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Pilot technological process evaluation of Compound Banlangen Liyan Granules
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Abstract: Objective To evaluate the pilot technological process of Compound Banlangen Liyan Granules (CBLG). Methods
According to the indexes of six effective ingredients loss amount, accumulated loss rate, and HPLC characteristic spectrum similarity,
the process quality of four key processes was evaluated and compared, such as microfiltration of ceramic membrane, vacuum
concentration of extract, vacuum drying of concrete, and atmospheric drying of granules. Results It was found that the total loss rates
of glycyrrhizic acid, harpagoside, (R,S)-epigoitrin, liquiritin in two batches were 50.06%—66.99%, and angoroside C, adenosine were
35.49%—41.90%. The total content of the six effective ingredients of each material within the same batch of the two pilot batches from
high to low were as follows: extract solution before membrane filtration > extract solution after membrane filtration > concentrate
extract solution > dried concrete powder > granules of finished product. The comparison among four key processes loss rates was as
follows: vacuum drying of concrete > ceramic membrane microfiltration > vacuum concentration of extract, atmospheric drying of
granules. Loss amount of concrete vacuum drying process of the two pilot batches were 0.545 9 and 0.737 5 mg/g, and the process was
the major loss process. The total loss rates of the two pilot batches were 48.15%, 50.85%, respectively. The HPLC characteristic
spectrum similarity of each material within the same batch of the two pilot batches decreased from 0.998 to 0.818 with increasing
process. The HPLC characteristic between the two batches of finished products was good (the similarity was 0.999). Conclusion The

consistency of the finished product quality between two batches was good. The study provided a basis for pilot production process

YrksHER: 2018-01-19

ELWB: HITHAHERTE (3502220164084); fAEEEFAIHIHRERL (2016-CXB-16)

TEBRN: HRaiid (1992—), Z, fit, BT 2iilin & mE G 7. Tel: (0592)2050262  E-mail: 864784269@qq.com

HBIEEE PRI, 5, WA B, FARL, 5 5 b 24 77 SR A I 7L . Tel: (0592)2050262  E-mail: youhualuo@163.com
VR (1979—), 5, WA S0, RIFFFEn, EEMNFHRZHAHIK. Tel: (0592)5957216 E-mail: xghexm@163.com



- 3262 ¢E8

Chinese Traditional and Herbal Drugs 25 49% % 14 3] 201847 H

control of CBLG. In the modernization and standardization study of traditional Chinese medicine preparation process, mild process of

low temperature and short time heating should be applied as far as possible. It can reduce the effective components loss of original

extract (decoction of herbal medicine) in the preparation process and maintain the quality and efficacy consistency of traditional

Chinese medicine preparation and original extract (decoction of herbal medicine).

Key words: Compound Banlangen Liyan Granules; pilot process; process evaluation; ceramic membrane microfiltration; vacuum

concentration; vacuum drying; loss ratio; HPLC; characteristic spectrum
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MZkgig s C AL H R H B A H B 6 Fh
BB HIEE, UM 6 MRk, B
R R 2 F0 HPLC REAE BB AR LR N Fa b, PR IF
Fef% 2 #it CBLG Hik T2t /2, W 9T CBLG P & i
JERIE . REESKG . REETS TR, PhE &
TR 4 NGB T P R B &, N vP b 2 At R
AR TSR RS
1 UESHR
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A, GFECEIITE, HaESE, [HiE5E, DAD
LAHMGIN S, Zorbax SB-Cis A (250 mm X 4.6
mm, 5 pum), Chem station 3% T {E¥l; XS205 H
TR, B R - 52 R 2 A7, d=0.01 mg.
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fit CBLG. [A¥%Hil] 4 20161103 #t CBLG.
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min, 24%~27%Z.}E5; 45~48 min, 27%~33%Z.
Ji5: 48~55min, 33%~50%; 55~61 min, 50%~
80%Z.fiE: 61~63 min, 80%~100%ZfiE; 63~68
min, 100% 2.} ; 68~69 min, 100%~5%Z.JiE: 69~
78 min, 5% Z KD 0~12 min, 260 nm;
12~17 min, 240 nm; 17~32 min, 275 nm; 32~
38 min, 330 nm; 38~78 min, 260 nm; iz 35 C;
AR E 1.0 mL/min; #EAEE 10 pLo A TR
B0 R B ) B LI 1.
23 i miAaiRaEHlE
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Fig. 1 HPLC of CBLG test samples (A), mixed references

substances (B), and blank solvent (C)
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FRaE g, #8730 min, F4i/KHh ek i i &,
SRy B EIREAYST 0.3 g/mL, MHEE 50
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2.3.5 BRI RIER U T E
30 g [ 2 #k CBLG Ui FE % FR 2, in4lizK 50 mL,
Jalrl “2.3.47 W74
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Table 1 Contents of six effective ingredients of each process material in each gram of compound crude drugs of batch 20161102

Ji 54 U/ (mgg ™)

Ykt

iR (RS- HKE RS TR C Wy AR HHER 6 P RNy B
IS8 HT 0.389 3 0.256 6 0.156 2 0.199 1 0.298 4 0.5859 1.8856
JIES30E )5 VR 0.3580 0.2376 0.147 6 0.1820 0.2818 0.466 1 1.673 1
G 0.3380 0.2230 0.136 7 0.168 1 0.260 7 0.415 8 1.542 3
TE#H 0.232 4 0.122 1 0.082 1 0.1217 0.1457 0.292 4 0.996 4
J i R 0.2358 0.1270 0.078 0 0.123 5 0.143 8 0.269 5 0.977 7
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2 20161102 #t CBLG 7 6 HAENB N ET—S L HFIRLE

Table 2 Loss amount of six effective ingredients in every process of batch 20161102

MK E/(mgg™)

L JiEF (RS)-HMAE HEYE  wigirc  mERE HER 6 MaSs R
Wi 2 A 0.0313 0.0190 0.008 6 0.017 1 0.016 6 0.119 8 0.2125
BE BT R 0.020 0 0.014 6 0.0109 0.0139 0.021 1 0.050 3 0.130 8
BREHT TR 0.1056 0.100 9 0.054 6 0.046 4 0.1150 0.123 4 0.5459
UKL 5 TR T8 —0.003 4 -0.004 9 0.004 1 -0.0018 0.0019 0.0229 0.018 7

&3 20161102 #t CBLG ¥ 6 MIBYM P ES LFRIRFURKE
Table 3 Accumulated loss rates of six effective ingredients in every process of batch 20161102
R R E/%

L MR (RS)-HKE HEYW s c mMEME HER 6 Ma R aE
Wi 2 8.05 7.42 5.51 8.61 5.56 20.44 11.27
BE BT R 13.19 13.09 12.46 15.59 12.62 29.03 18.21
REAT TR 4031 52.40 47.44 38.87 51.18 50.09 47.16
RORLH 5 () 39.43 50.49 50.06 37.98 51.81 54.00 48.15

&4 20161102 #t CBLG & L4914 HPLC FHEEEHRRILE
Table 4 Similarity of HPLC characteristic spectrum in each process material of batch 20161102

Wkl R VR R 5 R IRAGR TEH PSR Xof HEARRAIE Pl %
JEE e TR 1.000 0.998 0.999 0.829 0.826 0.928
JIEE 308 Ji5 v 1.000 0.998 0.842 0.838 0.937
AR 1.000 0.838 0.834 0.935
TE# 1.000 0.999 0.951
J it UKL 1.000 0.951
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2 20161102 #t CBLG & ILFF 5 M4l HPLC $HEEE
Fig. 2 HPLC characteristic spectrum of five materials in each process of CBLG in batch 20161102
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=5 20161103 #it CBLG S LFYIRERERED D 6 MEURS S E

Table 5 Six effective ingredients content of each process material in each gram of compound crude drugs of batch 20161103

RS E/(mg-g™)

o JiR (R.S)- T i HE TARIEH C MY HER 6 P RS oy
JELIE AT 0.3540 0.266 4 0.173 0 02146 0.308 9 0.663 2 1.980 1
VY= 0.3255 0.2629 0.172 0 0.208 0 0.306 4 0.530 8 1.805 7
WRAFT 03359 0.268 1 0.146 6 0.196 4 0.298 9 0.5150 1.760 9
TEH 0.2410 0.091 1 0.093 2 0.136 1 0.1357 0.326 4 1.023 4
J it RRURE 0.228 3 0.087 9 0.085 2 0.124 7 0.1233 0.323 8 0.973 3

%= 6 20161103 it CBLG ¥ 6 MBEMM A EF— S TFHIHRKAE
Table 6 Six effective ingredients loss amount in every process of batch 20161103
T Wik E/(mg-g™)
JiRTr RS-HE HEH g c  WBERET HER  cMERRSER
Wi B AR 0.028 5 0.003 5 0.001 0 0.006 6 0.002 5 0.1324 0.174 4
REET WG -0.010 4 -0.005 2 0.025 4 0.0116 0.007 5 0.0158 0.044 8
REART T 0.094 9 0.1770 0.053 4 0.060 3 0.163 2 0.188 6 0.737 5
DKL 55 s 15 0.0127 0.003 2 0.008 0 0.011 4 0.012 4 0.002 6 0.050 1
&7 20161103 #t CBLG & 6 MBI ES TFRIRRILE
Table 7 Six effective ingredients accumulated loss rates in every process of batch 20161103
T R A/%
R (RS)-HME HEW wsirc mEMmE HER o Maduksas
W) B2 I Al i 8.04 1.32 0.56 3.09 0.78 19.97 8.81
BH BTG 5.11 -0.65 15.27 8.47 3.23 22.35 11.07
BEAET TR 31.92 65.81 46.13 36.60 56.08 50.79 48.32
FORLH R () 35.49 66.99 50.74 41.90 60.09 51.18 50.85

8 20161103 #t CBLG & L5474 HPLC FHEEEMILE
Table 8 Similarity of HPLC characteristic spectrum in each process material of batch 20161103

Wkl JELE BT JELE S5 WA TE¥ P A Xof HEARRAIE Pl %

JIE SEHT 1.000 0.998 0.982 0.853 0.818 0.919

I 18 5 1.000 0.978 0.861 0.832 0.925

AR 1.000 0.840 0.798 0.906

TE¥ 1.000 0.987 0.962

JE it RRURE 1.000 0.961
ML, SR 6 P Bus s S EMNESEMCHI RS RENERE, LR E, PR
FP YN IEIE RV > I8 5 > IR > T ER >N RE. EREEME. REETRYG . BREATT

i BURL; 20161102 #it CBLG % L5 HI4i 8 MK
NI R B B2 T4 > B B e >R B B
W4 > ki H K T4, 20161103 #it CBLG NiZ &

2T U > W Y FEL A > OR8> R AR

Wy BORLH TR — TP M A i, %
AR TR EB AR, X5H
AFE R A SR AL 2 Y BEAG E PR DI R, SR
FE P 2y T Z R BT il i, RS R

%5, HREBEAZSTRGKRENE R THM Ty, £ AREENEIEAEERM T Z, PR 27K 52557
IR B H A TR Lk CBLG 6 MA UMK Rl R Bk, 28 DR A i Hh 26 11750 14
KL, £5RNIEFr, Mid—PmbR WRIT
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0 11.31 22.61 33.92

M 4. 8§ FIE 2. 3 AT 0L, 2 fit CBLG & L7
I AERTE PR HPLC FFAE B S AU AN 0.998 [#
F1] 0.818, AHALLFE M 1 B IR 35 g FE 18 i > i
PEJE W > WA > T8k > ot ki . B8 2 ik
CBLG M#t W15 L9k HPLC RHE B 1S AH A
FERT, W& & TP RIsgm, YEE R,
PR T ORFE 250 5 B T R 2 KR ()
A P8, SRR 2 ) TP PR
2.5 CBLG FiIX T ZHiEtbLER

¥ 2 it CBLG Wik T2 ekl B 7 A 24
H 6 FAUY . 6 AR TES— P TF
HRERHRE 6 MA RS ES T REr 2R
PR HIAT I, SRR 9. 10 (A,
flH) 22 7 =20161102 #LEHE —20161103 HLEHR),
HPLC HREAF B AR PPAN 45 R L3R 11 R 4.

MR 9 4 R4E7R, 6 P R/ 1E 2 it CBLG
HEIA] 4 AR TF S AN SR & stk ) 22 5
A, Ho (RS)-HKE LRIEHE C. IR
HERR N 6 A Ul s Mo iE w e 2 R 8 7e ik
g R, A 0.045 1. 0.028 3. 0.038 2.
0.099 2, 0.218 6 mg/g, VLW 6 Pl s B 1R E K
TG TP = E TIRKMZES . Bk, AT REE
PR R R AR e M, N T OIR B IR L
JF I &

K 10 2R BIR, 6 FiA 8815 2 it kit

4522 56.53 67.84 79.14

t/min

3 20161103 #t CBLG & LF47% 5 MK HPLC $5EEE
Fig. 3 HPLC characteristic spectrum of five materials in each process of CBLG in batch 20161103

B Rg— TR Z R WAR, R, H
FAHEREWRS Ly ik st 255K, o
AIAHZE 0.030 4. 0.014 5 mg/g, TM(R,S)-5KEF. %
Mg Cy MM . H R 6 P s 1 2
BAERE BT T i R S 4 a) 2 7ok,
rAAHZE 0.076 1. 0.013 9. 0.048 2. 0.065 2. 0.191
6 mg/g. Uil CBLG fEREALH il A i fir, A
() j8 3 AE AT TR AN [R] T o B e K40 2R B 22 e AN TR
1. Fk, AT OREE At EREE, SE
AR BEETIRGENES TR TFRE,
g5 5 e AR 1IR3 254 7 ) A R A B &
AR TS FARL. (HFR 10 AT UL 2 4t CBLG #H 6
TR 8083 S B B 2 B T ) A R 401 R 2R A1 )
BN, AU 2.70%.

10 4510, 6 g & 7E 2 fit CBLG
(Rt TE] 4 AN OCHRE TP fr il s 2R AN R, AP
RO E & B — TPk ZIa B hR 8 BT
15 0.046 4~0.188 6 mg/g. fEIE 0.001 0~0.132 4
mg/g. REEAWLE 0.005 2~0.050 3 mg/g. ki
T8 0.001 8~0.022 9 mg/g. FFFAE RS 6 Fh
A RO Ay TR A AR R S R R R
35.49%~66.99%. 48.15%~50.85%.

11 AE 4 0] W, 2 it CBLG % 4 A L pid g
5 AMRLE) HPLC S FERFAE B35 [A] AHALLRE 9 0.999,
VLA 2 LT 20 AR B R AR LR R 4T
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*9 24t CBLG B LFMIRBREFENT 6 MBEYMN A ELLR

Table 9 Comparison of six effective ingredients content of each process material in each gram of compound crude drugs of two batches

FiESH/(mgg™")

FRRIY s BN BERW G B R
JiEr 20161102 0.389 3 0.358 0 0.3380 0.232 4 0.2358
20161103 0.354 0 03255 0.3359 0.241 0 0.228 3

e 2 & 0.0353 0.0325 0.002 1 -0.008 6 0.007 5

(R.S)-EHFH 20161102 0.256 6 0.237 6 0.223 0 0.122 1 0.127 0
20161103 0.266 4 0.2629 0.268 1 0.091 1 0.087 9

e 2= & -0.009 8 -0.025 3 -0.045 1 0.031 0 0.039 1

HEAF 20161102 0.156 2 0.147 6 0.136 7 0.082 1 0.078 0
20161103 0.173 0 0.172 0 0.146 6 0.093 2 0.0852

e 2 & -0.016 8 -0.024 4 -0.009 9 -0.011 1 -0.007 2

LIS C 20161102 0.199 1 0.1820 0.168 1 0.1217 0.123 5
20161103 0.214 6 0.208 0 0.196 4 0.136 1 0.124 7

e 2= & -0.015 5 -0.026 0 -0.028 3 -0.014 4 -0.001 2

e AR 20161102 0.298 4 0.281 8 0.260 7 0.1457 0.143 8
20161103 0.308 9 0.306 4 0.298 9 0.1357 0.123 3

e 2 & -0.0105 -0.024 6 -0.038 2 0.0100 0.020 5

HHER 20161102 0.5859 0.466 1 0.415 8 0.292 4 0.269 5
20161103 0.663 2 0.530 8 0.5150 0.326 4 0.323 8

e 7= -0.077 3 -0.064 7 -0.099 2 -0.034 0 -0.054 3

6 A Ry 20161102 1.8856 1.673 1 1.5423 0.996 4 0.9777
20161103 1.980 1 1.805 7 1.760 9 1.023 4 0.973 3

fthia) 2= & —-0.094 5 -0.132 6 -0.218 6 -0.027 0 0.004 4

#10 24t CBLG # 6 MAYMAES— L TFIHRAEMES TFHRFURKRILR

Table 10 Comparison of loss rates of six effective ingredients and accumulated loss rates in every process of two batches

PR R/ (mgg™) FBIUR /%

A R8Ty it MRl RERT READST FRELE REER RERKTE RERT PHREET
g . = D) THE g R4 TR B (e

Jig 20161102 0.0313  0.0200 0.1056  —0.003 4 8.05 13.19 40.31 39.43
20161103  0.0285 —0.010 4 0.094 9 0.0127 8.04 5.11 31.92 35.49
fEZS 00028  0.0304 00107  —0.0161 0.01 8.08 8.39 3.94
(RS)-HkF 20161102 0.0190  0.0146 0.1009  —0.0049 7.42 13.09 52.40 50.49
20161103  0.0035 —0.0052 0.177 0 0.003 2 1.32 —0.65 65.81 66.99
L ZER 0.0155  0.0198 -0.076 1 -0.008 1 6.10 13.74 -13.41 -16.50
HRE 20161102  0.0086  0.0109 0.054 6 0.004 1 5.51 12.46 47.44 50.06
20161103  0.0010  0.0254 0.053 4 0.008 0 0.56 15.27 46.13 50.74
fitlE 2R 0.0076 —0.0145 0.0012  —0.0039 495 -2.81 131 -0.68
RIEE C 20161102 00171  0.0139 0.0464  —0.0018 8.61 15.59 38.87 37.98
20161103  0.0066  0.0116 0.060 3 0.0114 3.09 8.47 36.60 41.90
L ZES 00105  0.0023 -0.0139  —0.0132 5.52 7.12 227 -3.92
e AR 20161102  0.0166  0.0211 0.1150 0.001 9 5.56 12.62 51.18 51.81
20161103  0.0025  0.007 5 0.163 2 0.012 4 0.78 3.23 56.08 60.09
fiEZS 0.0141  0.0136  —0.0482  —0.0105 4.78 9.39 -4.90 -8.28
HHER 20161102  0.1198  0.0503 0.123 4 0.0229 2044 29.03 50.09 54.00
20161103  0.1324  0.0158 0.188 6 0.0026  19.97 22.35 50.79 51.18
i ZES  -0.0126  0.0345 —0.065 2 0.020 3 0.47 6.68 -0.70 2.82
6 MAERNS 20161102 0.2125  0.1308 0.5459 0.0187  11.27 18.21 47.16 48.15
20161103  0.1744  0.044 8 0.737 5 0.050 1 8.81 11.07 48.32 50.85

ftim 2% 0.0381 0.086 0 —0.191 6 —0.031 4 2.46 7.14 —-1.16 —2.70
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F 1 2 MTRE 4 NIFYR HPLC MBREHEREEE 3 1

fE LR BYRHE S — 2 TR Rou A —E ik, A
Table 11 Similarity comparison among HPLC control T AE R ST T ZE 3 N BT S T 2 A K i R

characteristic spectrum of four process materials of two

batches of granules

s 20161102 20161103 o HERRAE R 1
20161102 1.000 0.999 0.998
20161103 1.000 0.999

— Ly BAw e, ARiGd s AMrEHt
(15 5207 AR 2GR FE 4 — i1 £ 0.3 g/mL.

O Z R SCERIRIEI SR R Sl H R Bl 2
J oy TN JE R P 2 & T2 R ARSI R,
6 FhA U (E [ —HE N & TP 4 o B4k ) 2 7

|

Uy n__,J'ELuJ-L,L,._WJE\J;,,, VNN B S ) R
i N 1 1 i
. i e e B A z s2
Ao U S B (S5 S S| WD U 0 N 1 VO SO st
33.92 45.22 56.53 67.84 79.14
t/min

S1-20161102 #t CBLG S FRAFAEEIRE  S2-20161103 ik CBLG X IREFE R R-rh 2 it E 3h A4 s o BB 4 4E P

S1-20161102 batch control characteristic spectrum S2-20161103 batch control characteristic spectrum R-automatic

generation control characteristic spectrum of the two batches

E 4 2t CBLG #tF 5 MNMIRIE R HPLC 3FRR4FERIELL 3

Fig. 4 Comparison of HPLC control characteristic spectrum of five materials in each process of two batches of granules

B, ETE B & B PP AR A 301 2R SR AT 1) 22 S 3D, 2
HEIE) 6 Fhfg Repli sy & B A HPLC AL IS A ALl 1)
W, BARGFRIAALEE, R 2 fit CBLG Hik
FS o R [ o B — B B

X1 i S LT X0F 355 i 522 AR T 1 2 PE A R B,
200 nm PEMEGIE T2 54565 E T2 MR/
BERRAILS SR (1 FEFE AT . ARFFLR 4 FIFK 8 7T
R, R RTICS R S . WRGEIRE B BO AR AL
CHBLEE 4 0.998~0.982), iR T &K &
MG ST BRSO BURL A AL R (AR
FEN 0.840~0.798), 2K AR E B TR %
AT A RKIR, 6 Fif Ry B EH RN
Ko ARSEEHIN, AT RFEF L) Stta) m 2 e
P, MESOGEREB RS TR PR E, IR

5 2 R SO R AR R o) S I AR R
T RE . SRR BERLER L R B
FITEA, e gk DA 208 o A2 IR 8 T B UK 2
2] A TR EAE T Rt B RER 6 Rl AL
R, AR R A BRIRE
BRRJESE, BRI N TRRE. W% TR,
W% TR — B HRGE GRALREIRLE) SFREIRE
TR E, AR5 IR DT

TEH BRI e A GRIE) (2T pighK
SRR RIS R, 3 850 2451 2 7% 180 v Al
25 T AHE R A P R v B B AT R B, 52
24 B AT R AR R, BELRS T A 2 Lk
R 3 VY SN ANPNS R PSS N8
SR /N JLIE A i IR B0 AR 7 ol R AT R R
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FEL, DT 7% AT IS AR T U R AR

BTG . ALK CBLG HHk L Z i FEVF

WFFER B : 2 #h = i P H RLRR L iE AR (R,S)-

A HEH RSP ZESR 50.06%~66.99%, %%

I C IR PR ZN 35.49%~41.90%; 2

It CBLG #L S 4EL 6 Bl U oy 2 8 B R BN

L ¥5) S R0 T A > 08 i VR > IR A v > T B A >

B RRL, 4 AN OCEE TR R B MR BN IR

B> JEE > E B kA RURL R R TR

2 fit CBLG & HEZT TR E 7N 0.545 9.

0.737 5 mg/g, Z Ly F LKL TIF; 2 4t CBLG

EFERBKRHN 48.15%. 50.85%; 2 HiLHALA %

Ykl HPLC 4k I3 AHALLRE il T B A 0.998 [

£ 0.818; 2 #t CBLG Jitihi 18] HPLC H#1iE Bl AH L

RAF CRHBLEE N 0.999) .

KT CBLG Hik AR = ik F 2 il S A 4
FEFR 2GR T2 e, MR E R AR
BTN AR PR T2, sl il 46 T, DARRRH 2
FEHGE GARD A R e & T AR T A R
B it PR 25 AR R B BGI G 7D i AT
R — k.

ARG AT HPLC VEZ )5 1 8 & R,
WNBRF IR — RIS, B25 4= iRt
WP A 3 feralr= i, AT LA 2 o ) A
AR 20T E 5 6 Fhsiar 7 o 2 iR
RSN, A BRI, difth. A
TR TS%E . o mE 2R REEE, A
RS Jait— B R .

SE 3k

(11 % W, BEE, THRBL % o242 g
FERE ST S 1] FEBZRE, 2017, 42(6):
1025-1030.

2] £ i, BEZE, IR, S WO RURE R R
FEARANE 5T 5 R I AR DGR AT (7], Th B2y, 2014,
45(2): 188-193.

3] X %, B 2%, BTEWE. 25 R R R
B [J]. hE 244, 2017, 42(9): 1808-1813.

[4] ® W, KEHE, WRZ, & & E P ARE R A
MRARTIENFT [J]. FHEZY, 2013, 44(23): 3253-3259.

[5] Wuite, miRME, £ 5, & el E —Er
BUIR 17 88 K (RAIE SRS BE 70 0], R E R 2243, 2017,
42(19): 3826-3830.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

4 B, BRRE, F OB RERKE RS
FL[7]. HEEIE TR E, 2010, 16(5): 64-67.
WA, | OF5, BRO&, % RERPMPURTEENHE
B [ R RRZ, 2005, 3(6): 359-360.

MR, R, O, F ZSRBWIBLR ST
AR [J]. BB FEERYAR, 1999, 2009): 614-616.
R, YA, XS IR RS R R T R
LTB4 74 R /MREEL R [J]. B _FEKEE
1}, 1999, 20(5): 301-303.

WHR, & . HERMAEERTER 1] 4
YILEIN AT, 2011, 34(5): 384-387.

TR, ZA, O, % EE T BRI IO 6 T
SR ST [J]. IFRZ5%, 2010, 22(11): 18-21.
wailE, M M, B, B RARTHE SR BT
WGBSR ERH R ] R, 2016,
47(9): 1525-1530.

TAEB, Mgl RE fh, S5 BTG T R Ry
TR KA MR [J]. P4, 2018,
49(1): 115-119.

X i, SRR, BZsfE, % FEHRRENETE
RT3 M OENIEES BB [J]. FESER T
A48, 2016, 22(20): 39-42.

SkEF, WRET, WAL, . ROUE e B kE A
T 2SRRI R B (1] RAHAS5IER
243, 2011, 22(1): 108-110.

raill, ¥ M, DR ERORE Gk fr B e
2 R R SRR [7]. WEBkZG2E, 2016, 28(2):
8-11.

OB, FREK, BEFF, S BT HURE AR U AR
WA MR BURL 1) % R R AR (0], R EEZG, 2012,
43(2): 259-264.

XU, WM, & . RSB I EE & 2 HRbR
SEERTAWHRFWRETN I REP LR
&, 2014, 39(10): 1816-1820.

X)W, A, AR, & JERE S L2
YRS [1]. THELZE, 2015, 46(16): 2407-2412.
IER, T, 20K, 55 BREEAR G 6] sl i
ROy B L2 R S ERE R (0], P2, 2016,
47(9): 1515-1519.

JAFE:, SO, R, 5 P KIREUR SR A
B RAR M M A 4 AT (7). R, 2014, 45(23):
3478-3485.

IO, FEHAR, LM, . SN LIS R R
WP BB RN L ERETR I ks,
2012, 34(1): 169-172.

¥

~



