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Inhibitory effects of matrine, E-4031, dofetilide and RP58866 on inward
rectifier potassium current in rabbit ventricular myocytes
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Abstract: AIM To explore the cause of the weaker an-
tiarthythmic effects of matrine than that of E-4031,
dofetilide and RP58866. METHODS Whole-cell
patch-clamp technique was used to record ionic currents
in rabbit ventricular myocytes. RESULTS 1 and 10
pmol + L™ matrine did not affect the inward rectifier
potassium current (/;). 50 and 100 pmol * L™ matrine
reduced I by 6% (n=8, P<0.05) and 8% (n =38,
P <0.05), respectively at test potential of — 120 mV
from holding potential of — 70 mV. At — 50 mV, [y
decreased by 4% (n=8, P <0.05) and 8% (n =38,
P <0.05). E-4031, dofetilide and RP58866 significant-
ly inhibited 7,;. At test potential of — 120 mV, 1 and 10
)umol'L_1 E-4031 decreased I,y by 10% (n =6, P <
0.05) and 45% (n =6, P<0.05). At =50 mV, I
was decreased by 5% (n =8, P <0.05) and 35%
(n=8, P<0.05), respectively. 1 and 10 pmol * L!
dofetilide decreased I, by 19% (n =6, P <0.05) and
25% at — 120 mV. At —50 mV, [I,; was decreased by
11% (n=6, P<0.05) and 19% (n=6, P<0.05),
respectively. At — 120 mV, 1 pmol+L™" and 10 pmol -
L' RP58866 decreased I,; by 21% (n =8, P <0.05)
and 50% (n =8, P<0.05). At —50 mV, I, was
decreased by 6% (n =8, P<0.05) and 11% (n =8,
P <0.05), respectively. CONCLUSION The lower
efficacy and potency of matrine in the inhibitory effects on
I, than that of E-4031, dofetilide and RP58866 is one of
the reasons for weaker antiarthythmic effects of the Chi-
nese herb than that of pure compounds.
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Matrine is an alkaloid extracted from Sophore
alopecuroides . Tt was found to possess a significant
antiarrhythmic effect on both animal models and
clinical settingsm. Compared with many other
antiarrhythmic agents currently used in clinics,
matrine produces much less side effect and
toxicitym. This property promises matrine as a
better choice for antiarrhythmic therapy. Nonethe-
less, the antiarrhythmic efficacy of matrine was
found to be weaker than most of the antiarrhythmic

drugs, such as the agents with class [l antiar-
thythmic actions like E-4031, dofetilide and
RP58866'"). To have better understanding  of
matrine’s value for antiarrhythmic therapy, it is of
paramount importance to decipher the ionic mech-
anisms underlying the antiarrhythmic efficacy of
matrine.

Besides the major determinant of the cardiac
resting membrane potential, inward rectifier K*
current ([,;) also plays a significant role in regu-
lating the late phase of cardiac repolarization
thereby the likelihood of arrhythmias, owing to its
inwardly rectifying property. It is known that E-
4031, dofetilide and RP58866 are selective block-
ers of the rapid delayed rectifier K* current
(1,)"*~%'. However, it is unknown whether these
drugs can also block I,; and whether the antiar-
thythmic efficacies are related to [ inhibition.
The present study was designed to determine the
comparative effects of matrine, E-4031, dofitilide
and RP58866 on [}; with whole-cell patch-clamp
techniques in enzymatically isolated rabbit ventri-
cular myocytes so as to elucidate the potential ion-
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ic mechanisms for the weaker antiarrhythmic ef-
fects of matrine.

1 MATERIALS AND METHODS

1.1 Drugs

Matrine (0805-9703 ), synthesized by Na-
tional Institute for the Control of Pharmaceutical
and Biological Products. E-4031, dofetilide, and
RP58866 were purchased from Sigma Co.
1.2 Myocytes isolation

The myocyte dissociation procedure was very

described in previously[6’7].

Briefly, hearts were removed from rabbits weighing
1.5 - 3.0 kg of either sex (provided by the

Experimental Animal Center of Harbin Medical

similar to that

University, Grade [ ) and mounted on a modified
Langendorff perfusion system for retrograde perfu-
sion via the coronary circulation. The preparation
was perfused with Ca®* -containing Tyrode solution
(in mmol - L™': NaCl 126, KCl 5.4, MgCl, 1,
CaCl, 1. 8, NaH,PO, 0. 33, glucose 10, and
HEPES 10, pH 7.4 with NaOH) at 37°C until the
effluent was clear of blood and then switched to
Ca®* -free Tyrode solution for 20 min at a constant
rate of 12 mL*min~", followed by perfusion with
the same solution containing collagenase ( type
T, 100 -150 kU-L™') and 1% bovine serum
albumin. The left ventricular tissue was then
excised from the softened hearts, minced and
placed in a KB medium (in mmol+L™': glutamic
acid 70, taurine 15, KCI 30, KH,PO, 10, MgCl,
0.5, EGTA 0.5, HEPES 10, glucose 10, and
1% albumin, pH 7.4 with KOH) at 4°C for 1 h
before electrophysiological experiments.
1.3 Patch-clamp technique

The cardiomyocytes were transferred to a
chamber mounted on an inverted microscope
(Nikon Diaphot, Nikon Co., Tokyo, Japan) for
electrophysiological recording and were bathed at
room temperature (22 —23°C) in Tyrode solution.
First, the currents were recorded free from drugs,
then matrine, dofetilide, E-4031 and RP58866
were added to the cell surface, repectively. Five

minutes after application of these drugs, we start-

ed to record the currents for 30 min while the
dosage of these drugs were elevated from 0.1 to
100 pmol* L™ " and at last washout.

Whole-cell patch-clamp recording technique
detail
! Tonic currents were recorded in the

used has been described in else-

wherel 6810
whole-cell voltage-clamp with an Axo-patch 200 B
amplifier ( Axon Instruments). Borosilicate glass
electrodes had tip resistance of 2 to 4 MQ) when
filled with pipette solution (in mmol * L™': KCI
20, potassium asparate 110, MgCl, 1, HEPES 5,
EGTA 10, and Na,-ATP 5, pH 7.2 with KOH) .
Junction potentials were zeroed before formation of
the membrane-pipette seal in Tyrode solution. The
capacitance and series resistance (Rs) were com-
pensated electrically to minimize the duration of
the capacitive surge on the current recording and
the voltage drop across the cell membrane during
voltage clamp. FExperiments were conducted at
room temperature (22-23%C).
1.4 Data analysis

Data were expressed as x = s and differences
were estimated by paired t-test, and a two-tailed
value of P <0.05 was taken to indicate statistical

significance .

2 RESULTS

2.1 Effect of dofetilide on inward rectifier
K" current

I\ was elicited by a family of voltage which
steps ranging from — 160 mV to 0 mV from a
holding potential of —70 mV. Extracellular appli-
cation of dofetilide (10 min) consistently reduced
Iy in rabbit ventricular myocytes. One example is
shown in Fig 1A. Dofetilide blockade of I,; was
seen at all test potentials examined (Fig 1B). The
block was completely reversed upon exchange of
medium back to dofetilide-free Tyrode solution in
the same cell. Appreciable reduction of [} caused
by dofetilide was observed at a concentration of as
low as 0.1 pmol-L™". At a test potential of —
120 mV, dofetilide of 1 and 10 pmol* L~ reduced
the currents from ( =4.60+0.72) to ( =3.71 =
0.58)[A(-0.89+0.11) Jand ( - 3.48 £0.88)
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Effects of dofetilide on inward rectifier K* current (I,4) in single rabbit ventricular cell. Currents were

elicited by 300 ms pulse to potentials ranging from — 160 mV to 0 mV with 10 mV increments from a HP of — 70 mV at an interpulse interval

of 10 s. (A) Analog data from a representative cell showing families of current traces recorded before drug perfusion, in the presence of 1 and

10 pmol- L=", and after washout of the drug, respectively. (B) Current-voltage relation with and without dofetilide. Shown are averaged

data from a total of six cells.

[A(=1.11+£0.18) nA (P <0.05, n=6 cells
from four rabbits). At —50 mV, the current de-
creased from (0.40 +0.08) to (0.36 +0.08)
[A(0.04 +0.02)] and (0.33 + 0.07)
[A(0.07+0.02) ]nA, respectively (P < 0. 03,
n =6 cells from 4 rabbits) .
2.2 Effect of E-4031 on inward rectifier K*
current

E-4031 (10 min) consistently reduced I,; at
all test potentials examined (Fig 2). A represen-
tative example is shown in Fig 2A. The blockade

was completely restored after washout of E-4031 in
the same cell. Appreciable reduction of /,; caused
by E-4031 was observed at a concentration of as
low as 0.1 pmol=L~". At test potential of — 120
mV, E-4031 1 and 10 pgmol- L™~ 'reduced the cur-
rents from ( —4.02+0.65) to ( —=3.66+0.54)
[A(-0.36+0.10)] and ( —2.21 +0.47)
[A(=1.18+0.26) ]nA (P <0.05 vs control,
n = 6 from 5 rabbits), respectively. At — 50
mV, the currents were inhibited from (0. 35 +

0.11) to (0.35+0.08) [A(0.018 +0.004) ]
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Fig 2. Effect of E-4031 on I, in single rabbit ventricular cell. Currents were elicited by 300 ms pulse to potentials ranging

from — 160 mV to 0 mV with 10 mV increments from a HP of — 70 mV at an interpulse interval of 10 s. (A) Analog data from a representative

cell showing families of current at test potential of — 120 mV recorded before drug perfusion, in the presence of 1 and 10 pmol+L™!, and after

washout of the drug, respectively. (B) Current-voltage relation with and without E-4031. Shown are averaged data from a total of six cells.

and (0.233+0.029)[A(0.120 +0.015) JnA, re-
spectively( P < 0.05, n =6 cells from 5 rabbits) .
2.3 Effect of RP58866 on inward rectifier
K™ current

Superfusion with RP58866 for 10 min consis-
tently reduced I, at various test potential studied
(Fig 3). A typical example is displayed in Fig
3A. The blockade was completely restored upon
exchange of medium back to RP58866-free Tyrode
solution in the same cell. Appreciable reduction
of Iy caused by RP58866 was observed at a con-

centration of as low as 0.1 pmol*L™". At test po-

tential of — 120 mV, RP58866 of 1 and 10 pmol

L.~ ! reduced the currents from ( = 5.27 + 0.76)
to (-4.15+0.67) [A(-1.12+£0.26)] and
(-2.62+0.51) [A(-2.65+0.46)] nA
(P <0.05, n =8 cells from seven rabbits), re-
spectively. At — 50 mV, the current decreased
from (0.39+£0.05) to (0.37+0.04) [A(0.02 +
0.00)] and (0.35+0.05) [A(0.04+0.01)]
nA, respectively (P < 0. 05, n = 8 cells from
seven rabbits) .
2.4 Effect of matrine on inward rectifier K*
current

Matrine of 1 and 10 pmol*L ™" did not effect
l\1 . Only when matrine concentration was elevated
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Effect of RP58866 on I, in single rabbit ventricular cell. Currents were elicited by 300 ms pulse to potentials rang-

ing from — 160 mV to 0 mV with 10 mV increments from a HP of — 70 mV at an interpulse interval of 10 s. (A) Analog data from a represen-

tative cell showing families of current traces recorded before drug perfusion, in the presence of 1 and 10 pmol+L =1, and after washout of the

drug, respectively. (B) Current-voltage relation with and without RP58866. Shown are averaged data from a total of eight cells.

to 50 pmol* ™", statistically significant suppres-
sion of Iy, was achieved (Fig 4). Matrine of 50
and 100 pmol * L™ 'reduced Iy, from ( - 4.61 +
0.42) to (-4.31+0.43)[A(-0.30+0.02) ]
and (-4.21+0.41)[A(0.40+0.03) |nA, re-
spectively, at test potential of — 120 mV (P <
0.05 vs control, n =8 cells from seven rabbits) .
At =50 mV, the current decreased from (0.39 +
0.09) to (0.38+0.08) [A(0.01 +0.00) ] and
(0.36 £0.07) [A(0.03+0.00) |nA, respec-
tively( P < 0.05, n =8 from seven rabbits) . The

block was completely restored after washout. Ma-

trine caused considerably smaller [y; inhibition
than E-4031, dofetilide and RP58866; 100 prmol -
L~! matrine inhibited I; by only about 8% and
the same concentration of E-4031, dofetilide or

RP58866 nearly abolished 1, .

3 DISCUSSION

Our data clearly demonstrated that E-4031,
dofetilide, RP58866 and matrine all blocked 7y,
but the concentration required for 7,; inhibition by
matrine was about 50-folds higher.
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Fig 4. Effect of matrine on Iy, in single rabbit ventricular cell. Currents were elicited by 300 ms pulse to potentials ranging

from — 160 mV to 0 mV with 10 mV increments from a HP of — 70 mV at an interpulse interval of 10 s. Recording was conducted in the pres-

ence of martine. (A) Analog data from a representative cell showing families of current at test potential of — 120 mV recorded before drug pre-

fusion, in the presence of 50 and 100 pmol- L~ ' and after washout of the drug, respectively. (B) Current-voltage relation with and without

matrine. Shown are averaged data from a total of eight cells.

Iy plays an important role in final phase of
repolarization of mammalian ventricular myocytes
and in stabilizing the resting membrane poten-
tial "', Thus, blockade of I 11 would be expected
to lengthen
Decrease in [ has been implicated in a variety of

total action potential duration.

disease states of the heart, including myocardial

ischemia, cardiac hypertrophy and

[12-1

infarction,

heart failure 5} The decrease is often accom-
panied by cell membrane depolarization and gen-
eration of arrhythmias, such as ectopic beats, ear-

ly afterdepolarization (EAD), and triggered activ-

ity[15 “17 . Therefore, I 1 1s believed to be the
major targets of antiarrhythmic drugs[18J . Iy inhi-
bition by E-4031, dofetilide and RP58866

revealed in this study may contribute to their
antiarrhythmic efficacies, but does not seem to be
the major mechanism by which matrine produces
antiarrhythmic effects.

Previous studies have established that
E-4031, dofetilide and RP58866 are selective
blockers 1,5, The potent effects of these
agents on [, confer strong reverse use-dependent

[4.8] However,

actions on cardiac repolarization
excessive blockade of I}, may increase the risk of
proarrhythmic reactions, due to an excessive delay

of repolarization at slow heart ratest'® . Class Il

antiarrthythmic agents without selectivity for 1,
may be a more beneficial profile of rate-dependent
actions. The present study revealed that in addi-
tion to inhibition of Iy,, the class [ll antiarrhyth-
mic agents also markedly block Iy;; in other
words, class [l antiarrhythmic drugs do not selec-
tively block Iy,. Blockade of I,; may be an
advantageous property for class [ll agents.

Recent studies demonstrated that E-4031,
dofetilide and RP58866 did not inhibit 7y, specifi-
cally. But oppositional to our results, Kiehn, et
al'™ has reported that dofetilide (0.1 mmol -
L=') have not significant effect on [,; with a
clamp program progressing from a holding poten-
tial of — 80 mV to variable test potentials ( — 160
to +40 mV in 10 mV steps) in guinea pig car-
diomyocytes, test potential duration was 1000 ms.
Gwilt, et al™] has reported the similar results.
But our results indicated dofetilide at 1 and 10
pemol ¢ L~ ! inhibited 7,; by 19% in rabbit ventric-
ular myocytes. The difference between two experi-
ments, one is the holding potential in the protocol
(one is — 70 mV, the other — 80 mV) . The oth-
er is the kind of animal. The membrane potential
of rabbit and guinea pig has not significant dis-
tinction, so the different consequence did not re-

sult from the holding potential .
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Martin, et al observed that E-4031
specifically blocked the fast component of the de-
layed I, as its concentration low to 5 pmol- L~ L
however, at high concentrations ( 100 pmol -
L"), E-4031 caused a reduction in inward
(34% ) and outward (64%) I, in guinea pig
cardiomyocytes. But our results demonstrated that
E-4031 10 pmol - L.=! inhibited inward (45%)
and outward (35% ) I, in rabbit cardiomyocytes.

Compared to the results reported, in the pre-
sent experiment we achieved the similar conse-
quences of E-4031 and dofetilide by the less
dosage. Perhaps the rabbit and guinea pig car-
diomyocytes have different sensitivity to dofetilide
and E-4031.

Matrine at 1 and 10 pmol*L™" had no effect
on Iy, but at 50 and 100 pmol - L~ it inhibited
Iy;. Recently, in our experiment, the significant

inhibitory effect of matrine on Iy, Iy, Ic,| were
observed only when matrine concentration was ele-
vated to 50 pmol*L™". The weak effect of matrine
on Iy, compared to those of E-4031, dofetilide
and RP58866, suggests that I, inhibition do not
fully account for matrine’s antiarrhythmic effica-
cy, and also provides an explanation for the weak-
er antiarrthythmic efficacy of matrine relative to

those of E-4031, dofetilide and RP58866.

4 REFERENCES:

[1] LiY, HelR. Pharmacological research of matrine in car-
diovascular system[] 1. Chin Tradit Herb Drugs ( 2l ,
2000, 31(3):227 -229.

(2] Jiang LF, Jiang YS. Pharmacological research of matrine
[J]. Lishizhen Med Mat Med Res (Z=Bt ¥ EEFEZY),
2000, 11(3):278 - 279.

[3] Yang BF, Li GR, Xu CQ, Naitel S. Effects of RP58866 on
transmembrane K* currents in mammalian ventricular my-
Ocytes[ﬂ . Acta Pharmacol Sin (WP EZ5F223R), 1999,
20(11) :961 - 969.

[4] LiGR, Yang B, Feng J, Bosch RF, Carrier M, Nattel S.
Transmembrane I, contributes to rate-dependent changes of
action potentials in human ventricular myocytes[] 1. Am J
Physiol , 1999, 276(1 Pt 2) : H98 — H106.

[5] Sanguinetti MC, Jurkiewicz NK, Scott A, Siegl PK. Iso-
proterenol antagonizes prolongation of refractory period by
the class [l antiarthythmic agent E-4031 in guinea pig my-
ocytes. Mechanism of action[J]. Circ Res, 1991, 68(1):
77 - 84.

(6]

(7]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wang HZ, Yang BF, Zhang LM, Xu DH, Wang ZG. Di-
rect block of inward rectifier potassium channel by nicotine
[J]. Toxicol Appl Pharmacol , 2000, 164:97 — 101.

Giles WR, Imaizumi Y. Comparison of potassium currents
in rabbit atrial and ventricular cells[J]. J Physiol, 1988,
405:123 - 145.

Li BX, Yang BF, Zhou J, Xu CQ, Li YR. Inhibitory ef-
fects of berberine on I, I, and HERG channels of car-
diac myocy‘tes[] 1. Acta Pharmacol Sin( T EZ5H244R),
2001, 22(2):125-131.

Yang BF, luo DL, Bao LH, Zhang YC, Wang HZ.
Artemisinin blocks activating and slowly activating K* cur-
rent in guinea pig ventricular myocytes[ J]. Acta Pharmacol
Sin (P EZ5HE244) L 1998, 19(3) :269 - 272.

Yang BF, Xu CQ, Lou DL, Du ZM, Wang HZ, Li YR.
Effects of artemisinin on transmembrane K* currents in
mammalian ventricular myocytes[] 1. Asia Pac J Pharma-
col, 1998, 13:9-17.

Lopatin AN, Nichols CG. Inward rectifiers in the heart: an
update on Iy [J]. J Mol Cell Cardiol, 2001, 33(4):
625 - 638.

Beuckelmann DJ, Nabauer M, Erdmann E. Alterations of
K* currents in isolated human ventricular myocytes from
patients with terminal heart failure[ J]. Circ Res, 1993, 73
(2):379 - 385.

Koumi S, Backer CL, Arentzen CE. Characterization of in-
wardly rectifying K* channel in human cardiac myocytes.
Alterations in channel behavior in myocytes isolated from
patients with idiopathic dilated cardiomyopathy[J]. Circu-
lation, 1995, 92(2):164 - 174.

Boyden PA, Jeck CD. Ion channel function in disease[ J].
Cardiovasc Res, 1995, 29(3):312 - 318.

Wilde AA, Aksnes G. Myocardial potassium loss and cell
depolarisation in ischaemia and hypoxia [ J]. Cardiovasc
Res, 1995, 29(1):1 - 15.

Beaumont J, Michaels DC, Delmar M, Davidenko J, Jalife
J. A model study of changes in excitability of ventricular
muscle cells: inhibition, facilitation, and hysteresis [J].
Am ] Physiol , 1995, 268(3 Pt 2):H1181 — H1194.

Wang J, Feng J, Nattel S. Class [l[ antiarrhythmic drug
action in experimental atrial fibrillation. Differences in re-
verse use dependence and effectiveness between d-sotalol
and the new antiarthythmic drug ambasilide[ J]. Circula-
tion, 1994, 90(4) :2032 — 2040.

Yang BF. Discussion in matter of Chinese antiarrhythmic
herb[ A ]. In: Feng DS, Liao ZY, Wang YM, eds.
Progress in Pharmacology Research (ZiH gk ) [M].
Beijing: People’s Medical Publishing House, 2002. 126 —
130.

Kiehn J, Villena P, Beyer T, Brachmann J. Differential ef-
fects of the new class [[[ agent dofetilide on potassium cur-
rents in guinea pig cardiomyocytes[ J]. J Cardiovasc Phar-
macol , 1994, 24(4) :566 — 572.

Gwilt M, Arrowsmith JE, Blackbum KJ, Burges RA, Cross
PE, Dalrymple HW, et al. UK-68798: a novel, potent
and highly selective class [l antiarrhythmic agent which



- 414 -

Chin J Pharmacol Toxicol 2004 Dec; 18(6)

blocks potassium channels in cardiac cells|J]. J Pharma-
col Exp Ther, 1991, 256(1):318 — 324.
[21] Martin CL, Chinn K. Contribution of delayed rectifier and

inward rectifier to repolarization of the action potential:
pharmacologic separation [J]. J Cardiovasc Pharmacol ,
1992, 19(5):830 - 837.

ESWEY5 E-4031, ZIEF 4551 RP58866 Xt K &0 Al 1 BI1EALLE

WEig?, g, AR, wEA, B, £ORY

(1. PR/RIEERER A P2 BT, 2. BBV YR A H i Se =, RIBiT IR /R

HE: BRY B E SIS E-4031, ZAE R EE R
RP58866 X 5 e B0 2 JULAH L 1) A 1] 2 S 0 L 97
(L) RN FRLRE AN ], 8 75 5 ST O AL R o
TERSS TR E . FiE SR 8
RicHE S5 E-4031, ZAEFFE A RP58866 Xt K
G LRI, R 20 1 10 pmol - L™ XFHK
P 1y T 2 . ESCH HL O — 120 mV FIfRER
B R — 70 mV, 35 Z:6% 50 F1 100 pmol « L= "5 1y 43
BHNHIE 6% (n=8, P<0.05)f1 8% (n=8, P<
0.05) ; 7ESCIGHE N — 50 mV, Ml 143k 4% (n =
8, P<0.05)fM8%(n=8, P<0.05), {ESCHHLE
M =120 mV,E-4031 1 F1 10 pumol « L™ " I, 73 5 F#AR
10%(n=6, P<0.05)f 45% (n =6, P <0.05),
TE - 50 mV, I,y 53 5IFEA% 5% (n =6, P <0.05) 7
35%(n=6, P<0.05), 7ESL5H N - 120 mV, £

150086)

JEFIRF 1110 pmol - L™ 1, F#AIK 19% (n =8, P <
0.05) % 25%(n=8, P<0.05), 7 - 50 mV, I 5
HIFEAR 11% 1 19% (n =8, P <0.05), 7ESCHHLIE
i1 = 120 mV, RP58866 1 1 10 pmol - L™ 'fifi 1,3 1| [
K 21%(n=8, P<0.05)F150%(n=8, P<0.05),
16 —50 mV, Iy 2> SIFEAK 6% (n =8, P <0.05)7HI
11%(n=8, P<0.05). &it ESWXT 1,80 H
RUBES T E-4031, ZAEFIFEFT RP588666 A& H A
R AESS T 25 A

KR : WS E-4031; ZIEFIFRr; RP58866; fiF
FEHEOR, YU B, NI 0L

HEE£WMB: ERARPFE4 BT H (30271599)

(A% Fv 00)

MALIT R 2005 E(HFEHEBEZSE5SEFZLE)

(rp E 25 S A ) O P E 2GR 2 [ B P S RN A IR 2R B S R R IR AR
WANATERAT o AT EE PSSR 25 5 S0 1 B4 45 0 SR 9T 18 3 L & A 28k e TROR BT
AR g . AR o ERHE S SCEE IR, 8 = N2 A R IR

PEE NG RN N2y BEHE 2 PR R Y SRR AT TR .

AFARA I, WA 25 H KR, B8 80 IT, DL 5 5 FHERT, I 105 Z 8 AR 4G Bl , [ PN 45 30 5 #1200
JG, BAEEMN 72.00 TG, ENBFEAACS 82-140, [ 4 MR R AT 1T H . EAMIE &S BM-1051, g1+ [ E b

P 5 53 5 28wl (AL AT 399 f548) 295

gl AL TR 27 5 WREGRAS 100850  HLiE : (010)68276743, (010)66931617

E-mail: CJPT@nic.bmi.ac.cn
ML hitp://zgylxydl. periodicals. net. cn/
http: //www. enki. net

http: //www. chinajournal . net. cn
http: //www. CJPT. ac. cn



