 19%,
respectively. Rats were divided into 4 groups. Each group
was fed a standard feed plus 25, 35, or 45 mg/kg BW/day
of the ethanol-extract, respectively. Control group was fed
a standard feed only.

The rats were placed in plastic restrainers to measure the
blood pressures and heart pulses. A cuff with a pneumatic
pulse sensor was attached to the tail. Rats were allowed to
habituate to this procedure for 3 days before experiments
were performed. The experiment equipment which recorded
blood pressure and heart pulse used a blood pressure
monitor rat/Murochi model MK-2000 (Koreatech Inc.,
Daejeon, Korea). Blood pressure and heart pulse were
averaged from 6 consecutive reading obtained from each
rat (26).

Statistical analysis Statistical analysis was conducted
using SPSS 10.0 package. All values were presented as
means+=SEM. The differences between means of control
and treatment data were analyzed using Duncan’s multiple
range tests, A value of p<0.05 was considered statically
significant (27).

Results and Discussion

Caleium channel-blocking abilities of Chinese balloon
flower extracts The inward Ba®" peak current (IBa) was
recorded by the 2-electrode voltage clamp technique from
oocytes injected with cRNAs encoding the L-type Ca®* ion
channel a and auxiliary subunits. The oocytes were held at
~100 mV for L-type Ca®" channels, and IBa were elicited
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Fig. 1. Calcium channel trace of water-extract (a) and ethanol-

extract (b) Chinese balloon flower, and the comparisons of the
effects {c) on L-type calcium channel-blocking.

by depolarization to 10 mV, every 10 sec. As described in
Fig. 1a and 1b, the depolarizing voltage steps induced large
inward IBa in each type of Ca® channel, however,
application of 100 mg/mL of the extracts reversibly inhibited
IBa. The percent-inhibitions of IBa by Chinese balloon
flower’s extracts were 26.2+52% in ethanol-extract and
6.2+3.2% in water-extract (Fig. lc).

The ethanol-extract showed the relatively strong
inhibition to IBa, indicating the significant influence of
these extracts to Ca** influx and efflux. L-Type Ca®'
channels are heteromultimeric structures that are minimally
composed of a pore-forming alC subunit and regulatory b
and a2d subunits in vascular smooth muscle cells. The L-
type Ca”* channels are the primary pathways for voltage-
gated Ca®" influx that trigger excitation-contraction coupling
in small resistance vessels (28). Notably, vascular smooth
muscle cells of hypertensive rats showed an increased
expression of L-type channel alC subunits, which is

Table 1. Compositions of a standard feed for rats

Component Content (%)
Crude protein 20.0
Crude fat 7.0
Crude fiber 7.0
Moisture 10.0
Ash 6.0
Calcium 0.5
Phosphorus 0.5
Corn starch 445
Mineral mixture 35
Vitamin mixture 1.0
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Fig. 2. Changes in systolic blood pressure of rats fed with 0, 25,
35, and 45 mg/kg BW/day of ethanol-extract of Chinese balloon
flower for 14 days. Values reported as means+SD. *p<0.05 by
Duncan’s multiple range test.

associated with elevated Ca” influx and the development
of abnormal arterial tone (29). Therefore, the extract of
Chinese balloon flower, especially the ethanol-extract, was
expected to decrease the blood pressure by calcium channel-
blocking, and thus, decided to utilize in development of a
beverage possessing blood pressure-lowering functionality.

Blood pressure and heart pulse-lowering abilities of the
ethanol-extract Generally, the decrease in a blood
pressure reduces cardiovascular diseases in hypertension
patients (30). The ethanol-extract was tested in vivo to
observe the changes in the blood pressure and heart pulse
of rats, because of its strong inhibition to IBa.

Systolic and diastolic blood pressures, which constitute
blood pressure, change with age. Ordinarily, systolic blood
pressure of human increases with aging, while diastolic
blood pressure increases until age of 50 and then decreases
gradually (31). Diastolic blood pressure is related to risks
of cardiovascular disease and hypertension in youth and
systolic blood pressure is related to those in the old ages
(32). The changes in systolic blood pressures of the rats fed
with 25, 35, or 45 mg/kg BW/day of the ethanol-extract.
The rats fed with 25 or 35 mg/kg BW/day of the ethanol-
extract did not show significant blood depression. However,
the systolic blood pressures of the rats fed with 45 mg/kg
BW/day of the ethanol-extract showed a significant decrease
during the first 2 days and gradual decreases after 2 days
(Fig. 2).

All of the experimental rats, except control, showed the
trends of decreases in diastolic blood pressures (Fig. 3).
Even the rats fed with 25 mg/kg BW/day of the ethanol-
extract showed a slightly lower diastolic blood pressure
than control during the whole period of experiment. The
diastolic blood pressure of the rats fed with 35 mgkg BW/
day of the ethanol-extract decreased drastically after 10
days of feeding (97+16.1 to 40+8.7 mmHg). The diastolic
blood pressure of the rats fed with 45 mg/kg BW/day of the
ethanol-extract decreased sharply after 2 days of feeding
(109+6.3 to 45.4+17.5), but remained relatively unchanged
after 6 days of feeding. Although there were severe
differences in results according to the individual variety,
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Fig. 3. Changes in diastolic blood pressure of rats fed with 0,
25, 35, and 45 mg/kg BW/day of ethanol-extract of Chinese
balloon flower for 14 days. Values reported as means + SD. *p <
0.05 by Duncan’s multiple range test.

the significant effects of the ethanol-extracts on the both
blood pressures. The changes in the mean blood pressure
of the 3 groups of the rats were described in Table 2.
Significant decreases in the mean blood pressure of the rats
fed with 35 and 45 mg/kg BW/day of the ethanol-extract,
were observed. Although an accurate mechanism was not
verified yet, Lim ef al. (33) also reported the inhibition of
Platycodin D extracted from Chinese balloon flower to the
contractile responses. The rates of decreases were in the
proportion to the amount of the fed ethanol-extract. The
mean blood pressure of each group decreased gradually
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Fig. 4. Amounts of extracts with spirits of 0-80% ethanol
concentration.

during the experiment period (data not shown). This result
was in accordance with the results of previous experiments
for systolic and diastolic blood pressures.

Although the ethanol-extract decreased the blood
pressures effectively, it did not significantly change the
heart pulses (Table 3). However, the works of Fatehi ef al.
(34) dealing with the heart pulses affected by Crocus
sativus petals showed the similar results. Consequently, the

Table 2. Changes in mean blood pressures of female Sprague-Dawley rats by feeding 0-45 mg/kg BW/day of ethanol-extract of

Chinese balloon flower for 14 days

Mean blood pressure!’ (mmHg)

Group Rate of decrease (%)
Before feeding After feeding for 14 days
Control 11644 105+7.9% 8.48+2.9
25 mg/kg BW/day-feeding 120+3.9° 100+£7.5% 15.69+3.4
35 mg/kg BW/day-feeding 99+17.3° 66+5.3* 30.01+6.2
45 mg/kg BW/day-feeding 126+3.5¢ 69+13.2° 42.23+59

YValues reported as means+SD; means with different letters in a column are significantly different by Duncan’s multiple range test (p<0.05).

Table 3. Changes in heart pulses of rats fed with 0, 25, 35, and 45 mg/kg BW/day of ethanol-extract of Chinese balloon flower for

14 days
Groups Heart pulse" (beats/min)

Igtake period 25 mg/kg 35 mgkg 45 mg/kg Control

(day) S BW/day-feeding BW/day-feeding BW/day-feeding
0 475+84 478+20¢ 511+154 471 +6¢
1 41249 473£11¢ 486+13% 456+8¢
2 44148 45849 423434 439+2¢
4 459+ 10 480+ 10° 432+16° 404+4*
6 435x11° 463£19* 431429 433+3¢
8 414+7° 451+ 14> 461+£10* 422430
10 397+21° 438123% 445+16° 460+34
12 46048 415+23° 448416 419+12°
14 45149 435+18% 4444172 399+6°

"Values reported as means+SD; means with different fetters in row are significantly different by Duncan’s multiple range test {p<0.05).
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effect of the ethanol-extract on peripheral resistance seems
important.

The previously mentioned results on the blood pressures
and calcium channel blocking experiments, suggested that
a decrease in blood pressure may be due, at least in part, to
an extension of a cardiac vascular as a consequence of Ca”*
channel blockade induced by the ethanol-extract of
Chinese balloon flower. Therefore, the effects of ethanol
concentrations in spirits on extractability of the solutes in
Chinese balloon flower were studied for efficient extraction
of the ethanol-extract of Chinese balloon flower.

The spirit with ethanol concentration of 40% extracted
the largest amount of yellowish and sticky solute among
the tested concentration (0-80%) of ethanol (Fig. 4). The
amount of extract increased with increasing concentration
of ethanol, however, decreased with higher ethanol concen-
trations than 40%. Therefore, a 40% ethanol-extraction of
Chinese balloon flower was strongly recommended to
produce a beverage possessing blood pressure depressing
functionality.
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