OP0010- 10- 0653 A pharmaceutical conposition for regulating the potassium
channel in cardiac nuscle cell and its preparation nethod and its uses
Technical Field [1] The present invention relates to a pharnmaceuti cal
conposi ti orPPRIO-1p8¢3| ati ng t he potassi um channel in cardiac nuscle cell and
Its preparation nethod and its uses. Background Art [2] Cardiovascul ar

di seases, such as hypertension, coroHary di sease, arrhythm a, have becone
maj or threat to human health, the norbidity and nortality of which are the

hi ghest anongAghhafidcéusiRas edenmposidivifor f@%ﬂhﬁlfgtﬁwpblﬁhﬁiuﬂmh as fast
ventricul ar tachycardia (VT), ventricular fibrillation (VF) and sudden

car di ac deatd¢hiBgE)in ¢ardine mmisole celliaa doits pmepiarationumethod and

di sease-associ ated death. [3] The ngrmal bl ood punping function of heart
relies on the rhythnic novenent, whiMSES alternately contract and rel ax,
of cardiac nmuscle. The formation and conduction of excitability on cardiac
nmuscl e cell nmenbrane are the initial causes for the rhythm c contract and
rel ax novengihQbalt Ilc!peart. The formation and conduction of excitability
on cardi ac nmuscle ce menbrane are based on the change of electrical

potential n]cRidhasent iotentinl telarstivan phaiihaceltival ramposition ol

potential change of nenbrane |eads to the change of rhythm of the heart,

i . e., arrhyegmatingvtheyphtasaiwey ehanyelafinecargianempselsd cgllmgndgiBuncti on of
the heart, which needs bo be treated as early as possible. [4] Based on the

di seased siRteparaiommathed and s HSES ¢l assified into

Background Art

[2] Cardiovascular diseases, such as hypertension, coronary disease,
arrhythmia, have become major threat to human health, the
morbidity and mortality of which are the highest among all the
diseases worldwide. Severe arrhythmia, such as fast ventricular
tachycardia (VT), ventricular fibrillation (VF) and sudden cardiac
death (SCD), is the major cause of cardiovascular disease-associated
death.

[3] The normal blood pumping function of heart relies on the
rhythmic movement, which is alternately contract and relax, of
cardiac muscle. The formation and conduction of excitability on
cardiac muscle cell membrane are the initial causes for the rhythmic
contract and relax movement of the heart. The formation and
conduction of excitability on cardiac muscle cell membrane are
based on the change of electrical potential on cardiac muscle cell
membrane. The abnormal electrical potential change of membrane
leads to the change of rhythm of the heart, ie., arrhythmia.
Arrhythmia severely affects the blood pumping function of the heart,
which needs to be treated as early as possible.

[4] Based on the diseased site, the arrhythmia can be classified into



OP0010- 10-0653 2 sinus arrhythma, atrial arrhythma, atrioventricul ar
junctional arrhythma, ventricular arrhythma and heart bl ocks. Atri al
arrhythm a i ncludes premature atrial contractions, atrial tachycardia,
atrial flutQPee10-160¢53al fibrillation. Ventricular arrhythm a includes
premature ventricul ar contractions, ventricular tachycardia, ventricul ar
flutter, ventricular fibrillation (R@n-gao Ye, Internal nedicine, People's
medi cal publishing house, Cct. 1984, 2nd edition, p.172-212). [5] Currently,
based on t kened f agthyelméar dateial migehgthehiact mopdyenticudyr apthdtimalechani sm
the anti-arrhythm a agents for clinical use and in devel gpment can be

cl assi fi ed arrhythmigy omestriculars catirhihumisnandol bewdr sblocks. Bfridept or

bl ockers, 111

- the ,agent sel ectively .prolopging actio tenti,al duration
(APD) and erfhisethinia INEFidss BRIy Giri g ERRRUAIGRR A A @@ 5. and
t he agent sel.ect jvel I [ ; [ [ . rdi.a e, IV -
cal ci um chfﬁhgr ﬂﬁﬁgée%ﬁg;ggﬁpﬁﬁm ;{Qggﬁgﬂ‘ﬁ? Ia;rfhz;ﬁén lé. gggﬂlr%igguce
conduct i On_;?féhﬁﬁu%ey aPeh®NeNal cagbhiRasPnEdICt vemtAtekk, Watlefcazdin,i ncrease
the possibility of reentry activation and may thereby |ead to arrhythm a.
Agent's fromegtduplarl fldteere ventsicodararfibrdllagbhe (Renrgaut Yeptireerna/( Rui Li
Phar macol ogy (4th edition), People's nedical publi shiar;g house, . Nov. 1999,
14t h pri nt medigna Agoplp s medieal prbleshinghouserbddi k& Znbeditipr epar at i on
nmet hod have Eﬁgrz |.scl osed in Chinese patent ZL02146572. X, which is just
directed td- B earch of premature ventricular beat of coronary heart.

Summary [ 7rsPur euRlA), Y- bhed aPsh! calt Tated A dihardimark! | Ghsgempost ti on

electrophysiology and the mechanism, the anti-arrhythmia agents for
clinical use and in development can be classified into 4 groups: I -
sodium channel blockers, 1T - B receptor blockers, III - the agent
selectively prolonging action potential duration (APD) and effective
refractory period (ERP) in cardiac muscle cells, and the agent
selectively blocking potassium channel in cardiac muscle, IV -
calcium channel blockers. Agents from groups I, II and IV can
reduce conduction velocity and even lead to conduction block,
which can increase the possibility of reentry activation and may
thereby lead to arrhythmia. Agents from group III have no
substantial effect on automaticity (Rui Li, Pharmacology (4th
edition), People’s medical publishing house, Nov. 1999, 14th print,
pl159-171).

[6] A pharmaceutical composition and its preparation method have
been disclosed in Chinese patent ZL02146572.X, which is just
directed to the research of premature ventricular beat of coronary
heart.

Summary

[7] Surprisingly, the applicant found a pharmaceutical composition



for regulating the potassiumchannel in cardiac nuscle cell, which can

I nhi bit the potassium channel, inhibit inward rectifying potassium current
and transi ent outward potassiumcurrent in a voltage-dependent nmanner, and
can del ay ©ORe01p€e045Pyi ng potassiumcurrent. The anti-arrhythm a effect is
achi eved by decreasing the excitability of cardiac nmuscle cell, inhibiting
the repol ari zati on of action potentiél (AP) in cardiac nuscle cell, and
prol ongi ng action potential duration (APD). The pharmaceutical conposition

of the pregspirepiidgitid et pdtassaiml chainslain oasdiat hakclevesilr vdiitlar and
supraventricular arrhythma. [8] Another object of the present invention is
to provi de canprighabist ithe metassiuof chanpdlar mebdbut | oavasbrpedsifying. [ 9]

Anot her object of the present invention is t rovi.de the uses of the

bhar maceut NASEBRDSSTTaEnang 1 ANt pputEwd HRERTNEN PHEAIES &

sl o col IV rGratar dmeBheb il Lo delan e soG Bk PR urh T oang
45- 180 par tc%rré?)?.:‘! S-SrehGriafita RATEE: isC%EHiev%af’ng’@e%at%ﬁq)g fhétiorrhi zae

125- 450 parts i ed senmen zfzi pht splnosae 95-400 parts, taxilli 95-400

parts, rubkegcitabdd prdasdiazt aheebhaghl, 3nhibdingathes repdRirzBtion of
phar maceutical conposition also conprises the follow ng conponents by

wei ght : Rhiﬁztim patendisd {A&Bpin £8rdieo paseks, celhi andeprodprgidigs agBo0 part s,
F t Schi d Sph 5- 150 t d i s 75-300 ts.
1157 The: pRotaeeLanERIOn GAIIaT s ShepPRishatA e A BaStice OF ShFowt ng. -

t [ ] -gi -9 hi ' 1 135 ts,
cornt 0a- P, Bventiot] i IRERE 555 YaM8057 puTRY, PBAARAUIE: Tl o, PartS

spinosae  QEPPAerkPic¥badarrhythmia.

[8] Another object of the present invention is to provide a
preparation method of the pharmaceutical composition.

[9] Another object of the present invention is to provide the uses of
the pharmaceutical composition.

[10] The present invention provides a pharmaceutical composition
for regulating the potassium channel in cardiac muscle cell
comprising the following components by weight:

[11] ginseng 45-180 parts, ophiopogonis 50-200 parts, corni 125-450
parts, miltiorrhizae 125-450 parts, fried semen ziziphi spinosae
95-400 parts, taxilli 95-400 parts, rubra 45-200 parts, steleophaga
35-150 parts. |

[12] The pharmaceutical composition also comprises the following
components by weight: Rhizoma Nardostachyos 45-200 parts,
Rhizoma Coptidis 25-90 parts, Fructus Schisandrae Sphenanthenae
35-150 parts, Os draconis 75-300 parts.

[13] The pharmaceutical composition preferably comprises the
following components by weight:

[14] ginseng 45-90 parts, ophiopogonis 112-135 parts, corni 224-270

parts, miltiorrhizae 200-225 parts, fried semen ziziphi spinosae



4 150-186 parts, taxilli 150-186 parts, rubra 89-100 parts, steleophaga
35-100 parts, Rhizoma Nardostachyos 45-95 parts, Rhizoma Coptidis 45-60
parts, Fructus Schi sandrae Sphenant henae 67-75 parts, Os draconis 145-150
parts. [15PPone1pea? naceuti cal conposition preferably conprises the

foll ow ng conponents by wei ght ginseng 89 parts, ophiopogonis 112 parts,
corni 224 parts, mltiorrhizae 224 pérts, fried senen ziziphi spinosae 186
parts, taxilli 186 parts, rubra 89 parts, steleophaga 75 parts, Rhizom
Nar dost achy g9- B8 partss taxiili 4008 1 86ppdrts, Tubba 39160 parts stedeSphagandr ae
Sphenant henae 67 parts, Os draconis 149 parts. 4‘:16] The phar maceuti cal
conposi ti o85pt @ erpmivtsy dﬂnﬁﬁt@esN&iﬂéOST@Dﬁﬁi% ndxBaprastr. s Rhizpsaht :

[ 17] gi nseng, 45 part s, ophi opogonis 1 parts, carni_ 22 art
mltiorrhi g;ﬁl)tﬂﬁ§ ﬂgr@@,PWﬁﬁeg@%‘%ﬂd’énﬁhﬂ ragpgﬁggg@nt 536615{757,5 taxilli
186 parts, _rubra 8 Ny rdost achyos 45 parts, stel eophaga 35
parts, Rhi Pg‘ﬁtg’ @?p‘?ﬁaglgéiszyggrsﬁgﬂ&g%ct us Schi sandrae Sphenant henae 67
parts, Os ﬂ[ﬁgoﬂhé gﬁﬁnﬂ%éﬁticiﬂ%orﬁﬁési@i‘@ﬁﬁq%effél’famlﬁf cofiprivRar Maeeut i cal
conposition IS capsule, tablet, nedicinal granul es,” powder or oral solution
f or mul at i offollb®3hg Thempoeasaty bynwaightingaissngp8Bvpaits, ohbiapsegasfist he
phar maceuti cal conposition in the preparation of nedi cag.enci for treating

i

supravent rilddl partss ragmhne2d parier ieiliiarrhizach e dats, v iR flutter,
vent 11 cular, foRe LN, JEETRLN © akal orbiact s, $hr s
composi {1 og SeRRRA 1% S PRhPAna R apAGRACh S 1 R o ount. of
70% et hanolC4fidiz- 48 Hapay Tuchys Behidahdred Spheaentherer 6Drpurtg @sf | ux
extraction 3tinmes, pooling the OP0010-10-0653
draconis 149 parts.
[16]The pharmaceutical composition preferably comprises the
following components by weight:
[17]ginseng 45 parts, ophiopogonis 112 parts, corni 224 parts,
miltiorrhizae 225 parts, fried semen ziziphi spinosae 186 parts,
taxilli 186 patrts, rubra 89 parts, Rhizoma Nardostachyos 45 parts,
steleophaga 35 parts, Rhizoma Coptidis 45 parts, Fructus
Schisandrae Sphenanthenae 67 parts, Os draconis 149 parts.
[18] The dosage form of the pharmaceutical composition is capsule,
tablet, medicinal granules, powder or oral solution formulation.
[19]The present invention also provides the wuse of the
pharmaceutical composition in the preparation of medicament for
treating supraventricular arrhythmia, ventricular tachycardia,
ventricular flutter, ventricular fibrillation, premature atrial
contractions, atrial tachycardia, atrial flutter or atrial fibrillation.
[20] The present invention also provides the method for preparing
the pharmaceutical composition, comprising the following steps:

a) adding suitable amount of 70% ethanol to 45-180 parts (by

weight) of ginseng, performing reflux extraction 3 times, pooling the



5 extract solution, filtering, concentrating, drying, and grounding it into
fi ne powder; b) addi ng suitable amount of 70% et hanol to 125-450 parts
(by weight) of corni and 125-450 parts (by weight) of mltiorrhizae,

per f or m ngOP@9-Uxb6eXxt raction 3 tinmes, pooling the extract solution,
filtering, concentrating it into concrete; c) groundi ng 35-150 parts (by
wei ght) of stel eophaga into fine pomﬁer; drying it for further use; d)
addi ng sui tabl e amount of water to 50-200 parts (by wei ght) of

ophi opogonggira8bseARiGar fﬁte(rh‘bg,v\@dnﬁklféﬁtraﬁn%r degingerend Zraupling it nosae,
95-400 parts (by weight) of taxilli, 45-200 parts (by weight) of rubra,

boi | i ng t wimte, fipepbmwdert he extract sol ution, concentrating it into

concrete; poQl i ng.the concrete f st.e ang_.d addj ng t he

g?glrom;)ce?thi CE% &ddr‘l@gp%ﬂﬁbt % r%ﬁ?@ﬂ%ﬁ’ﬁci(?%nﬁthag@?%}ﬁa?zét _ iPAEYS gﬂ(/\eh r from .
er ei Nio _ien EN . onogeni ze

Fovvder to B‘i:eégﬁbaf) Focf'Prﬁlll oacrbcgsl)ﬁt%g’gpt §?ﬁ8¥ﬁ)§; B)ﬂéz}%#@é?&e ﬁ{égﬂﬂ#&%&i ti gn.

21] The r L ' fgri | i by wei ght

of Rhi zorraﬁ %@%@f‘%ﬁ?&@ %%{g[?llcggnpgr{t@fezsbﬁ wei{Ii ??e?aﬁﬁcﬁghég%i Zandrge )

Sphenant he fidterirdh < cpatratinghy inte ghidretd; Rhi zoma Coptidis. The raw

material in step d) further conprises 75-300 parts (by weight)_ of Gs
draconis. [2g) greengdindarad SOnpams Hby wreight phatelsopbagednie dapsiti on

preferably invplves .the f.olLow ng conponents by wei ght: ginseng 89 parts, -
ophi opogoni@"@s g@ﬂpg,“ &Wh}l’\"i\ﬂﬂ‘%‘liﬁarts, mltiorrhizae 224 parts, fried
senen zi zi phi i . r %;Ea%,' i ) FHO s ts,
st el eophaga %%Qgﬁ\?ggﬁ iﬁ%ﬁ%o@}t ost gt:éﬁfggﬁgg@?a}?%sts (%i‘g%lﬁtjéggt idis 45
parts, Fr U%bﬁ?op??ébrﬁ&”@ﬁﬂ@pfﬁﬁ?ﬁm(lﬂ?”%igﬁt) FP0@E8d 18eeh3 ziziphi

spinosae, 95-400 parts (by weight) of taxilli, 45-200 parts (by weight)

of rubra, boiling twice, pooling the extract solution, concentrating it
into concrete;

e) pooling the concrete from step b) and d), adding the
pharmaceutical fine power from step c¢) and the pharmaceutical
power from step a) thereinto in turn, mixing the powder and
subjecting the homogenized powder to preparation process to obtain
the pharmaceutical composition.

[21] The raw material in step b) further comprises 45-200 parts (by
weight) of Rhizoma Nardostachyos, 35-150 parts (by weight) of
Fructus Schisandrae Sphenanthenae, 25-90 parts (by weight) of
Rhizoma Coptidis. The raw material in step d) further comprises
75-300 parts (by weight) of Os draconis.

[22] The preparation method of the pharmaceutical composition
preferably involves the following components by weight: ginseng 89
parts, ophiopogonis 112 parts, corni 224 parts, miltiorrhizae 224
parts, fried semen ziziphi spinosae 186 parts, taxilli 186 parts, rubra
89 parts, stelcophaga 75 parts, Rhizoma Nardostachyos 89 parts,
Rhizoma Coptidis 45 parts, Fructus Schisandrae Sphenanthenae 67



6 parts, Os draconis 149 parts. [23] In the application of the present

i nvention, the dosage formof the pharmaceutical conposition selected from
capsul e, tablet, nedicinal granules, powder or oral solution formnulation.

I n order tO&PYHO-AP-0658he above dosage form a pharnmaceutically acceptable

adj uvant can be supplenented in the preparation of such dosage form such
as bul ki ng agents, disintegrants, |ubricants, suspendi ng agents, binding
agents, sweeteners, flavoring agents, preservatives and the |ike. Bul king

agents i nclljae@, eisadieloniy €4@lpatisni zed starch, lactose, mannitol, chitin,
m crocrystalline cellul ose, sucrose etc. Disintegrants include starch,
pr egel at i n]238} Istthe cipplitatioscof $halpresent invention, the dosage form of

cel I ul ose, sodi uptar boxynet hyl st arch, cros

- 1i nk l yvi nyl l.id ,
| ow- subst i £l eﬁgg%ﬁ%%pﬁo%léwlg%‘sée?%@é sIFq (FZe gé%‘é?teyrﬁrai’i?t:aoggﬁet hyl
[ 1 ul dethe like. i i.ngl : i : di
Godecy! - sufiedigtal grifulgs Hoyhal e b {HGSRORTRIRShE T Urfer SO, 0
pol yvi nyl pynygy dgge, BH%] _rgfds‘é balfhimecal IsHaRceuEEaHs. agaeptabils oxypr opyl
I ndil ng p,

met hyl cel | ul' ose etc. agents | nclude starch pul

pol yvi nyl pydiwvardoosn Hy dupplanentdd intthd prepanakiose oftsuchSdesagaer s
i ncl ude sodi um saccharin, aspartame, sucrose, sodi um cycl amate,
gl ycyr r het ifoim, stich 28 dulldng egenty, ljswntegiants,ubrigasds.csispeading ar i ous

benzoat e, SGRBR BRCINGAENG SHPFIAEheORy OB APRYS: CPRrSRIgEs
hl or hexi di at e, i : , i cal
compos 1 ofigcay Rky AT s ihelNE rafch, ihtmel izt e mmceut | ca

rectifying lﬁabgé,siﬂldﬁhﬁﬂbr,eeflitﬁﬂd Iﬁrc@@@g@mlli@fét welldldue, asgtrole cefg.ent in
nae

cardiac nuscle cell in a'voltage-depe nt manner, and can del ay the

rectifyi ng Ipisirtegrants i0EDALO strehs pBegelatinizad stasah.dnpheoaryseiline al
conposition decreases the excitability of cardiac scl e celt @n& inhibits
the repol accHaosn of SQEHWBN potAMOXIMENT) | n SEHCH ac FRE-ENKed| by

RN o A

potassium chaanghbl c&sdiude BibbgyhfdthyERIMSse and the like.
Lubricants include magnesium stearate, sodium dodecyl sulfate, talc,
silica and the like. Suspending agents include polyvinylpyrrolidone,
microcrystalline  cellulose, sucrose, agar, hydroxypropyl
methylcellulose etc. Binding agents include starch pulp,
polyvinylpyrrolidone, hydroxypropyl methyl cellulose etc.
Sweeteners include sodium saccharin, aspartame, sucrose, sodium
cyclamate, glycyrrhetinic acid etc. Flavoring agents include
sweetener and various kinds of fragrances. Preservatives include
nipagins, benzoic acid, sodium benzoate, sorbic acid and the salt
thereof, benzalkonium bromide, chlorhexidine acetate, eucalyptus oil
and the like.
[24] The pharmaceutical composition according to the present
invention can inhibit inward rectifying potassium current and
transient outward potassium current in cardiac muscle cell in a

voltage-dependent manner, and can delay the rectifying potassium



[25] The present invention also provides the use of the pharnaceuti cal
conposition in the preparation of the anti-arrhythma drugs. [26] The
arrhythm a i ncludes supraventricular arrhythm a, ventricul ar tachycardi a,
ventri cul aOPPQIO{18-8453 ventricular fibrillation, premature atri al
contractions, atrial tachycardia, atrial flutter or atrial fibrillation.

[ 27] The pharmaceutical conposition éccording to the present invention can
inhibit the 1K1 of cardiac nuscle cell nmenbrane, and can reduce the current

density of clifent] B8ld Pharphecntceltosgositon akidreasesatheoexitingbilivy t he
present invention can inhibit the transient outward potassiumcurrent (lto)

of car di ac ofusatdiac etriusetaroedhandainbibitsrthec cepelasizatiohe of nactiowat i on of

the current. [29] pharmaceuti c Co sition accaording to the present
i nvention EACREM; E)Aﬁtlﬁ'ecﬁ f dBEFe 6F tgié TeRikRtiNg éi??i? ARg NSt agsi um

Fect fyi ng BrOpelAf Bl cattihotindlc SR S iRFeiey R PRI T par
of the cur wéntim%q(?/l gf@ﬁfﬂ&aé Phuddle c%ﬂﬁ@&'rk%%%ﬂ{ltﬁignﬂfe pé6laksimbr ane and

the elimnation of ear terdepol ari zati on. e ahount of the
phar maceut ichahnebimosidiae maxdecdlingetibrahe. present invention (by the total

wei ght of active conponents in the raw material) is 3-28 g/day., It can be
adm ni st r af2d] orldee apgesent cpoBDOONO- A3 projridesr dbey use 208" dhgi ded
dosage. pharmaceutical composition in the preparation of the anti-
arrhythmia drugs.

[26] The arthythmia includes supraventricular arrhythmia,
ventricular tachycardia, ventricular flutter, ventricular fibrillation,
premature atrial contractions, atrial tachycardia, atrial flutter or atrial
fibrillation.

[27] The pharmaceutical composition according to the present
invention can inhibit the [, of cardiac muscle cell membrane, and
can reduce the current density of Ix;.

[28] The pharmaceutical composition according to the present
invention can inhibit the transient outward potassium current (I;,) of
cardiac muscle cell membrane, which can accelerate the inactivation
of the current.

[29] The pharmaceutical composition according to the present
invention can inhibit the inward part of the inward rectifying
potassium current Ig; (Tg; current), without affecting the reversal
potential and rectifying property of the channel, and slightly increase
the outward part of the current, which is useful for the stabilization
of cell membrane and the elimination of early afterdepolarization.
[30] The amount of the pharmaceutical composition according to the
present invention (by the total weight of active components in the

raw material) is 3-28 g/day. It can be administrated once a day,



Description of the drawings [31] Fig.1l shows the ex vivo heart perfusion
system (Langendorff perfusion systen). [32] Fig.2 shows the effect of the
phar maceutical conposition according to the present invention on hci
current. AOPEBA9-¢453 B. The drug can inhibit IKI with the concentration of
0.5% C. Effect of the pharmaceutical conposition according to the present
i nvention on current density-voltage®relationship. [33] Fig .3 shows the
features of the current Ito and the effect of the pharnaceuti cal

corrp03|t|01p,r@&(?@bl@| ﬂgzlmdi\hde@rd@sagé i nvention on current. A The outward
current recorded on a single rat ventricular nuscle cell, Vh= -90nV, in
which a pre-stinmulus (-40nmVv 20ns) is firstly given and then a

depol ari zatjon to, +60%a carried out with a step of 10mV, and the clanp
time is 408gscripiions FOHIESt war d current conprises two parts:

Lo et 241 ?Qéolagﬁiog%'. e et pE R e PP AT (L BePlalr o s,

t ot al peakﬁ% ste | ding current, N transient current (.=-). D.
Current de |ty vo age rel ati onship pI ot of the peak of transient current.
bef ore dr[BQltF@ﬂrmhcbws the\f ¢ffectdrafg the ephmnaceuthlaldcuglposlmmmt es Ito,
which is manifested b%/ t he decrease .of current density 314]B 4 shows

the ef fect HGCOIdiagpﬂfi)a heapeesent dnvestipa it iorcurrent A. contro

bt or e dr ugrVBGATEOIE! 1 WB6 HRUKERUETOR DL 06 4 ahliothgr tﬁscl f Ve part

o o R R e e b
current density-voltage relationship.
[33] Fig .3 shows the features of the current I, and the effect of the
pharmaceutical composition according to the present invention on
current. A. The outward current recorded on a single rat ventricular
muscle cell, Vh= -90mV, in which a pre-stimulus (-40mV 20ms) is
firstly given and then a depolarization to +60mV is carried out with
a step of 10mV, and the clamp time is 400ms; the stimulated outward
current comprises two parts: transient current and helding current. B.
The drug can inhibit I, when the concentration is 0.5%. C. The
curve of I, current-voltage relationship. e: total peak current, A:
holding current, m: transient current (m=e-A). D. Current
density-voltage relationship plot of the peak of transient current. ®:
before drug treatment, A: After drug treatment; the drug inhibites L,
which is manifested by the decrease of current density.
[34] Fig.4 shows the effect of the pharmaceutical composition
according to the present invention on the time
dependent-inactivation of I,. A. before drug treatment; B. Drug
concentration is 0.5%; and the inactive part of I, current is fitted
using single exponential equation.

[35] Fig.5 shows the effect of the pharmaceutical composition



according to the present invention on the Ito steady-state inactivation. A
before drug treatnent. B. Drug concentration is 0.5% C. Voltage dependency
of different parts of outward current inactivation. : peak current,

hol di ng cuPeEne-10-p¢53t ransient current (.=-). D. the curve of steady-state -
i nactivation of the transient outward current before and after drug
treatnent, : before drug treatment, A after drug treatnent, the solid
lines in the plot indicate the fitting using Bol zi man equation. [36] Fig.

6 shows thgcedidifip tofthe repdiarimveatibha tieohporatlyotarcirictivationo t he
present | nvention on the recover of Ito current after inactivation. A

Control . BA.befgre dnogritedticnt. Bs Dagosoerirationts 0i k. dopéoliage recovery
after Ito inactivation, .. before dru treat(ﬁnsnt, . . After drug treatnent,
the solid deneadency éll%?rqnﬁdp%ﬁﬁ@ QELVAFY | GIHTERE MALIRIAN- eRponent i al

equat i on. 371 Fig..7 sh he valtage- ] Lnhi bition ofnt he

phar maceut P%Qk %B-FI%thiii'%}m@gil%ch&?&?’t ﬁﬁﬁ%%b%ﬁgé]ﬁﬁgﬁkggnﬁ Qhﬁo?- del ayed
rectifying ' e A i ' izating to
I e S Ve T e
activati on[gfhefbe and wited d@ug’tmlitrﬂelnt,i o bbf@ierdrtig thestnsdritg & gftenea pi g
ventricular muscle cell. B. Drug concentration i s 0.5% the current changes
for a 5s ddragitoeatateniythomulidefioes inndheaplasringicafet theafitibng usmg| - v

rel ati onshbo gl ot (current density of peak tail current (under various test
vol tage) vBOlGUNERgGEPaHSore and after drug treatment. [38] Fig.8 shows

TR e A e T e T

i nvention 'S activa In a manner. A.

VHE - 40V, MIGrdifiBMo fher pReselP iy éiftish bal iiRMrecdoRer @SR dcitrbht a8
intervals. B. K current  and tail current under the sane test vol tage and

ti me after igactivatidRQOA0-Qéntd6b B 1 Drugeednestitrdtarmugs dob%entr #obof 0.5% . C
Ti me- dependent activation plot (peak tail current vs. ti %éof activation
under vari éuBetdependentcracpmerynpfigss dee ingRiieatian. @ ugbelosat #EWg. Detail ed

descripti O?re%t[nfe?l, PLe A& derungogjeg?nqteﬁt, the solid lines in the plot
indicate the fitting using single exponential equation.
[37] Fig.7 shows the voltage-dependent inhibition of the
pharmaceutical composition according to the present invention on
delayed rectifying potassium current (Ix). A, Vu= -40mV, stepwise
depolarizating to 60mV, with 5s duration, and the voltage-dependent
and time-dependent activation of the outward current I is obtained
in a single guinea pig ventricular muscle cell. B. Drug concentration
is 0.5%, the current changes for a 5s duration at V{=50mV before
and after drug treatment. C. [-V relationship plot (current density of
peak tail current (under various test voltage) vs. voltage) before and
after drug treatment.
[38] Fig.8 shows the inhibition of the pharmaceutical composition
according to the present invention on Ix current which is activated in
a time-dependent manner. A. Vy= -40mV, V= 50mV, for a
500ms~5s duration, increased with 500ms intervals. B. Ix current

and tail cutrent under the same test voltage and time after drug



[39] The follow ng exanples illustrates the preparation of the

phar maceuti cal conposition according to the present invention. These
exanples do not Iimt the scope of the present invention in any way.
Exanpl e 1 Op@dJ-10rPpe3 phar maceuti cal conposition is prepared as a capsule to
facilitate the application of such pharmaceutical conposition as a

pot assi um channel regul ator, conprithg: gi nseng 89g, ophi opogonis 112g,
corni 224g, mltiorrhizae 224g, fried senmen zi zi phi spinosae 186g, taxill

1869, rubr gelffent(@hgopbAGEntFAon: D4o) PCeEnas-dopemadiitoaktivatia) ref | ux
extracting fromginseng 3 tines using 70% ethanoln, 3h for the first

ext ract i onplah(peak tdik csermidvaridmenef wistivationt wader yariopsdimegof he ext ract
solution, filterin recovefri pg ethanol, concentrating, drying, and

gr oundi ng ﬁ?ﬂVﬁH@n?bﬁﬁﬂﬁdﬂﬂ£@ﬁe¥gﬂ%iﬁﬁﬁhgpnbse; b) reflux extracting
fromcorni and mltiorrhizae 3 tinmes using 70% et hanol, pooling the extract
solution, filtering, recovering ethanol, concentrating it into concrete,

for furtheDétéﬂegj)degggpﬁgﬁmh@qﬁf@ﬂre&%ﬂ&?dihﬁerﬁsfi ne powder, drying for

further use. wat er 't o ophi opogonis, fried senen ziziphi
spi nosae, ;[39] | The afisllowiig, exadpbes |illngtratésc ehe ppotpargtivhe odx thact _
solution, filtering, concentrating it into concrete, for further use;
pharmaceutical composition” according to the present invention.
These examples do not limit the scope of the present invention in
any way.
Example 1
[40] The pharmaceutical composition is prepared as a capsule to
facilitate the application of such pharmaceutical composition as a
potassium channel regulator, comprising:
ginseng 89g, ophiopogonis 112g, corni 224g, miltiorrhizae 224g,
fried semen ziziphi spinosae 186g, taxilli 186g, rubra 89g,
steleophaga 75g.
[41] Preparation method:

a) reflux extracting from ginseng 3 times using 70% ethanoln, 3h
for the first extraction, 2h for the second and the third extraction,
pooling the extract solution, filtering, recovering ethanol,
concentrating, drying, and grounding it into fine powder, for further
use;

b) reflux extracting from corni and miltiorrhizae 3 times using
70% ethanol, pooling the extract solution, filtering, recovering
ethanol, concentrating it into concrete, for further use;

¢) grounding steleophaga into fine powder, drying for further use.

d) adding water to ophiopogonis, fried semen ziziphi spinosae,
taxilli and rubra, and boiling twice, pooling the extract solution,

filtering, concentrating it into concrete, for further use;



OP0010- 10-0653 11 e) pooling the concrete fromstep b) and d), adding the
phar maceutical fine power fromstep c) thereinto, drying, grounding it into
fine powder, and then addi ng the pharmaceutical fine power fromstep a),

m xi ng andO8di-ty0&ej uvant for the preparati on of 1000 capsul es. [42]

I ndi cations: supraventricul ararrhythm a, ventricul ar tachycardia, atri al
flutter. [43] Dosage and anount: orall, 2-4 capsules per tinme, 3 tines a
day. Exanple 2 [44] ginseng 45g, ophiopogonis 50g, com 125g, miltiorrhizae
125g, fried ggnpBoling the woncesee oG dtapi V)i 2, d), uliddiB®gthest el eophaga
359, Rhizoma rdost.acgﬁos 45g, Rhizoma Coptidis 25g, Fructus Schi sandrae
Sphenant he pharageutdsaldiine puvser7fgm [ste) cptlgrainto;, dnying, rgreunding ref | ux
extracting. fromginseng,3 times using.suitable anount af .70% et hanol, 3h
For | the 11 ioimexiRagavHor, S hor RAdUt Gi, PIAMAREiSAl GNERTUEL | on

pooling the extract.solutio fi ' r ' .

Concent at T el P hiAig o b L v 38Y A BRtEHSh TR0 her use:
capsules.
[42] Indications: supraventricular arrhythmia, ventricular
tachycardia, atrial flutter.

[43] Dosage and amount: oral, 2~4 capsules per time, 3 times a day.

Example 2

[44] ginseng 45g, ophiopogonis 50g, corni 125g, miltiorrhizae 125g,
fried semen ziziphi spinosae 95g, taxilli 95g, rubra 89g, steleophaga
35¢, Rhizoma Nardostachyos 45g, Rhizoma Coptidis 25g, Fructus
Schisandrae Sphenanthenae 35g, Os draconis 75g.

[45] Preparation method:

a) reflux extracting from ginseng 3 times using suitable amount of
70% ethanol, 3h for the first extraction, 2h for the second and the
third extraction, pooling the extract solution, filtering, recovering the
ethanol, concentrating, drying, and grounding it into fine powder, for
further use; _

b) reflux extracting from corni, miltiorrhizae, Fructus Schisandrae
Sphenanthenae, Rhizoma Nardostachyos and Rhizoma Coptidis 3
times using suitable amount of 70% ethanol, pooling the extract
solution, filtering, recovering the ethanol, concentrating it into
concrete, for further use;

¢) grounding steleophaga into fine powder, drying the powder for
further use;

d) adding proper amount of water to ophiopogonis, fried semen

ziziphi spinosae, taxilli, rubra, and boiling twice, pooling the extract



b) reflux extracting fromcom, mltiorrhizae, Fructus Schi sandrae
Sphenant henae, Rhi zoma Nar dostachyos and Rhi zoma Coptidis 3 tinmes using
sui t abl e anobunt of 70% et hanol, pooling the extract solution, filtering,
recoveri ngOPPB0-¢8-padhol , concentrating it into concrete, for further use;
c) grounding steleophaga into fine pomder drying the powder for further
use; d) adding proper anpunt of water to ophi opogoni s, fried senen

zi zi phi spinosae, taxilli, rubra, and boiling tw ce, pooling the extract
OP0010- 10- 86h#idE, cﬁﬁioehtmnngcwmnwﬂdmn@ctnet@ for furtherusel;cr ete, for further
use; e) poollng the concrete fromstep b) and d), in which the

phar maceut i ca) poekingotks ¢omgreta cfyon) ﬂ@pa&ﬂe&ﬂdddllng arhichr daedi ng it

into fine powder, the di ng t he harrra eutical fine,p r fr t
¢ her i nt o, CUiGAY J SRl BOTRE TOM SR a5 nafdi o diving pma o P &

convent!onmﬁ@gl E@g%}@ A 4Elneh SRIe 1800 4RRh 08E &dvﬁngoog, cor ni

4509, milt serren zi zi Spi osae 400 taxilli 400g,

rubra_200g posyd Qe 59Y. tHRPERROR mg@st@fdwmggn%m zge® Copti di's
90g, Fructus Sch| sandrae’ Sphenant henae 150, draconi s

medicinal granules by conventional method.

Example 3

[46] ginseng 180g, ophiopogonis 200g, corni 450g, miltiorrhizae
450g, fried semen ziziphi spinosae 400g, taxilli 400g, rubra 200g,
steleophaga 150g, Rhizoma Nardostachyos 200g, Rhizoma Coptidis
90g, Fructus Schisandrae Sphenanthenae 150g, Os draconis 300g.
[47] Preparation method:

a) reflux extracting from ginseng 3 times using proper amount of -
70% ethanol, 3h for the first extraction, 2h for the second and the
third extraction, pooling the extract solution, filtering, recovering the
ethanol, concentrating, drying, and grounding it into fine powder, for
further use;

b) reflux extracting from corni, miltiorrhizae, Fructus Schisandrae
Sphenanthenae, Rhizoma Nardostachyos and Rhizoma Coptidis 3
times using proper amount of 70% ethanol, pooling the extract
solution, filtering, recovering the cthanol, concentrating it into
concrete, for further use;

¢) grounding steleophaga into fine powder, drying the powder for
further usage.

d) adding proper amount of water to ophiopogonis, fried semen
ziziphi spinosae, taxilli, rubra, and boiling twice, pooling the extract
solution, concentrating it into concrete, for further use;

¢) pooling the concrete from step b) and d), adding the



[47] Preparation nethod: a) reflux extracting fromginseng 3 tinmes using
proper anount of 70% ethanol, 3h for the first extraction, 2h for the
second and the third extraction, pooling the extract solution, filtering,
recover i ng pE0de-fAol , concentrating, drying, and grounding it into fine
powder, for further use; b) reflux extracting fromcorni, mltiorrhizae,
Fructus Schi sandrae Sphenant henae, Rhi zoma Nar dost achyos and Rhi zoma
Coptidis 3 times using proper anount of 70% et hanol, pooling the extract

sol uti on, ?Hamrabegticalec@n@r powerhdranhang , cx aheesintayt idiging amnd o
concrete, for further use, c) groundi ng_stel eophaga into fine powder,
dryi ng t he gsowading d irftor finerparsdew. then ajdiagdihegphatpaccutigalntinef wat er t o
ophi opogoni s, fri.ed senmen.zizi phi spi.npsae, .taxilli,  rubr.a oi ling
twice, poolPOYEER HOMSERA %F‘%ﬁ‘bﬂ&lﬁg}%@ﬁflr%mﬂgaﬁpgi ﬁtlﬁ‘t‘ﬁgﬁn&‘egte, f or
further use; [ concrete fromstep b) and d), adding the
OP0010- 10- %’%’5%03‘?'%E0§f41{§gﬂﬁzga| fine power fromstep c) thereinto, drying
and grounding it into fine powder, then adding the pharmaceutical fine
power fromstep a) thereinto, mxing and formulating it into tablet by
convent i ondxampleod.

[48] ginseng 60g, ophiopogonis 135g, corni 270g, miltiorrhizae
200g, fried semen ziziphi spinosae 150g, taxill: 150g, rubra 100g,
steleophaga 100g, Rhizoma Nardostachyos 95g, Rhizoma Coptidis
55g, Fructus Schisandrae Sphenanthenae 75g, Os draconis 145g.
[49] Preparation method:

a) reflux extracting from ginseng 3 times using proper amount of
70% ethanol, 3h for the first extraction, 2h for the second and the
third extraction, pooling the extract solution, filtering, recovering the
ethanol, concentrating, drying, and grounding it into fine powder, for
further use;

b) reflux extracting from corni, miltiorrhizae, Fructus Schisandrae
Sphenanthenae, Rhizoma Nardostachyos and Rhizoma Coptidis 3
times using proper amount of 70% ethanol, pooling the extract
solution, filtering, recovering the ethanol, concenirating it into
concrete, for further use;

¢) grounding steleophaga into fine powder, drying the powder for
further use.

d) adding proper amount of water to ophiopogonis, fried semen
ziziphi spinosae, taxilli, rubra, and boiling twice, pooling the exiract
solution, concentrating it into concrete, for further use;

e) pooling the concrete from step b) and d), addirig the
pharmaceutical fine power from step c) and step a), mixing and

formulating it into oral solution by conventional method.



Exanple 4 [48] ginseng 60g, ophiopogonis 135g, corni 270g, mltiorrhizae
200g, fried senen ziziphi spinosae 150g, taxilli 150g, rubra 100g,

st el eophaga 100g, Rhi zona Nardostachyos 95g, Rhi zoma Coptidis 55g, Fructus
Schi sandr a®@P&phetbeffhenae 759, Os draconis 145g. [49] Preparation nethod:
a) reflux extracting fromginseng 3 Eines usi ng proper anount of 70%
ethanol, 3h for the first extraction,”2h for the second and the third
extraction, pooling the extract solution, filtering, recovering the

et hanol, concentrating, drying, and grounding it into fine powder, for
further use; b) reflux extracting fromcorni, mltiorrhizae, Fructus
Schi sandr a&xgphplkaht henae, Rhi zoma Nar dost achyos and Rhi zoma Coptidis 3
times usin% Eiﬁper anmount of 70% et hanol, pooling the extract solution,
filtering, PEEOVEISIHRIIMe et hanol, concentrating it into concrete, for

pouder f or et R OIStk e Hizad 204 (1
o cor pool g 1l P o g S T e Tor
further useteleophigpdtig,nBHihemaoiNardostathyos s8@g, Rhiaomhad Comatlsng t he
pharmaceutical fine power fromstep c) and step a), mxing and formnulating
it into or aﬂ|5§dﬁrucuu‘,rswsandxﬁ@rﬁpwnthﬁnmé?g@o@@cmmg%%g-m
[51] Preparation method:
a) by the above prescription, reflux extracting from ginseng 3
times using 70% ethanol, 3h for the first extraction, 2h for the
second and the third extraction, pooling the extract solution, filtering,
recovering the ethanol, concentrating, drying, and grounding it into
fine powder, for further use;
b) by the above prescription, reflux extracting from Fructus
Schisandrae Sphenanthenae, corni, miltiorrhizae, Rhizoma Coptidis
and Rhizoma Nardostachyos 3 times using 70% ethanol, pooling the
extract solution, filtering, recovering the ethanol, concentrating it
into concrete, for further use;
¢) by the above prescription, grounding steleophaga into fine
powder, drying the powder for further use.
d) by the above prescription, adding water to ophiopogonis, fried
semen ziziphi spinosae, taxilli and rubra, boiling twice, pooling the
extract solution, filtering, pooling this filtrate with the above extract
solution involving Fructus Schisandrae Sphenanthenae etc.,
concentrating it into concrete, for further use;
e) pooling the concrete from step b) and d), adding the
pharmaceutical fine power from step c) thereinto, grounding it into
fine powder, then adding the pharmaceutical fine power from step a),

mixing and filling 1000 capsules therewith.



Exanple 5 [50] Prescription: ginseng 89g, ophiopogonis 112g, corni 224g,
mltiorrhizae 224g, fried senen zi zi phi spinosae 186g, taxilli 186g, rubra
89g, stel eophaga 75g, Rhizona Nardostachyos 89g, Rhizoma Coptidis 45g,
Fruct us ScPhP¥HAE-e3 Sphenant henae 67g, Os draconis 149g. [51] Preparation
met hod: a) by the above prescription, reflux extracting fromginseng 3
times using 70% et hanol, 3h for the First extraction, 2h for the second and
the third extraction, pooling the extract solution, filtering, recovering
the ethanol, concentrating, drying, and grounding it into fine powder, for
further use; b) by the above prescription, reflux extracting from Fructus
Schi sandr a&xggmenantshenae, corni, niltiorrhizae, Rhizoma Coptidis and

ol ut on, (38T Arplicmsie SR PHATARABoR AEUNLSTOATRSNT T o
coner et Rhr e S PO R R BBl o g,
e sbove gsper b, Aideg vete, Lo aubangacr sl eciodann 1 o
filtering, simg-¢irmdlideuddtingvactivitye abbve thet r asharsmaaenitival i nvol vi ng
Fructus Schi sandrae Sphenant henae etc., concentrating it into_ concrete, for
further useompasitippsiccaydingetocihecprgsent ivransios, thy faHawang andaahg t he
pharmaceuti cal fine power fromstep .c) thereinto,.grqunding it ., nto fine
Poader .t hERPRERFTS A RIIuE: Pk Hio oA, IHig Seepags Iefi xi ng and
filling 1000, Gapsubfisie! P96 tAg to as “capsule power according to the

present invention” hereafter) .

1. Material and Methods

1.1 Material

[54] 1) Reagents: The capsule power according to the present

invention is provided by SHUIAZIIUANG  YILING

PHARMACEUTICAL CO. LTD. Collagenase II is from Gibico.

Pronase E is from Merck.

N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES),

ethylene glycol bis-tetraacetic acid (EGTA), L-glutamic acid, taurine,

aspartate, disodium creatine phosphate, choline-Cl, CaCl,, K;ATP

are from Sigma. 4-aminopyridine (4-AP) is from Fluka. The other

agents are of analytical grade and provided by Beijing chemical

reagent comparty.

[55] 2) Solutions

) Calcium-free Krebs solution (mmol/L): NaCl 136, KCI 5.4,

MgCl, 1.0, NaH,PO, 0.33, HEPES 10, Glucose 10, adjusted to pH

7.4 with NaOH.

@ KB solution (mmol/L): KCI 40, KH;PO,4 20, MgSO, 3.0, KOH

80, L-glutamic acid 50, taurine 20, HEPES 10, Glucose 10, EGTA

0.5, adjusted to pH 7.4 with KOH.



OP0010- 10- 0653 15 Experinments [52] The followi ng is the pharmacol ogi cal
activity experinent of the pharnmaceutical conposition according to the
present invention. [53] Inordertoillustratethesodi um

pot assi um OheMfNed-o6Segul ati ng-activity of the pharnaceutical conposition
according to the present invention, the follow ng ani mal experinents was
performed using the powder inside th¥ capsules fromExanple 2 (referring to
as "capsul e power according to the present invention" hereafter) . 1.

Material a@ it Berfsdtel fMbidetdctingd Pdkaskiuimeagarns inThe odislel eelpover
according to the present invention is provided by SH JI AZHUANG YI LI NG

PHARMACEUT (@#holZD): Iﬂlml.imalggéﬁasb{g@lgi %.Z,r&GiGSﬁ,cNa}EIRﬁas&EBsf r omver ck.
0l yool bt s Caite b8t s d X EERES LDgteiuanpe 106 iadibelsdringIl ebar t at e,
G ot um oL B BRI B B S ez BT R BRRA BT ST
grade and proyiidedoy B kbRAIdH GO} CRbtebBABEPbtASMRANYurrent in the

whole cell (mmol/L): potassium aspartate 120, KCI 20, HEPES 5,

MgCl, 1.0, K,-ATP 4, EGTA 10, disodium creatine phosphate 2,

adjusted to pH 7.3 with KOH. The electrode fill solution used is

filtered by micro filter membrane with a 0.22um diameter.

® The preparation of capsule power solution according to the

present invention: making the capsule power according to the

present invention into a 5% solution (w/w) with KCl free

extracellular perfusate, then adjusting the concentration of K' to

5.4mmol/L, subjecting the solution to centrifugation and obtaining

the supernatant for further use.

[56] 3) Animals: male SD rat, weighing 250-300g, provided by

Beijng WEI TONG LI HUA experimental animal technology Co.

LTD.

1.2 Methods

[57] 1.2.1 Isolation of single cardiac muscle cell: The single

ventricular muscle cell is prepared by acute enzymatic method. A rat

was anesthetized with 50mg/kg mebumal sodium via infraperitoneal

injection, and the heart was removed by thoracotomy. Then, the fat

and pericardium were discarded in calcium-free Tyrode solution at

4°C, and aorta was isolated and cannulated to perform Langendorff

heart perfusion (Fig.1) with the speed of 6~8ml/min. Perfusion was

carried out for 3 min using calcium-free Krebs solution (the

perfusion pressure was 20 cmH,0) to clear out the blood in the

coronary, then low-calcium enzymatic solution (low-calcium Krebs



[55] 2) Solutions (c) Calciumfree Krebs solution (mml/L): NaCl 136, KC
5.4, MyC1l2 1.0, NaH2PO4 0. 33, HEPES 10, d ucose 10, adjusted to pH 7.4 with
NaCH. KB solution (mmol/L): KO 40, KH2PO4 20, MgSO4 3.0, KOH 80,

L- gl ut am cOB&I¢1®B®3t auri ne 20, HEPES 10, d ucose 10, EGTA 0.5, adjusted to
pH 7.4 with KOH  OP0010-10- 0653 16 (70)The perfusate for detecting
potassiumcurrent in the whole cell ](m"rDI /L): Choline-Cl 136, WMyCl2 1.2,
KC1 5.4, NaH2PO4 0.33, CaCl2 1.8, CdCi2 0.15, HEPES 10, d ucose 10,

adj ust ed t goRitich 4vith tMaCl.00105Mthdl/MPE6htaBaiEE? 014mpfrat kollagennse ent t o
detect Lc. O Electrode fill solution for detecting potassiumcurrent in the

whol e cel | T{ ramal OLO4mgamd spiateases for Mease used, tokperfom HEPESURItINGC12 1.0,

Eéh:T-FFhi’ngSE ettt AT JPundA Sso e D MACBNGOR LRORFMEES  rombr ane
t . , ' f '

ccor di ng. Po ek psedrite REFBH i@iniodre R MBI 2Rl 37y 1
the pr eSenh?ﬁrﬁﬁﬂﬁic%ée“ﬁ%%e@%%ﬂﬂﬁdtﬂhé VEMrioM1aAtibde Wa@.;ﬂ%?ﬁly acel | ular

per fusat e, en adjusting t concentration of ICto 5.4mo subj ecti ng

the sol uti emrt evicknophthabaic cweendrotnd slowlyt ppstedrwithamtidedip f ur t her
use. [56] 3) Animals: male SD rat, weighing 250-300g, provided by Beijng
WET TONG Lpipaite éxplatach sasdiagninverle eellispayparhac mpscle tissue to

obtain single ventricle muscle cell. The supernatant is filtered by
nylon filter (120 meshes/inch), and the cardiac muscle cell is kept in
a tube filled with KB solution. The temperature of the whole
perfusion system is kept at 37°C, and all perfusate and KB solution
are saturated by 100% O, for more than 30 min. The cells were left
at room temperature for about half an hour to recalcificate to
0.25mmol/L, and then kept them on room temperature for future use.
The isolation method of guinca pig cardiac muscle cell is
substantially the same.

[58] 1.2.2 Experiment of whole cell patch clamp

Before the experiment, small amount of KB suspension with
abundant cells was pipetted into 0.5ml perfusion chamber and left
still for 5~10min. Once the cells precipitate and are attached to the
chamber, surface infusion (with the rate of 2ml/min) was performed
for 5~10min with extracellular fluid saturated by 100% O,. The
uncontracted cells with clear border, smooth surface and clear stripe
were selected under inverted microscope (OLYMPUS [X70). The
experiment was performed at room temperature (22~24°C). The
channel current was recorded under voltage clamping by standard
whole cell patch clamp. Patch clamp amplifier (Axopatch 700B,
Axon Co. U.S.) was associated with the computer through A/D and
D/A data converter (Digidata 1322, Axon Co. U.S.). The software



1.2 Methods [57] 1.2.1 Isolation of single cardiac nuscle cell: The single
ventricular nmuscle cell is prepared by acute enzymatic nethod. A rat was
anest hetized with 50ng/ kg nmebumal sodiumvia intraperitoneal injection, and
t he heart WEYLIPehPA?@d by t horacotony. Then, the fat and pericardi umwere

di scarded in calciumfree Tyrode solytion at 4C, and aorta was isol ated and
cannul ated to perform Langendorff hedrt perfusion (Fig. 1) with the speed
of 6-8ml/ mn. Perfusion was carried out for 3 mn using calciumfree Krebs
sol ution ((pElaapensi®o, poass e WeS.) 20mrollddh¢ caphweroDstimiuies bl ood in
the coronary, then |ow-calciumenzymatic solution (|ow calcium Krebs
OP0010- 10- sg88l 1andonoltaga, wurrerdadnpot gagaal. / Thec ehuaknghapso tulpgy/ mi

por fusi on. (FAAA 20 UKEPT PSR Re SrnRES AF SRAY I IEAHEUNTET f { syt om
pl aced i nt g . ({00 LRI AIUGEIeK B30y USLAB: ddSya ) halmapdigar di ac base

ti ssue was e ven i ssué was g€ y’torn w opht hal m ¢

tweezers apgdspaIdhedonpel fgckotbide Wetent (WIRBBE! Narishigde(as.Tapanyli ac nuscl e

cell fromcardiac nuscle tissue To obtain single ventricle nuscle cell. The
super nat anfeadingi tot theediametey bbthé itipt 2+3 A2 0l sé¢mestanoe i clectdoddre car di ac
muscle cell_is kept in a tube filled with KB solution. The tenperature of
the whol e g8} fednBansysaserh.ps3MG: Adter7ehe spRMpensHEen y aw; aNas KB

2t Toom t okparodPatk Gt theateShofEufo g iyl fo SR si846% 5ol 1,
o a0 th 00 L ORMIGHA Hhahihflaldh (OHHE 1Bl seewiaiPifie' On "Bt hod

of guinea pig cardiac nmuscle ce e sane. 1.2.2

Experi ment sgh| yhodtaneeldboRat TR Bhe fBef eagadibe vexpeompenkatetnahd anount of
KB suspensi on with abundant cells was pipetted into 0.5n perfusion chanber

and | eft stelll niembfarkOnvas bdokent tee gewierateptleeiwhole eelndecordingt ached to
t he chanber, surface infusion (with the rate of 2ml/nin) was perforned for
5-10m n wi 1ROLStAQMMPED $Him; twwaaw@\ﬂgiedoﬁ%@get%%&ﬁ@ract ed
cells with clear border,. snooth.surf a stri e; Sgel.ected
under i nvetc?Bﬁcw’cr o@g (%%9%%8 qf?(%? %bg%eerfsmcﬁc%@dpeﬁ{or med at
foom e"De@h%qgé/f%xmc)rhahﬂo%aeaﬁacwr CBRipeRH ioRC AP didtiden Vol tage

t
cl anpi ng by standa ol e ce pat ch clanp. Patch clanp anplifier
(Axopat ch 78iBlapRsoroBpendation wass asdjosteat B0M~I0% heo cosdueeerthe hrough A/ D

and D/ A data converter (Digidata 1322, Axon Co. U S.). The software

OP0010- 10- @es®nt and clamp error due to transient charge and discharge.
Signals pass through the fourth-order low pass Bessel filter with the
cutoff frequency of 1kHz, and the sampling rate was 10kHz.
[59] While recording, ATP was added to the electrode fill solution to
avoid the influence of current decay, and to finish the experiment
within 25 min after the cell membrane broken. Based on the protocol,
the prepared drug solution was perfused to cell perfusion chamber
by a peristaltic pump with a constant speed of 2ml/min. And then the
waste solution was sucked out by a negative pressure suction device.
5min after the membrane break, the current before drug treatment is
recorded, and Smin after drug treatment, the current after the drug
treatment is recorded. The obtained data was stored on the hard disc

of a computer for further measurement and analysis. In order to

eliminate the statistical error between cells, the value of the current



18 (pd anmpex 10.0, Axon Co. U.S.) controlled the capture of stimulus signal
and voltage, current input signal. The chunk gl ass tube (provided by
Institute of Physics, Chinese acadeny of sciences) was made by

m cr oel ect OBAEOpUP4SEr (p-97, Sutter Co. U. S.) with 4 steps, and polished
with mcroforge system (M~830, Narishige Co. Japan) l|leading to the
dianeter of the tip 2-31.1m The resistance in electrode fill solution was
1.5-3MQ After the conpensation liquid was charged with potential, the

el ectrode tW4xs p@%eﬁmde@lg torreat Heﬁgntj‘; &pd/pFp the three-di nensional

mani pul ator, formng giga seal, with the seal resistance above 1G2. The
fast capaci[69] wh.Q.EoffgenslaS@l afd aastentnshivnalationaschenlesnand dhderate the

\c/i!]erilelre;n:/ﬁl\ L@hes%:svraﬁkﬁﬁcin o aﬁd%ﬁ%“ésriéﬁﬁéﬁéig”?wgﬁérhénf%’znﬁﬁﬁﬁéﬁbg‘?@awéﬁPat ed by
comensat i dP90E TERGERTSHN B8 oto B AR TRATRICT IR S orror aue

to transie ' F00R, StiasRation feglehby 0. 2HZ h- or der
| ow pass ngﬁpe???’tglr%%\#t Jt:j%feeafzbunt on9 frequency of ﬂ;éEHS bgnd t he sanpling

rate was 1@kélobskB8itidthiddex 'EC@EOEh@geA(TPcmaaﬂdadenbdehsityloefdkli ode fill
solution to avoid the influence of current decaé and to finish_the

experi ment (wheer thetestivoltageer 1 Q0 Voebefore mndhatien dsugrireatinead; ) t he
t I, t edd | uti f d t | | fusi hanb
by e per | stth cPETHaHENac TS Coh b CRAIES LEF St g ToARBORAER: T he ot e
o] . . DR e T
he menbr IR Rttal YD ST, R IR CHOMVORGSY el " Bt e

after drug g RpbiEMatiddetiHulgnofal4®nV-Des0ng fsr eatri@htouts stegor ded. The
obt ai ned data was stored on the hard disc of a conputer for further

neasur enent] (an¥, ehahping durationddd0ms, stimmilative frequeney i2Hzalther r or

bet ween cells, the value of the curr%%t Qggoow- 18-06539&\% V\fis resented as
current dediseyvation prgex psthe ehange phecgkseynent densite ot Lot (UAdCE: i on
schenes ang, th bservat i Lndexe 1) the imylati r | KI
recor di ng: qh%l%Sﬁgvﬁ%%t@pmﬁffﬁw)nﬁnﬁcgﬁ%mr ttgﬁ?ﬁ%%%%ﬁb’ew step

10m: ol Ay iR | QhefQ0 Thor SHdBRE O, SRAUENGHO- Bifivatiprbser vat i on

on 2
i ndex is the change of constant current defisi I'x: (under the test

vol tage - 1{{yifind ¢loremtigindOGdNer a diregstimedingA00nR) wae giviemufiatrhon schene
for recordi n%ﬁl to current-voltage rel ationship: hol ding potenti al

(Vh) - 90nV, -42PpmeV doi6mVswithabom \bstap, thew clarap 2t cfupdi fori 3Amsrost i nul us
of -40nV-+60mvV i carried out, steg 1%\/ cl a?'bnﬁo dur a io& 400ms,

stimul ati ori’e??’@lq eneYTENG -BAd (GUNPRES 1)t SN QEX0TCs ARH AILEL (GBEof peak
current densi Jte ( er i % 6 n fter drug
treat ment; q?%atth?g‘ft’st iﬁjl Laiﬁgonsé&ﬁg%fﬁahor glffé%glr%di ﬁg}? t%%fg? @@@3- g[p gt e

i nactivati Qnel j 0 [ -0V, .8 PR BN US (4OOBR)}pMRE gi ven
from-lZOnﬁ/ﬂtng%égr%rlﬂ\%nPhtr%ﬁn\{/ tep, thIetn clanp at 60mVv for SO%ms to record
| to curr entstinanhisc enpapévéme theriading epoteatiahdwas t- SOmMughenetwvoent ; 4)
the stimulation scheme for recording the tine-dependent recovery after Im

i nact i vat i alepodadizaibdr-spiarslissite htny, whrapne)0mpk Popad A2 poitenti al was
-90nV, then.two.depol ari.zat i ti mul to 64my, .d i P1 and P2
were gi ven BINCR RS 3F 6 Mowing Thieasils iRrvAR (ot & G 1 g s 7 0.
15, 20, 30,440,346 01~4508,z418 2 . k
20,930.°40, B9, 66.°124°4:50:5080 %goa_é%@ﬁe%pt? (gﬂ&@; 'J;%Je‘%eaﬁa current

anplitude I Cof Fespdndrrng t 0 P2 'Was recorde recovery
after steadynpdit fmipliacdé [atd@Bsp@madiiRde 82 Waknsovdedit The)plbbaf

vol t age- dependent activation of 1k is determ ned: VH=-40nV, the

depol ar i zattherepaseyaafteresteady-staennadtinetignasaaimade as Hdoax v t4l. t he step

of 10nV and the stinmulus wave wi dth of 5s,_when back to VH, hold.2.5s to
record tai I5)cihe switageydeprndentactizptioned 1k a:@@tfmli@e&ﬁ;ﬁmd\/,

the depolarization was carried out from -40mV gradually to +60mV

-

with the step of 10mV and the stimulus wave width of 5s, when back

to Vg, hold 2.5s to record tail current. 6) The time-dependent



20 activation of IKtail current (envelop of tails test): VH=-40nV, the
depol ari zati on was carried out to +50nV then back to VH, 10 conti nuous

pul ses were given with the wave wi dth of 500-5000ns, increasing 500nms each
time. 1.3 DEeMO-&MEASysis and statistics [61] The raw current data was
detected and collected by dampfit 10.0 (Axon Co. U. S.), and the collected
data was anal yzed, fitted and pl otted usi ng Oigin 6.0 data process
software (M crocal Software Co. U.S.). The data fromthe experinent was

present ed agtivRAOn of apdalldceerhaienvelop of tapsitesid: Mii=edOmls tiper f or med
for the before drug treatnment and after drug_treatnent group. The

di f f er ence depokirggatiorc amas i darpied. @8It T FRGWIV st@nlbaﬁkgéﬂf et B the

Fat car di a€ontiseRs qullsesaiane den S3ith ANeAPdr YR Yhs 00 -» HUBRS cur rent
ot vat | SR TE OB T thg pot ent i al (Vi) - 40m, command pot ent al
0. 210 (sed g R s & be coml ot el y bl ocked by I ol /L
BaCl2, i ndi[éii! T thwt clfrent datewasvdstédtdd ramt doHactedobyt Glarhpticur r ent

decreased as the depolarization occurs, the reversal potentia s about
-40mV (wi t HO0tBéAmompeot 1bS. Jorndihacellestad datar yas aralyrsgs E{t*éeépéagr

oo Um0 S S e G BB GR GS R (VBB pfibgeel v
o0, PSR BRI (RS, 230 fRtingR S BBl o
e S enbARTELGRen o RyniR Sesstess b Bt on o
drug treatment and after drug treatment group. The difference is
significant if P<0.05.
2. Results
2.1 The effect of the pharmaceutical composition according to the
present invention on the Ix, of rat cardiac muscle cell membrane
[62] A rapidly activated inward current was recorded on rat single
ventricular muscle cell, without obvious inactivation within 400ms
(holding potential (Vh)-40mV, command potential -120mV~0mV,
step 10mV, clamping duration 400ms, stimulation frequency 0.2Hz)
(see Fig.2A). Such a current can be completely blocked by 1mmol/L
BaCl,, indicating that the current was Ix;. The inward part of the Ik;
current decreased as the depolarization occurs, the reversal potential
was about -40mV (with the properties of inward rectifier). The
capsule power according to the present invention was resolved by
potassium extracellular liquid into a 0.5% solution which can inhibit
I, (see Fig. 2B). Under -100mV, the average peak current density
was -10.78£1.80 (pA/pF) before drug treatment, the average
inhibition rate was 33.1£16.85% (n=11, P<0.05). The current density

under various pulses was plotted as the function of corresponding



21 nmenbrane potential, generating an |-V plot. Under every command current,
the drug can decrease the current density of In, while the reversal
potential and the shape of the curve remai ned substantially unchanged (see
Fig. 2C). APPEP-14PSg treatnment, In current was inhibited under every

cl anpi ng vol tage, manifested by the #mvi ng-up of the current

density-vol tage curve, w thout signi ]icantly af fecting the reversal
potential and rectification. 2.2 The effect of the pharnaceuti cal

conposi t i o anbeLd mtémialbgeneﬁm‘g annk-8hpien bnd¢thevédyocofmmand car di ac
muscl e cell nenbrane 2.2.1 The effect of the pharmaceuti cal ,conﬁosi tion
accor di ng tcortemd, thedeng dan daeteane dhet trreriodensite mi- ko) vdyde they) curve

g
Pt o R, CAE ) e By ol 3 LoBc e ©

stimul ati onnATIREENGHRAYRS eQeRZ clé'ihgiﬁ?%'t WalehoRO! afghifERtedr rignt thecor ded in
rat ventricular nuscle cell conprises tTwo parts. One part is transient

current HOmbwing-apr apifdl theactdura¢mtd alessityacoitage edcurwiet h withicastp " A"
shape, which becones active at OnV and reac_his t he ﬁfak_at about 10ns, and
then becomsighificentlyeatfegting the reversalpetgnsiphaadeetiiigatiodns. The

[ i i i ' . | -..and tine-d . Th
Curront cadBoTbb et arl Oy PRRaRs TG SondbSua acoRing RE MRS Current
current car-be Bopl &t ety '8 66RE i ¢ th
et vai ed BTG PERHoR D BIChEOLER CHOLR et O MR bl L h | T0- s0my

(see Fig. 3 1CThe ¥ffe@Usf g pHaRahtsutidfonposvioh acdadingas theotted as
the function of correspondi ng nenbrane potential, generating an |-V plot.

Transi ent quesanttinventionlamthd k, omrentacliagediHbY ) agrveng mai nt ai ned current
frompeak current. The . @%%% 1g-0653 ﬁZ 0. 5‘{3 ca sulr power sl ution _
accordi ng 631 Adepewssum phaanebgxbasellularmnd padocelviapreeqdngi . 3p),

t he peak current decreases e t t i.S..0- he |-V
curvg i's nﬁ\(?ﬂ‘ﬁtéoﬁo‘om.s Wk ’%rﬁ%@ﬁ&ﬁéﬁ?ﬁé@in@gﬁb V:‘?ﬁs égme@?%aéed from
-19.82+7. 1 %%.H o' 2 ( p it h hiiBhbi tion
rate of 50?’&& giﬁ% &i%ﬁl\&%@ (‘?éée %lvg(?%“[))thehrhg ﬁ c(fligf\?gaggirlt of Ito
is fitted wsinighsi 6§l @0enWonentb6@m\equmithon stepobf aidmdhe dlampingnst ant  of

ti me-dependent inactivation (t). The E‘har maceuti cal __conposition accordi ng
to the preshmatipnveas H80mnstgdkitionatiequeacy naes hvdzohhefoutwardur r ent

(see Fig.4), the ir value before and after.drug treatnent are 29.06+4. 66
and 21, 44+ 301aSSInEL GUEEN] aPgORdedsin mab veBjriculas musele Sl eRmPsiSeine

phar maceut L6al pERIPPRL baR RAEAAARP chifreBLEY BRAMS daBYAY AcivARd! he 1t

st eady- st at
and inactivated, with a sharp “A” shape, which becomes active at

0mV and reaches the peak at about 10ms, and then becomes inactive
rapidly to a steady-state within 200ms. The activation and
inactivation process are voltage- and time-dependent. The current
can be completely blocked by 2mM 4-AP, indicating that the current
is T,,. The other part is maintained current (Imaintsinea), Which 1s
activated at -10mV and increases as the voltage increases within
-10~60mV (see Fig. 3A, C). The current density under various
pulses was plotted as the function of corresponding membrane
potential, generating an I-V plot. Transient current, i.e. L, is

obtained by subtracting maintained current from peak current. The



[64] The stinulation schenme for recording Ito steady-state inactivation
are: holding potential -90nV, a pre-stinulus (400ns) was given from-120mV
to 60nV with a step of 10nV, then clanp at 60nV for 300nms to record Ito
current, aRB0UoHErSé the current before and after drug treatnent (Fig. 5A,
B). It can be observed from obtained_current plot that the inactivation of
outward current can be divided into Ao parts, the inactivation of

mai ntai ned current with |ow inactivation voltage; then the inactivation of

the peak c@f%ntapddld poveet sylttiomayadridige tbithberesbmnirtventiosr ot one. The
anplitude of |to depends on the difference between the peak current and the
mai nt ai ned inhibiths cheent(see Higt3B)cthe peak evrreptidesrgasey wher thehe

anpl i tudes of each currgen es d I zed, and each nbr a otenti al
PP ol ot t od U8 HoRB%E s QIb9mS: 7 ABR A NG e b M 188 AP pEne

st eady-sta .hact i L.on e, -} ' [on ta 1 and sl ope
fact o%/ of %ﬁgf%acélﬁ\% ﬁoo(é]éi%% veat?%dméﬁg%%éggﬁéécfpbgr\é itt IP%QSQV%]?'[%O Bol tzmanlr[:
equation ( dolog=xp Y, } OROLPH 23 5D).
The 0.5% cggégﬁgf%mgg' sol dl?igo a%c?g %%k?%%vﬁga%r eseﬁ“?ﬁﬁﬁ%?gn resajl ts
in the | ef SOnGOLM@TT%H(nE6o psedily (sl ip. 3PgcTheanaonve paveof bj ih an

i ncreased sl ope. The V112 before and after drug treatnent were -15.672.52nV
and - 26. 451dte@Buring singe axpsmential \eguadiopntm btain: e Hme eonstant o

6. 38+2. 02 =7, P<0.05 Ei g. 5). .3,.Th ffect, of the.,.
phar macout PLAMEARRdes gD ko) o i Bl Rb BN, Eeirdfition  ne
Grvenc 1 e dREfirdthb o HOptBhit iAo cAnladoetult hoMadivtdit bf?, 185
ot oaal ng e SUrRmUAITT 17D, A8 TRAIRE defortFand eyl Uil et g 20

[ i Vv =1 3, 5, 7, , , , , , , , ,
150, 180, gm®2925@;4.66mr(drﬁl.44E$Belbemspeuﬁveh{ (rerpl P€0H8)1 corresponding to
P2 ded. Th | ot of t ft Steady-state i tivati
s o 16 o £ The | tCaS fhe PIMENSUVEA SOmPoERoB AdaTINe thdhe o O

cyponenL ol COuRt 000 ol ! Sabl o oS Ak s S0 verY, cprve (7.
o o1aed AT OOl Cu iR AT RRROSL, (e, 2 2 T
on the | K ¢hadtivatien pirg: ¢aildime potestial c20iV, a pre-stimulus (400ms)

was given from -120mV to 60mV with a step of 10mV, then clamp

at 60mV for 300ms to record I, current, and compare the current

before and after drug treatment (Fig. SA, B). It can be observed from

obtained current plot that the inactivation of outward current can be

divided into two parts, the inactivation of maintained current with

low inactivation voltage; then the inactivation of the peak current

with inactivation voltage higher than the former one. The amplitude

of I, depends on the difference between the peak current and the

maintained current measured at the end of test pulse (Fig. 5C). The

amplitudes of each current were standardized, and each membrane

potential is plotted as a function of corresponding current to obtain

the steady-state inactivation curve. Half-inactivation voltage (V.)

and slope factor of the inactivation curve (k) is obtained by fitting

with Boltzmann equation (I/Imax=1/{1+exp[(Vm-V,)/k]}) (Fig.



[66] Fig.7 shows the recorded outward current 1K, which is activated in a
vol tage- and ti ne-dependent manner, in guinea pig single ventricular nuscle
cell (VH= -40nV, depolarization to 60nV with 10nV step, for 5s). The

phar maceut PR@I0-tL¥RSdsi ti on according to the present invention inhibits IK
current in a voltage-dependent manner, (Fig. 7C). The observation index is
the recorded | K when VT=50nV, when tHe drug concentration is 0.5% the
current density of peak tail current decreased to 30.7711.11% ( n=5,

p<0.05). F5®)8AThe WG9 0caiklé5g0R4r Blhtioh hbeoddingaid therpestnactivated
along with tinme by the envel ope stinmulus scheme, as well as the inhibition
of the drugmemtiomeesidiseindéhe left svavementiof ko, sfemy-siadg madivation s found to
i ncl ude two type

S,..lto (which iis sensitive .o 4-am nopyridi ne,and
| nsenst t i vEUINE ith it JATeated: Somcei Thy Yna DeBignagl pater dRiE

cal ci um de c I eaffei : pr esent
st udy, theP%ggﬁghk?&ﬁec'ggcgﬁ%?%ﬁd%ﬁacgﬁéﬁﬁin?' §§§{p‘?’e%§ﬁ’)§°‘é{ggl t EGTA
(10mml /L) vhfuePb RSl $ArH13.21+0787 16%. PRED Wale=T 0pLei ed Figmol /L

cal ci um bl gcker Cd(%. Thus, ‘the transi ent outward pot asas?u(% cur rgTenr)lt
recorded i §)this study does not contain the Iw2 part We have observed in
present study that the pharmaceutical conpositiqgn according to the present
i nvention @ah3sTaniefiesa | thei phammaceptisal cpapesdtiion; aneosding to Mg ari se

f the infl f.phase, 1 larizatj L tential,
par | cul ar PSRt peciidh A hoeEREr o resatn L TGS RR < and human

tc.), t L1 , - t i i bl
For 1he. unkoeh ¥ AoBRpUIsE SRIRS vt Bilen, tf: RBIdIaPHbIRT WeaPONSs D! ©
which will -9@1@1%%&1@&%@&}@@1&{@%%@@&@5 flo semlV,rdapation 260mey, and

limt the formation of trans-wall reentry mcro-circle, to avoid arrhythm a
such as toPdaated Plewprs givem iretumi atuiodlowinghincaeatiing entervalsr (4)1tl,y, there

gf"?nf’ﬁi{‘ R @{“’i‘%ﬂ%b;]é%;% XA %b;‘ﬂa??‘f&& 380e0b28he W0RED. of The
I K i i i i i . I K

current 1 n 150 nk preps AR R PR BRETh a2 NRdePafifd TSt vat e

and sl owl YL oF e deOiifory \ERtE 8tdad-@td ikt itlon G fifflcoss e er test

pul se as a‘observation In corresponds to the slow y-activated

part of I KIAM&R .veActmallhe, cures heditted abpg usitigeaingle 'd<Ppoplcayial a maj or
role in repolarization. W observed in the study 0OP0010-10-0653 25
equation to obtain the time constant of the recovery curve (t). When
the concentration of the drug is 0.5%, the recovery time can be
prolonged from 12.86+0.31 to 18.52+3.76 (n=5, P<0.05) (see Iig.
6).
2.2 The effect of the pharmaceutical composition according to the
present invention on the Ik of guinea pig cardiac muscle cell
[66] Fig.7 shows the recorded outward current Ix, which is activated
in a voltage- and time-dependent manner, in guinea pig single
ventricular muscle cell (Vg= -40mV, depolarization to 60mV with
10mV step, for 5s). The pharmaceutical composition according to
the present invention inhibits Ix current in a voltage-dependent
manner (Fig. 7C). The observation index is the recorded Ix when
V4+=50mV, when the drug concentration is 0.5%, the current density

of peak tail current decreased to 30.77+£1.11% (n=5, p<0.05). Fig 8A,



that when the drug can inhibit IKwth a concentration of 0.5% l|eading to
the prol onging of MD and thereby exerting the anti-arrhythma effect during
tachycardia. [69] The inhibition of the drug on the inward part of IK
current isORPEG1HPServed i n present study, without affecting the reversal
potential and rectifying property of_the channel, but slightly increasing
the outward part of the current. Alt%ough there is no significant

di fference between such increase before and after drug treatnent, the

i ncrease off shewsuhedy daflanirrait ddfivated abswgetith timee bgrmhleaafrmeébp@n of phase
3 action potential of cell, and it facilitates the cell nenbrane
st abi | i zat istimuleisi schamss e wall| ypsafther depihitionz ot oheardrugnhomi ts t he

arrhythm a causgd by trigger ne anl sm [70] Taken togethre, the 5%
sol ution pitépardepesflently %‘*&B@&‘F‘g owder according to the present invention

can i nhi bi G fas. r 2n - war d

pot assi um iﬁ?fﬁ‘{"g t]t’kl% Itt‘-‘\/lgl ﬁog&dptg’epewg}&ﬂ tﬁ]’ﬁ g%é‘}lﬁé 3%%8?%“ I fying
pot assi um gy r4-%ﬁhno§gﬁﬁ%ﬁ@raad irfse ASHIVRXRS thd E&@trﬁé@llulﬁf rdayélhm)aaﬁaf ects by
decreasi ng the exci cardiac nuscle cell, inhibiting the

repol ari zatIgog(mmchqeamlommelemndand iaad carsbeeloeked l:@ndaﬁemfaoangai ng APD.
OP0010-10-0653 26 CGlains 1. A pharmaceuti cal conposition for regulating the
pot assi um éranpeln the @éﬁﬁl‘écﬁtﬁﬁﬁﬁﬂtﬂ'@eﬂrﬁ l@bn@@m%q%att% Olfcﬂﬂl@Wn'rhg

125450 pacSlblRii &g%a?sﬁﬁ?rééuﬁan&m in? BIRsH Sl Bt €l nosac
oo re) DA R A coluainis 191 SPRIBINT Klchu P HHIGAACHTL IR0 AR, 95 150

parts. ar maceut i cal regul at’ing“t he pbdtassi um
channel Intﬁaafs%xﬁCoWdepsﬁsbuﬁﬁQﬁfrﬁeﬁwréc@rdé@uﬁlthls &wd;habemmorl sing the

foll ow ng conmponents by wei ght

contain the I, part. We have observed in present study that the
pharmaceutical composition according to the present invention can
significantly inhibit I, the reduction of I, may arise from the
influence of phase 1 repolarization of action potential, particularly in
species with higher I, {(such as dogs, rats and human etc.), to prolong
APD. In addition, I, is the major current responsible for the uneven
trans-myocardial wall repolarization, the inhibition of which will
reduce the uneven trans-myocardial wall repolarization, and limit the
formation of trans-wall reentry micro-circle, to avoid arrhythmia
such as torsades de pointes ventricular tachycardia etc. Currently,
there has been no 1, channel-targeted drug among the
anti-arrhythmia drugs for clinical use.

[68] In the present study, we observed the effect of the drug on I
current with guinea pig single cardiac muscle cell. The Ix current in
guinea pig can be divided into 2 types: the rapidly-activated and
slowly-activated one, we use the tail current recorded 5s after test
pulse as a observation index, which corresponds to the

slowly-activated part of Ix (Iks). Actually, when heart rate increases,

Ixs plays a major role in repolarization. We observed in the study



Rhi zoma Nar dost achyos 45-200 parts, Rhizoma Coptidis 25-90 parts, Fructus
Schi sandrae Sphenant henae 35-150 parts, Os draconis 75-300 parts. 3. The
pharmaceutical conposition for regulating the potassium channel in cardiac
muscl e cel IOPAHEDP-85Ag to claim 2, conprising the follow ng conponents by
wei ght: ginseng 45-90 parts, ophi opo%oni s 112-135 parts, com 224-270
parts, mltiorrhizae 200-225 parts, fried senen zizi phi spinosae 150-186
parts, taxilli 150-186 parts, rubra 89-100 parts, steleophaga 35-100 parts,
Rhi zoma Narthgrs twedty ale 485 cpar irthibRhiz owithCaptondentdfii®d afadiSko, Fruct us
Schi sandraecgf.henant henae 67-75 parts, Os draconis 145-150 parts. 4. The
phar maceut ileadingortpoghei gwolanginggwfatARY t ared ptherebyuexerangelthe n car di ac

muscl e cell accordi,ng.to.claim.2, conprising the foll ow ng conponents by
wei ght: gi @%@“&Wlﬁgﬁ §ff%8€14}”3889téﬁ CarfBa.narts, corni 224 parts,
mltiorrhi 4.S: L] S i i phi i 86 getaxilli
186 parts, ngkﬁ’%gﬁ{d@?‘%‘%ﬁ dggﬂeegﬁggl %Dgg‘?@gi B I §gi ! ﬁgflrg%%tlsachyos 89
parts, Rhi 1@40 I diva tHSutP I fFsotin UgleU s iafandr ae
Sphenant heﬁgée@ég%%t@g, %aﬁg%gglgn?ngAQ parts. 5. Tlhde_g phar ngfgtytai cal
conposi t i opdtentialegiricat rougify ey ppresatynof hdmethinnaar biutcslnglstty e cel |

according to claim2, conprising the follow ng conponents by weight:
gi nseng 45 ipeieasing ghe opeiyeHids patt of athes cu i AAPaoYRh (1HeTeiiBtNdr r hi zae

220 S TR AL TR, S Rl B e 2
Coptidis 4 - - 2 y _
125 pr - AR 0 B OB EARCR VAR pSEge 2

L3 iAol b ickion pACAR S it e <o

cell membrane stabilization, eliminates the early afterdepolarization
and inhibits the arrhythmia caused by trigger mechanism.

[70] Taken togethre, the 5% solution prepared by the capsule powder
according to the present invention can inhibit inward rectifying
potassium current and transient outward potassium cutrent in a
voltage-dependent manner, and delay the rectifying potassium
current. Therefore, it can exert the anti-arthythmia effects by
decreasing the excitability of cardiac muscle cell, inhibiting the
repolarization process of AP in cardiac muscle cell, and prolonging

APD.



7. Use of the pharnmaceutical conposition according to claim®6 in the
preparation of medi canent for treating supraventricular arrhythm a,
ventricul ar tachycardia, ventricular flutter, ventricular fibrillation,
premat ure &PPRIAI1I0-6@Atracti ons, atrial tachycardia, atrial flutter or atrial
fibrillation. 8. A nethod for preparing the pharnmaceutical conposition
according to claiml, conprising t he?¥ ol | owi ng steps: a) addi ng proper
anount of 70% ethanol to 45-180 parts (by weight) of ginseng, reflux
extracting 3 tinmes, pooling the ext€Chgitmsol ution, filtering, concentrating,
drying, and grounding it into fine powder; b) addi ng proper anount of 70%
et hanol to 1122 4phamaaceitida) eeingps)tion dor nlregaﬂathS%mSOp(p@Sﬁlsll‘i(lby wei ght)

f milti hi fl t ti 3t , li h t | uti on,
Fi1tering, chaRBeht it | FRydiAC | Aeseléncrele: comEngT oihgos odaRing)” ' "
groundi ng 35-150 rt I ght) of stel eophaga into fine powder, drying
t he powder CP(S’W?%‘?‘%R?S’&%ZE% d) addi ng proper anount of water to 50-200

parts (by j _1ephi OQH ' N28t440i ed senmen
zi zi phi spi %géaﬁeé, g's-l§90bg§?i gjﬂgﬁgp%?g%?f@gfzg?agiﬁ%s’}/\?b% 200 parts (by
vei ght) of pauty, amilitbirhizact Wi26e45Pophitsg fried ertreactzisiphit spmosae
concentrating it into concrete; e) pooling the concrete fromstep b) and
d), addi ng %Ré0phpansctaxille D5-A0Aeppdserubtaods2 @) partsarsickepphaga

phar maceut i cﬁal bi ne power fromstep a) thereinto in turn, mxing and
formul ati ng-d PR he phar maceuti cal conposition.

2. The pharmaceutical composition for regulating the potassium
channel in cardiac muscle cell according to claim 1, further
comprising the following components by weight:

Rhizoma Nardostachyos 45-200 parts, Rhizoma Coptidis 25-90 parts,
Fructus Schisandrae Sphenanthenae 35-150 parts, Os draconis
75-300 parts.

3. The pharmaceutical composition for regulating the potassium
channel in cardiac muscle cell according to claim 2, comprising the
following components by weight:

ginseng 45-90 parts, ophiopogonis 112-135 parts, corni 224-270
parts, miltiorrhizae 200-225 parts, fried semen ziziphi spinosae
150-186 parts, taxilli 150-186 parts, rubra 89-100 parts, steleophaga
35-100 parts, Rhizoma Nardostachyos 45-95 parts, Rhizoma
Coptidis 45-60 parts, Fructus Schisandrae Sphenanthenae 67-75
parts, Os draconis 145-150 parts.

4. The pharmaceutical composition for regulating the potassium
channel in cardiac muscle cell according to claim 2, comprising the
following components by weight: ginseng 89 parts, ophiopogonis
112 parts, corni 224 parts, miltiorrhizae 224 parts, fried semen
ziziphi spinosae 186 parts, taxilli 186 parts, rubra 89 parts,
steleophaga 75 parts, Rhizoma Nardostachyos 89 parts, Rhizoma



9. The nethod for preparing the pharnmaceutical conposition according to
claim8, wherein the raw material of step b) further conprises 45-200 parts
(by weight) of Rhizonma Nardostachyos, 35-150 parts (by weight) of Fructus
Schi sandr a@P&iréhdait henae, 25-90 parts (by weight) of Rhizoma Coptidis, and
wherein the raw material of step d) further conprises 75-300 parts (by

wei ght) of OGs draconis. 10. The net hod for preparing the pharmaceuti cal
conposition according to claim$9, involving the foll ow ng conponents by

vei ght: gi (i8S UPpaks, FapbirkpSehiRkadide? Sphehantheengi 622Areads,
mltiorrhizae 224 parts, fried senmen ziziphi spinosae 186 parts, taxilli
186 parts, dradomsd9Spparts, stel eophaga 75 parts, Rhizona Nardostachyos 89
parts, Rhizoma Coptidis 45 parts, Fructus,Schi sandrae Sphenant.henae 67
parts, Os @ratbfi Bhaumacpytical composition for regulating the potassium

channel in cardiac muscle cell according to claim 2, comprising the
following components by weight:

ginseng 45 parts, ophiopogonis 112 parts, corni 224 parts,
miltiorrhizae 225 parts, fried semen ziziphi spinosae 186 parts,
taxilli 186 parts, rubra 89 parts, Rhizoma Nardostachyos 45 parts,
steleophaga 35 parts, Rhizoma Coptidis 45 parts, Fructus
Schisandrae Sphenanthenac 67 parts, Os draconis 149 parts.

6. The pharmaceutical composition according to any of claims 1-3,
wherein the dosage form of the pharmaceutical composition is
capsule, tablet, medicinal granules, powder or oral solution
formulation.

7. Use of the pharmaceutical composition according to claim 6 in the
preparation of medicament for treating supraventricular arrhythmia,
ventricular tachycardia, ventricular flutter, ventricular fibrillation,
premature atrial contractions, atrial tachycardia, atrial flutter or atrial
fibrillation.

8. A method for preparing the pharmaceutical composition according
to claim 1, comprising the following steps:

a) adding proper amount of 70% ethanol to 45-180 parts (by
weight) of ginseng, reflux extracting 3 times, pooling the extract
sdlution, filtering, concentrating, drying, and grounding it into fine
powder;

b) adding proper amount of 70% ethanol to 125-450 parts (by
weight) of corni and 125-450 parts (by weight) of miltiorrhizae,
reflux extracting 3 times, pooling the extract solution, filtering,

concentrating it into concrete;
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¢) grounding 35-150 parts (by weight) of steleophaga into fine
powder, drying the powder for further use.

d) adding proper amount of water to 50-200 parts (by weight) of
ophiopogonis, 95-400 parts (by weight) of fried semen ziziphi
spinosae, 95-400 parts (by weight) of taxilli, 45-200 parts (by weight)
of rubra, boiling twice, pooling the extract solution, concentrating it
into concrete;

e) pooling the concrete from step b) and d), adding the
pharmaceutical fine power from step c) and the pharmaceutical fine
power from step a) thereinto in turn, mixing and formulating it into
the pharmaceutical composition.

9. The method for preparing the pharmaceutical composition
according to claim 8, wherein the raw material of step b) further
comprises 45-200 parts (by weight) of Rhizoma Nardostachyos,
35-150 parts (by weight) of Fructus Schisandrae Sphenanthenae,
25-90 parts (by weight) of Rhizoma Coptidis, and wherein the raw
material of step d) further comprises 75-300 parts (by weight) of Os
draconis.

10. The method for preparing the pharmaceutical composition
according to claim 9, involving the following components by weight:
ginseng 89 parts, ophiopogonis 112 parts, corni 224 parts,
miltiorrhizae 224 parts, fried semen ziziphi spinosae 186 parts,
taxilli 186 parts, rubra 89 parts, steleophaga 75 parts, Rhizoma
Nardostachyos 89 parts, Rhizoma Coptidis 45 parts, Fructus
Schisandrae Sphenanthenae 67 parts, Os draconis 149 parts.



