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Optimization of hot melt pressure sensitive adhesive patch with supercritical
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Abstract: Objective To optimize the forming process of hot-melt pressure-sensitive adhesive patch from the supercritical
extraction part of Zanthoxylum schinifolium, and evaluate the safety of the patch. Methods Based on the sensory evaluation of
uniformity, spreadability, degree of infiltration, skin followability, peelability, repeated peelability, and residual amount, as well as
initial adhesion, holding adhesion and peeling strength as evaluation indexes, the matrix ratio of hot melt pressure sensitive adhesive
was screened by single factor test and Box-Behnken design-response surface method. The in vivo animal evaluation method was used

to screen the drug loading of the patch according to the number of head scratching in rats with nitroglycerin migraine. In addition, the
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safety of hot melt pressure sensitive adhesive was evaluated by mouse acute toxicity test, rabbit skin irritation test and guinea pig
skin hypersensitivity test. Results The best matrix prescription of hot melt pressure sensitive adhesive was SIS (styrene-isoprene-
styrene) elastomer: hydrogenated petroleum resin: liquid paraffin = 4:2:5. Z. schinifolium supercritical extract patch could
significantly reduce the number of head scratching of migraine rats induced by nitroglycerin, 70 mg drug dosage of each gel patch
could reduce the number of head scratching in rats by 81.75% within 30—60 min, which was preferably the best drug loading. The
patch had no acute toxicity to mice, slightly irritated to the intact and damaged skin of New Zealand rabbits, eliminated itself within 6
h, and had no allergy to guinea pigs. Conclusion The hot melt pressure sensitive adhesive for supercritical extraction of Z.

schinifolium prepared by this process has good sensory properties, strong adhesion, safe and effective.
Key words: Zanthoxylum schinifolium Sieb. et Zucc.; supercritical fluid extraction; hot melt pressure sensitive adhesive; patch;

migraine; molding process; safety evaluation; Box-Behnken design-response surface methodology; acute toxicity; skin irritation; skin

sensitization
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Table 2 Box-Benhnken design-response surface method experimental factor level design and results (n = 3)
s /g W ZE
X1 x2 xs o WISV IR BATREE BB RETE RIEE RSTRENE TR VIR RS R B0
1 8.0(+1)3.0(0) 10.0(+1) 10 10 8 9.8 7.4 9.0 76 938 849 875 88.42
2 8.0 3.0 6.0(-1) 10 10 8 10.0 5.6 9.8 8.0 9.69 8.84 1.25 81.18
3 40(-1)3.0 6.0 10 10 6 9.8 7.1 9.4 4.6 10.00 7.30 7.50 81.70
4 6.0(0) 4.0(+1) 6.0 10 6 8 10.0 6.4 9.6 8.9 10.00 9.45 6.88 85.23
5 4.0 3.0 10.0 10 10 2 9.8 9.4 9.2 4.6 7.50 6.05 2.50 71.05
6 4.0 4.0 8.0 (0) 10 10 2 9.6 7.6 9.2 4.8 10.00 7.40 9.38 79.98
7 6.0 2.0(-1) 6.0 10 10 8 9.8 6.8 9.8 7.9 10.00 8.95 1.25 82.50
8 4.0 2.0 8.0 10 10 4 9.8 8.8 9.4 4.8 6.25 5.53 2.50 71.08
9 6.0 2.0 10.0 10 10 4 10.0 8.6 9.4 7.1 8.44 7.77 3.13 78.44
10 6.0 3.0 8.0 10 10 6 10.0 8.4 9.6 5.4 9.69 7.54 8.13 84.76
11 8.0 4.0 8.0 10 10 8 10.0 6.2 9.8 6.8 10.00 8.40 6.25 85.45
12 6.0 3.0 8.0 10 10 8 10.0 6.4 9.6 7.1 10.00 8.55 549 85.14
13 6.0 4.0 10.0 10 10 2 9.8 8.0 9.4 6.4 10.00 8.20 10.00 83.80
14 6.0 3.0 8.0 10 10 8 10.0 7.2 9.8 7.0 9.69 8.34 7.50 87.53
15 8.0 2.0 8.0 10 10 8 10.0 6.6 9.4 74 10.00 8.70 0.63 80.73
3 EFRBZESNER
Table 3 Analysis of variance of regression model
HEXRE P BHE WM FE PHE REW | FEKE CPAM BHE M FE O PHE RENH
B 36357 9 40.40 21.83 0.0017 P<<0.01| xi2 65.23 1 65.23 3524 0.0019 P<0.01
X1 127.75 1 127.75 69.03 0.0004 P<<0.01| x2? 19.53 1 19.53 10.55 0.0227 P<<0.05
X2 58.96 1 58.96 31.86 0.0024 P<<0.01| x3? 3.84 1 3.84 2.08 0.2091
x3 993 1 9.93 536 0.068 4 7 9.25 5 1.85
X1x2 436 1 436 235 0.1855 AN 4.73 3 1.58  0.70 0.6344
X1X3 79.93 1 79.93 43.19 0.0012 P<0.01| =% 4.52 2 2.26
X2X3 1.75 1 1.75 094 03758 BB 37283 14
MAFEEARION x1>x>x3, B SIS #ffAHE>S Ali4:2:5.

A R I FH B > AR A 2
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G 75 () SE PR 2% & VF 43 43 il 87.432. 85.673
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Fig. 2 Contour and response surface maps of interaction of different amounts of SIS elastomer, hydrogenated petroleum

0 5 = A O ST R AT I 57 1 IR (SR 2 TR A
3emX4 cm), MIEREFFIGIC 3 h AR [E]BEK
RUIGRCL K. R E 4 Fon. S5XHRAML,
TR ZH 5 25 25 20K BRAE 25 T IR H- il 5 Sk 80
EHIM (P<0.01), FRIHZME ST AL 61 25 e 2 o
R AR, T AERUER G S BGHAL N7 mT B
Wb KRR E (P<0.01. 0.05), B4
T EACHUE G SR BCTAL PRI E A .
B2 MR BL, 30~60 min B 245

F 4 TEATHIBVFIG RS BERLBAREORMOBI (X£s,n=10)
Table 4 Effect of patch with different dosage on scratching times of nitroglycerin-induced migraine in rat (X £ s, n =10)
2H 5 kel
0~30 min 30~60 min 60~90 min 90~120 min 120~150 min 150~180 min

X HE 0.60+0.89 1.404+2.19 1.60+2.51 1.20+1.30 0.80+0.84 0.60+0.89
it 20.0043.34% 14.2541.98% 2.13+1.13% 3.38+1.19% 2.50£0.93% 2.75+1.16%
hE 1 22.20+2.05 3.40£1.14™ 4.20+1.64" 3.00+0.71" 1.60+1.82 1.60+2.51
4hY 2 22.50+3.03 2.60+1.07" 3.00£1.05 2.10+£1.29" 1.604+2.22 2.20+2.10
45953 19.25+2.66 5.13+1.25" 1.004-0.93 0.13+0.35™ 1.254+2.12 1.50+2.27
YY) 4 20.88+3.27 7.13+1.81" 1.50+1.51 0.38+0.74™ 1.00+1.41 1.13+1.13
LXTRALLEE: *P<0.05 #P<<0.01; SEAALLE: "P<0.05 “P<0.01

#P<0.05 *P<0.01 vs control group; “P < 0.05

**P <0.01 vs model group
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EAE, KERPERREZ RS (P<0.01), H
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25 2 AT 1 30~60 min P 55K PR FEHLKE R BRFRSK X
BEEAC 81.75%, Rlbifw=kimiE &% . 60 min
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2R
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P
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BENL D A EMEMEXTIRZH (n=10). =% [ EPEX R
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(n=10) .25 25145 T F T MU I T P2 DU R & Bl
MG (140 mg/Mh), 25 X R 25 7 S AR AR 1 =
IR o A S 1 d 2 T B X, I [l 5
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48, 72h HEEMEEE 14 d. B0 3 H Wik
BN PG, WA B R, E—idg R E
EE. MEE. IRV, Wizh. rEHE. BRRERIL, W
A BT BRI FE T BN R AT 7 A R B 4H 2R A
. IR RWE 5 Frr. WIS 30~60 min
J 24, 48, 72h & 14d. 5= AL, 425400
BB HRAE BB, PRI, 3608 & B 335355
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INRIFE R R ZE R LRI EE N, REFIEN
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Table 5

adhesive patch with supercritical fluid extract of Z.
schinifolium (X £ s, n=10)

Acute toxicity of hot melt pressure sensitive

R /g
ZH 5 -
YT 5 14d )5 S
SEMEESIE  23.86+0.76  2447+147  0.61+£1.08
AR 25944089 26.71+1.81 0.77+1.80
Y PMEYE 2425+0.93 2543+1.01 1.18+0091
RPN 2527+0.88 2692+121 1.65+1.58

T ACHGER I T ER D FAE BB s 701 T0 2 R Jik 7
PE N o

282 FHE MR BURFEERE R R 8
W, MEERE, AR 2.2~2.3 kg, RIGIET e
B IR A M A 5 S5 k4T . T4A 25007 24 h X
RE AN E A, BEmREMLYHN 6
emX 8 cm. MM N 2 40, 5% 5z B 2H AN 401 1 ik
Mo SEEE R R M 2 B IX EZA 250575 3 cm X4 cm
KN, A2 B XBORIE R RIS 250925 A R
VERRTIR o A1 7 JER 4L 7 0 361 =6 )z Ak PR b 446k
[, DL RS O, S8 77 V5 R se 8
FREH . LG 25 1 F, HT EBRZRAM)E 1. 24,
48, 72 h WHLEE £ BIX W2 ERA A To LB A1 7K i 55
FEAR,  PAK EIRARA VK S I L I R], 20 B AN
K 2 THEFRbRUEIZ R 6 AT V4. THE S
S B E, SN RA AERAT BT R 4y
KT B 0 05 B8 )~ 318, AMEAE 0~
0.49 NTCHIELE, 0.50~2.99 A% FEfl L, 3.00~
5.99 JyrpFERIEAE, 6.00~8.00 ARHIEE. 45 5H
Wk 7 FE 3 Fiom. &5 AR TE R G 5 58 5 KA
WA R ZG 1 B Je, TERBRZ990 1 h WAL BRI
IR LG, T ACHUER I T2 B F A e BB I 71 25
FOJZ I T RS E A BERK M, HIE 24 h WEAT
THBR o B JHRTREORE B T 38 I BB A 1.54.2.0, 75 0.50~
2.99, J& TR,

R 6 BRI R BT ARE

Table 6 Scoring standard of skin irritation response

7E a3 KA
0 & (ATh) T AT

B szl I B CHsanT L)
H (AT ) H (SRR
B (WETRLH™E) B (R L mm, REEE
thE CRZE, BEEMAD WE (BE>1mm, HEY K

O S S

2.8.3  JKER I BRI P Hfd B LR R
30 W, MERESE, (R E 260~280 g, 43 AL T4
ORI PHMEZG IR, 410 R, AAHLTH
TEAGER I FLEE B TG R BUR G7)s BE R4 45 7 4
JREF; BHAEXTERA1ZS T 0.2 mL 1% 2,4- - fiHFEE
RO TR 20T 24 h FI BB K R GRS 36+ 1l
B, B EERBN 4 ecmX S5 cm.

(1) Al A2 T 5 ARG I S
VIR BB MR . SRR ALG 25 AR . BRI
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Table 7 Skin irritation response of hot melt pressure sensitive adhesive patch with supercritical fluid extract of Z. schinifolium

Ao sy
2H 5] n PRNAE SRR
lh 24h 48h 72h
SERER R ACHUEE I S B A R R ) 2 30 00 00 0.0 1.5 A2
EM=E I 2 0.0 00 00 0.0 0.0 TeH
AR AL ARG I A B A A s 5+1) 2 40 00 00 00 2.0 B2
2 AR 2 Te R

EERZY 1 h EBRZW) 24 h EBRZ4) 48 h EERZ 7120

A-SERERR (FFIERUER IR SR AR S BOEG D B B-ZE BBk (FAEPD H C-OHRBk CGHEIEMURIG RIS ISR
A DR P A

A-intact skin group (hot melt pressure sensitive adhesive patch with supercritical fluid extract of Z. schinifolium) B-intact skin group (blank matrix)

w

o

C-damaged skin group (hot melt pressure sensitive adhesive patch with supercritical fluid extract of Z. schinifolium) D-damaged skin group (blank

matrix)

B3 FIEHUBIEA AR E SRR NG5 X 5 7 B AR AR I RO R

Fig. 3 Effect of hot melt pressure sensitive adhesive patch of Z. schinifolium supercritical extract on skin irritation of rabbit

ﬁﬁéﬂ 5T 02 mL 1% 2,4- “ERARELME  JERIZIIEE, AR5 TIEREY)E 24, 48, 72 h X
X, HMmESEHURAMEE, FFeke hfa iRk  MEERITBUR PN . 2558 4%5R 8 #AT4r I-1E
/%é’ﬁ%‘%‘é’i% SYOEVEFE, B 7 RAIEE 14 RURRE  SECREVHY. R, 38 WS8R E S A B,
T REE, L3R USRS A S M U N o NP8 A0 = (AL B
(2) WoR¥EA: TRRGABEUGHE 14 K, TE R 53+ K BT B 73 Vs B, SUBUR SR A=
SR AR (BORIRE R RB=H I8 N AME Y L, BUBERE 0~
0.1% 2,4- HHFEEACZ) 02 mL [A (1) HEHT 3 10% NS, 11%~30% N EEEE, 31%~
P RAD A M SZAR W, 4525 6 h JGiERRZY 60% N 8 BUBUE, 61%~80% A i FE Bt
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T AU I SR I AR s S5 U 77 2 AR > i sh
B2 2 e R EE AL BERUK b S S, S P48 7018
N 0.2, BHEERN10%, 2524 h N EIHIE,

T, BRI ME R, 1F 72 h S BRIk
100%. 3 ZHIK S A HIUER . i Z AR 4 B 1
U R . SEERER BT FERSURE I TP B A R
IRt 71) 5 55 Jo o JK Bt R Ik A B TR S0

RS BIREMUR RIT S HRE

Table 8 Scoring standard of skin sensitization

woRl] LB K NiiFIADY

0 I i

1 REELTE, B BRI, BT,

2 PRELTRE, B A o REK e, BT

3 HITAH EEKM, KRR | mm, fEEE

4 E SARERARZ B S p=Yihi A0 FEE KM, RRFER 1 mm DL B IEE TR 7K BRI

®9 FEMBIEFIREHAE ESAMGFI B R KBS E R

Table 9 Experimental results of skin sensitization of hot melt pressure sensitive adhesive patch with supercritical extract of Z.

schinifolium on guinea pig skin

5 sty — M Al ST A

BiZ| 24h 48h 72h BPZ%|l 24h 48h 72h
=BV 10 00 00 00 00 0.0 00 00 0.0 TEEHE
FH 1 24550 B 10 40 45 35 20 1000 100.0 100.0 100.0 R EFEEIE
T TEAUER I 752 B FAd R U M 771 10 02 00 00 00 100 00 00 00 TEEM

3 g

HAHGE G IR & KREE RN, &
GC-MS 7047, FERH F5RERE R 5 Hik F] 74.16%,
JREWE NN 13.57 mgmL, HIR TR, St
5.45%, BB N 1.75 mg/mL, T W75 FREAE
TEARGER I SR B o5 LLAR s, AT RE R LR FE 253801
Y o FE IR IMAE N — ISR AR R 3% R MRS e 33 7]
REAE 3R 259035 R W AE . S5 B JOR SRR P N 260, o ol
PSS R BURNE R, BEREERE E S8, XATRL
TG ARAE R 11 1)

K T B P O 7] 35 1 e R — M K 4
M- T —Ws-25 0% (SBS) RUAN SIS RI7281, SIS Fh
R B R R s i e R, (e R
TR BP9 5 TR R 1 20 B 1 e DA B 5 H A s
RUFRIARA MR, 5 SBS Ak, SIS B A mBUARE
I ARIBRERRLE« HIR % BH B = R B0, 2
il 8 A T U B R 0k . ASHIE 7R FH & 811
Box-Behnken 15 11~ 5 i TH] v A Ak #0001 B850
FUSE IR, e 28 & B RS S PE . TR E
BT .. WG, RIEHE. RERNE S5
MESREMN RL, FMEREE. 34500

FIRIRGOBEYPIR, ARIEEW, MEUERLRE R
B MEE R S A EE R A S

S R PR AR A I N T B S, 251
FFEBEIRIMAIRZE . ERKR L EFE L E R R
NS, Bl ik R 2 I W A AR PR I
FEBY, [ F 2, & HKEZEHES s s .
Nt 751 PR 20 24 B 22 R FH AR MR WAl T A g 32331,
ST BRI GAT, ATGVE IR RN AR,
PSS 8 5 B SHEAAAE —EmZEN, PTAAR s
e ide FHAE ARSI T e 3 24 &

B 28 s Sk K BRI B T s Sk IRt 7
Hhi IR 20 TR 34-35), - IR H il AE AR A AT AR Rl —
AME (nitric oxide, NO), T&E M NO 2 F 2 &
R FEYTRK, T O LA RE Y R0 T e R T 4RI
A3 P& A5 25 3L R A DG K Ccalcitonin  gene-related
peptide, CGRP) & IMEVEVEYI BRI, i — D i
KA JE FE AR R U RAES S SR B R A . 1A
U5 R 00 i Sk 9 K BRI 3L A AR A B 5 N Sk e
FAALL. SRIGZEIRIRE, K5 AEAUE Im A ER U 1 #5
NMFIORE T B R IR R 208, B 2 &
IR0, T AEABGER Nl F HR U U 751470 0 K Jr ROR 1



* 3850 »

FED 2021478 $52% B 138 Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13

I, ARG EIGIN & — g REER, X FEIT 1

BRIk . LREHIE, BT EH LB IR SR

VIR 2 8 70 mg.
BRI EZ R —, Mg NERY

RIRFEREBO, B0 RIS R N, B — e

Ve B A TRe, DB R B 4 2 2 et

T EE ., ARLEER /DR S EEESR . KAk

JoR SR B R B B SR B PR i % 52 T T A RUE

I T U R AR R BRI 1) (1 22 A, DSR2

A DUE ARG 77 TG S s AN S, 7R 51 S ik

P TR R, (AR 24 h N EATTERR, H

T ACRUER I S B FAE e BRI 771 22 AP mT
H Bl m=kIm 69T 2 R DIRSGE 25 R, 1%

JE. AT, BULEAHERCE RIHRY, e Je )

(AT FH S6 ], AR SIZ5 ] £ 1A 7 A6 BRIl 32 B

J8 R SRR M RN T IX — 2SR, SRIG g SRR, 1%

WEFIAN PR B RSP REE o B2 a2, 7

8 SRR ) FH 21k 4
FBENAR HAGEEAFPARAAEAZTR

S

[1] &%, MUER, HZEW. TP w2 &I
PLEATENE [7]. W2, 2020, 51(8): 2095-2101

[2] REREL, BEE ibe, 2. e Sk ER I PR SE R S (E
SREILRR) [J]. FEAFZA4E, 2020, 45(21): 5057-5067.

[B1 FHRE. JAWISERTT [ WIIHEE, 1985, 3(11): 36.

[4] FHEARE. TERUE A BRIE R SEIRT 7L ). hE 2
55,2011, 22(3): 218-219.

[B] AL, kTP, sKNBHE, & AL EYRER. Bt
KRR (3] T ES AR T, 2011, 30(1):
46-49.

[6] RNE, XUAF. TEHS TR B8 R A0 2 8l 27 B R
B [J]. A EEIRIR, 2009, 25(6): 64-66.

[71  f&amsn, FHR, BEW, & L TEHMS IEE
BEHAEMERLKRIR 0] Lo ERE, 1995,
22(8): 371-373.

[8] VHE#E, BT, 268, 5. )| S-J0rUHE & B s &
(R 2 R BC AL G SRR 92 [3]. PR, 2020,
51(6): 1517-1529.

[O1 WAKE, &—N, Wiz, 25 FR2as B 7 e R
FBER [1]. H 524, 2017, 48(13): 2787-2792.

[10] S, 727, BRME, S 3F BRI ] S N AT
B [J]. REEZRE, 2019, 28(5): 551-557.

[11] Wiedersberg S, Guy R H. Transdermal drug delivery: 30+
years of war and still fighting! [J]. J Control Release,
2014, 190: 150-156

[12] Yu Z W, Liang Y, Liang W Q. Development and
evaluation of a-asarone transdermal patches based on
hot-melt  pressure-sensitive  adhesives [J]. AAPS
PharmSciTech, 2013, 14(1): 294-300.

[13] Ekif, EFEY, 6, & REEGUREZGIETTTI
ZiWniE YRR (0], ARARE TR AR,
2014, 40(3): 279-285.

[14] FE/NFE, A8, BAR, & PUSEGURTE H 24515 L)
Wl P R R (0], R EA 24, 2009, 34(12):
1612-1614.

[15] E&EW, Fo0fE, ErHs, & 2553 5 W5 AT 5T i
J& [1]. HEZ, 2012, 43(5): 1028-1031.

[16] Tombs E L, Nikolaou V, Nurumbetov G, et al.
Transdermal delivery of ibuprofen utilizing a novel
solvent-free pressure-sensitive adhesive (PSA): TEPI®
technology [J]. J Pharm Innov, 2018, 13(1): 48-57.

[17] &, Hhfh, X8R, 5. PUEHEUR R 45X 2454
BRI sZm [J]. R TR, 2014, 28(1):
38-45.

[18] firdlefh, Sbese, ZE OBl He FBUR - 2 MR Re
FIRFTE [J]. HREZ554%5E, 2009, 44(24): 1878-1882.

[19] WRWT. BEAAER B s BB B W 770 (K e vk B i [D.
L8R BRI, 2015,

[20] Yuan R, Zhang D, Yang J, et al. Review of aromatherapy
essential oils and their mechanism of action against
migraines [J]. J Ethnopharmacol, 2021, 265: 113326.

[21] RAW, T, 2%, & D-mftReHaH i
PR T U I 9 FA) i S 2L 1 B AR SRV 0] Hh B2,
2015, 46(10): 1445-1453.

[22] Hou M, Tang Q, Xue Q, et al. Pharmacodynamic action
and mechanism of Du Liang soft capsule, a traditional
Chinese medicine capsule, on treating nitroglycerin-
induced migraine [J]. J Ethnopharmacol, 2017, 195:
231-237.

[23] 75 3. A1 S5 EL AT 77 AR A2 0 55 R B 2 A At A
[D]. KB FERRECR, 2009.

[24] HPRES, E¥F, HERE, 5 SI7MRITIE B4 K
R 2y e et (). PEEZS SR, 2011, 17(5):
85-87.

[25] WRUT, koSO, MRS, 45, BEURERFAE RS BN ) B
JRA 255 T (0], 25k, 2015, 2421): 76-78.

[26] FEgll, BESR, #iRE, 5. 2GRS R
BEFUH R B M TR (7], Th B2, 2018, 49(10):
2477-2481.

[27] Wang C X, Han W, Tang X Z, et al. Evaluation of drug
release profile from patches based on styrene-isoprene-

styrene block copolymer: The effect of block structure



FED 2021478 $52% B138  Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13

= 3851

(28]

[29]

[30]

[31]

(32]

and plasticizer [J]. AAPS PharmSciTech, 2012, 13(2):
556-567.

TA&M, A2, P, % MEEBIRMNE T
ML s g [J]. hEZY, 2010, 41(3): 496-499.
TRERAS. ThRe IR £ M $08 M 5 A 00 12 v 2 B
[D]. KifE: KIEH T K%, 2017.

ZRTN. A R ORI R E I sE s AT [D]. dERt:
R EEZIR A, 2012

B BHEEHATRERREFSANHFIA D]
JEIT: JEITRE, 2019.
Saleem M N, Idris

development of a unani transdermal patch for antiemetic

M. Formulation design and

therapy and its pharmaceutical evaluation [J]. Scientifica:
Cairo, 2016, 2016: 7602347.

[33]

[34]

[35]

[36]

Ameen D, Michniak-Kohn B. Development and in vitro
evaluation of pressure sensitive adhesive patch for the
transdermal delivery of galantamine: Effect of penetration
enhancers and crystallization inhibition [J]. Eur J Pharm
Biopharm, 2019, 139: 262-271.
Pu Z H, Peng C, Xie X F, et al. Alkaloids from the
rhizomes of Ligusticum striatum exert antimigraine
effects through regulating 5-HT1B receptor and c-Jun [J].
J Ethnopharmacol, 2019, 237: 39-46.
WEEM, 2R, BRI, . R T IR T SRR I
SEZEGHER [J1]. hEEZE, 2020, 51(4): 1016-1023.
H e, WK, BRpedh, 55 PORIRBEH AR R
TEPEGIUE I ) 46 S AR AN BOBIE R 5T [7]. h B2,
2020, 51(3): 625-630.

[Fritsmit  F L]



