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Abstract: Objective To study the spray drying process of the water extract of Danggui Buxue Decoction (243%k L%, DBD) by
using the method of mixture design, and optimize the spray drying process by focusing on the retention rate of ferulic acid, ligustilide
and other thermally unstable ingredients. Methods The dry powder yield, hygroscopicity, fluidity and the content of index
component ligustilide of DBD were used as evaluation indexes to screen the excipients, and the ratio of the screened excipients was
optimized based on mixture design. On this basis, the spray drying process parameters were further optimized with the yield of spray
dried powder, ferulic acid, calycosin-7-O-B-D-glucoside, ligustilide content and retention rate as indicators. Results The screened
excipients were hydroxypropyl-p-cyclodextrin, micropowder silica gel and microcrystalline cellulose. The regression equations of
spray-drying powder yield, moisture absorption rate, repose angle and the ratio of the screened excipients were established, and the
preferred ratio of excipients was 0.500 : 0.226 . 0.222 : 0.052 for dry paste-hydroxypropyl-p-cyclodextrin-micronized silica
gel-micronized cellulose. The optimal spray-drying process parameters of DBD were air inlet temperature of 170 C, air flow rate of
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37 m¥/h, and the atomization under the pressure of 0.061 MPa. Under such conditions, the yield of spray-dried powder was 58.92%,
the retention rate of ferulic acid was 50.26%, the retention rate of calycosin-7-O-B-D-glucoside was 54.98%, and the retention rate of

ligustilide was 27.74%. Conclusion The optimized excipients and their proportions in this study can better improve the yield of

spray drying, improve the properties of spray-dried powder. The optimized process conditions can better retain the thermally unstable

components such as ferulic acid and ligustilide, which can lay the foundation for the subsequent study of DBD preparations, and

provide a reference for the study of spray drying of other traditional Chinese medicine compound extracts.
Key words: spray drying; mixture design; traditional Chinese medicine prescriptions; Danggui Buxue Decoction; thermally unstable
components; hygroscopicity; mobility; ligustilide; ferulic acid; calycosin-7-O-B-D-glucoside; angle of repose
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30 min, F{Z& 3K, HK 30 min, jEId R,
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Hz; Z4kHE 77 0.05 MPa; #ERH#E 12.5 mL/min i
FLEHATH T, RISm4.
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um) EERE; B Z85-0.2%0K LB KB, B
JEBENG: 0~16 min, 15%~23%Z.ff: 16~20 min,
23%~28% 2. i ; 20~25 min, 28%~30% i ; 25~
30 min, 30%Z.fi%; 30~35min, 30%~65%Z. fif;
35~45min, 65%~95%Z.JE; i 30 C; Ay
£ 302 nm; AR E 1.0 mL/min; #EREAAFR 20 pl.
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Fig. 1 HPLC of reference substances (A), DBD sample (B),
DBD spray drying sample (C) and blank reagent (D)
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Table 2 Effect of single excipient on yield of spray dried

powder and content of ligustilide in DBD
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Table 3 Effect of mixed excipients on spray drying effect and content of ligustilide in DBD

LE VSR LS HRMAC /g 135 1% W (% NG A NEER/(mg-g )
HPCD+ck RERRS +H FE i 1+1+1 44.23 21.87 38.66 0.355
HPCD -+ ek i +MCC 1+1+1 57.90 21.54 39.69 0.521
HPCD -+ ek fe i + LA 1+1+1 55.59 24.09 45.00 0.588
HPCD -+ ek e i + BTG 1+1+1 53.41 21.76 42.30 0.526
HPCD ek RER + B- R M A 1+1+1 57.70 22.23 43.53 0.719
HPCD + ek IR 15+15 49.77 22.21 38.66 0.354
DBD H:#EFE dh - - - - 0.327~~0.608

30

201

S

E —o— HPCD+ (M REM + H B
= 04 ~#— HPCD Rk Ll +MCC

HPCD+ P [ + 7Lk
~¥— HPCD-+ U RERE + M
v HPCD Uiy RERZ 4 B- 3R M1 A
-— HPCD+ by RER

2 4 6 8 12 24 48
t/h
B2 3MEEER ST M NUTRZL
Fig. 2 Hygroscopic curve of dry powder mixed with three
excipients

FIAS A3 30, WA 5 R 1B A BN BoRGEE
WSR2 2 . HPCD+ ik A ik +B-CD 1 T 53m
AT B-CD, SGRIHERNER > BEANBR ) & &,
F ke, L2 HPCD kit i 5 HPCD -1
¥yt fig +p-CD it —22 %% HPCD 5 B-CD frf3mi1
FyEAVE I REE, S5 RN 4. SRR,
1 HPCD & AT AR m B A AR ) & &, PRI
IR & % B HPCD + # k¥ 5 )R + MCC i 47
D-optional Y& &} 114k DBD Wi % T &4tk L L
24 CEFRhEIT

K H D-optional VBN THT71%, ASREURIE &
B (FERE 53RN ERERER, 7
ACAETR 43238, 48 h R AR kA S A A I
%k 4 HPCD 5 p-CD % DBD FiE TR R EANES
E=1:0EA1)
Table 4 Effect of HPCD and B-CD on spray drying effect
and content of ligustilide in DBD

PR WIRAES PRAEA ) B AR

R
% % () (mgg™)
2 HPCD+ 1k i 5470 1551 42 0.516
HPCD+ Uk EAR +B-CD 55.46 18.60 45 0.498

& B NE bR, A Design Expert12 #cf4: () Stat-Ease,
Inc. 4 7 tradifh, o€ by NRR, 48R E 5, &
BOREHEHER, %3 6 PRI DBD #RIUK KAk}
% TR TSR “22.17 BUFBT TS,
Wi, SCERME TR, DIE R, SR IR 6.
=5 BRI E. TR
Table 5 Upper and lower limits of mixture design

PP $EEUKIE & & (A) HPCD (B) MeHifEE (C) MCC (D)

TRR 0.5 0.05 0.05 0.05
R 1.0 0.50 0.50 0.50

PRI %M: A+B+C+D=1
limiting condition: A+B+C+ D=1

DI NIRRT IRk Z R, o3 A g
WX 7 KK 3. 4, BMEETRE: 15%=49.58 A+
43.27 B+63.74 C+25.39 D—18.46 AC—67.93 BC+
22.34 BD—14.11 CD—435.95 ABC+125.53 ABD+
888.13 ACD—77.06 BCD.

T7 AT A RN 7 o, HRNA 7 R Y
P<<0.000 1, F/nHAR HAMREENM, KU P=
0.159 1>0.05, F/RERMUUN TIRZEALZE, RN
WeZE Bl TNAE 5 L SE B A s 35 50 o A fE B 2k
JAEL TR, UEIZAREGAh S AR A )
HRE, AR AT BRI AGAE . B P R
# R?=0.989 5, fIEUE R R?=0.975 2, TiH L
R T R AR T I [R 25 97.529% 1A 0 Bt A5 4k . A8 57
R (CV) MR EEE, HABNRRB
BEEME, AR CV N 3.17%, HHEEEE
B, MR AT IR N S E . B TR R
B AR R B S RS A R B B AR R (5 B2
b, Aszgerh(Emetl )y 35.761 4, (5572, M
A A AT T SRR .

HABHEC X 1926 520 3D K& (A=0.505) #]
RO EARXE ISR B 5 C, £UEET B RN
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Table 6 Results of mixture design
Wik W KR EA PR/ L i LT N % N =T
K5 A B C P . L |Fs A B R Ion sk . -
%1% %1% M) (mg-g™) % FI% M) (mg-g?)
1 0.676 0.220 0.050 0.054 46.37 17.32 4227 0.111 | 11 0.500 0.225 0.050 0.225 40.95 15.80 43.60 0.150
2 0.500 0.197 0.151 0.152 49.87 15.28 46.67 0.115 | 12 0.674 0.050 0.223 0.053 54.77 13.99 4227  0.065
3 0.500 0.055 0.224 0.221 42.40 13.93 43.60 0.119 | 13 0.500 0.225 0.050 0.225 39.19 15.14 4360 0.211
4 0.500 0.050 0.400 0.050 63.06 11.68 43.60 0.093 | 14 0.674 0.052 0.053 0.221 40.10 18.21 45.00 0.075
5 0.508 0.223 0.220 0.050 66.39 13.75 42.27 0.138 | 15 0.614 0.170 0.050 0.167 46.67 18.84 4227 0.140
6 0.559 0.050 0.109 0.282 50.50 11.88 43.60 0.051 | 16 0.674 0.052 0.053 0.221 39.75 20.29 43.60 0.058
7 0.674 0.050 0.223 0.053 52.52 14.96 42.27 0.057 | 17 0.676 0.220 0.050 0.054 4527 18.09 43.60 0.094
8 0.500 0.110 0.285 0.105 62.09 12.48 4500 0.108 | 18 0.500 0.055 0.224 0.221 40.31 15.73 43.60 0.084
9 0.850 0.050 0.050 0.050 50.31 19.25 45.00 0.044 | 19 0.615 0.158 0.156 0.071 47.49 17.34 4500 0.137
10 0.500 0.050 0.050 0.400 25.38 14.76 48.01 0.051 | 20 0.500 0.400 0.050 0.050 44.29 17.10 48.01 0.189
R 7 UBRAERREREVIER BE MO
Table 7 Significance analysis of mixed experimental regression model with yield as index
FEKRE CFHM AHE W7 FIE P BEMWFZERR FHR AdE ¥ FHE P BENE
R 17051233 11 155.0112 68.847 4 0.0000 #%E%| ABD 18.0450 1  18.0450 8.01460.0221 &
JEEHEJY 1256.1712 3 418.7237 185.9738 0.000 0 4} 2| ACD 206.2676 1 206.267 6 91.612 6 0.000 0 1% &%
AC 226494 1 226494 10.0596 0.0132 £%¥ | BCD 50877 1 5.0877 22597 01712 AE#
BC 170.6574 1 170.6574 75.7965 0.000 0 #f &2 | % 180122 8 2.2515
BD 341742 1 341742 151783 0.004 6 tKEFH| KW 110818 3 3.6939 2.66500.1591 AL
CD 121451 1 121451 539420.0487 B3 | 4Rz 6.9304 5 1.3861
ABC 1229767 1 1229767 54.61940.0001 thE¥| ME%E 17231355 19
7097 A / 99j B
A ] o
60 //-' gg -
o
50 %96 38 g -C’mD
= o g 50 . Fu
2 0 & ) g8
# N
30 | =
/F/ 14
204 7
20 30 40 50 60 70 3 2 -1 0 1 2
SEhRE AL 2
El3 SEREFEBSFAOTNESIFMEXNL (A) FFKREESE (B)

Fig. 3 Comparison between predicted value and actual value (A) and normal plot of residuals (B) of regression model of yield

analysis

B 5 C (HPCD 5ot BUHEIN B RESR 1% 5
H T8 5 PRI Lo/ 225200 3D ¥ (D=0.137 5)
ARIRA R X E NS A, REGNTEE (H
RS ED) 22 FIK/532; {53 Design Expert 12
AL M EATTRE, DUR RIS 2 VE ] 50%~75%,

Hbr#aT 70%, RERMEECLL, 15— RIVBRECLL,
BB Y6 . 0.500<A<<0.689. 0.050<<B<<0.233.
0.123<<C<<0.338. 0.050<<D<<0.206.

VL A ARG . Ik A S A R s 5 oA
Fabr AT ik 2 00 EE, @A AT 5
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Fig. 4 Influence of proportion of dry paste and excipient on yield

T Wi % =18.91 A+16.90 B+11.33 C+14.65
D+13.14 AD—4.53 BC+7.46 CD+107.74 ABC—
281.10 ACD, R?=0.943 6; 1K 11 =45.09 A+47.98
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AD—15.76 BC—17.59 BD—10.76 CD-+93.69 ABC+
147.35 BCD, R?=0.949 7; A P52 5 =0.003 8
A+0.020 8 B40.009 1 C+0.008 5 D—2.742 22 AB—
0.223 993 AC+1.932 75 AD—16.441 01 BC—1.396 15
BD+19.899 90 CD+35.508 28 ABC—27.729 20
BCD, R?=0.940 7. 434 ke bt #s AR e 1% o

IMANTE K BEA A B & R, SR IE 5. KRR
PEX AT C, mIEX ST A 5 B, Ui gl
W ek 2 (1) B B AR R W, i+ &« HPCD 2>
BB R AKX SRR C, MRk ff
X BES5EIT D, B I0ARON: Rk e (17 2 REXG IOk AR Bl
W EA NS S E X E ST B, RN HPCD (1)
B IMEARNERR S R, DU RS R

50%~75%, H bR T 70%; W IR e Fl 10%~15%,
H brifa T 13%; R 1 MV Bl 42°~48°, HArta T 45°;
AN R E S HIEH 0.110~0.211 mglg, Hbri
T 0.015% CFi A P4 FR 77 16 4K 48 i 1 24 U5 ot A 0k
W58 Hh B P i & VG D ATRE 2, X R |
PRI S BE AR NG S s I A T FE SR e A A, 2%
kD L 45 5 A=0.500, B=0.226, C=0.222, D=
0.052.
2.5 HHRECELIGIE

FAR I BC L 45 AR DBD KR Sk, P
17 34, % “2.2.17 LU FWI% & TS5,
WS TRy, MEIER. R, Rk L FEAN
P, @RNE 8. ILm ANk b ie hil i
AT S T8, BT aeaim, WahtEEdr,
W VA BT BRI 7R R L2 s 0t — P s,
A TR [FIRTSEPRm TR 28, B PE. R
1E A F B P I A 5 g 7 B A A R T B AR
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B (0.05)

C(0.3125)

C (0.295)

0.25

o
[N
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Fig. 5 Influence of proportion of excipients on moisture rate (D = 0.137 5, a), angle of repose (A = 0.605 0, b) and content of

ligustilide (D = 0.137 5, ¢)
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£8 WHELBIESR SHE— S HIE W T e ST TR ey 5
Table 8 Validation results of auxiliary material ratio 2.6 Box-Behnken i&it-Ma R Bt Litie

s HE% W 1% PRIEFI) 26.1 R R XH Box-Behnken it-if
1 66.49 13.0059 4227 PETVEIRPE, AR A RIS R, B KR
2 65.89 13.153 6 43.60 (A). XE&E (B). WiZ 571 (C) fEARER, BAK
3 68.54 13.2430 42.27 FEHL 3 AR, ALRA TR AR N, H Design-
X+ts 6697+1.39 13.13424+0.1197 42.17+0.77 Expert 8.0.6 %il924, LG % KK Rt
RSDI% 2.0 10 18 g5 R 9 K8 6. Ll DBD BITHAEE (YO &
PN 70.00 130420 4215 LR R 5 (2D S 5 MR 4 7 2

%= 9 Box-Behnken Mo IR I&IT RER
Table 9 Box-Behnken response surface experimental design and results

Ji 5 #/(mg-g )

\ [= o Ve a =4 YA

A TasH AI'C B/Hz C/MPa 35 % S LAV
1 180 (+1) 90 (0) 0.065 (+1)  60.11 0.359 0.142 0.577 95.92
2 160 (0) 100 (+1)  0.035(-1)  55.80 0.412 0.141 0.536 94.21
3 160 90 0.050 (0) 55.97 0.403 0.143 0.494 92.70
4 180 100 0.050 58.15 0.323 0.139 0.531 90.97
5 160 90 0.050 52.46 0.378 0.132 0.462 86.69
6 180 80 (-1)  0.050 49.63 0.291 0.129 0.516 81.88
7 140 (-1) 90 0.035 29.66 0.224 0.076 0.311 51.35
8 160 80 0.035 48.44 0.367 0.124 0.535 84.72
9 180 90 0.035 55.29 0.365 0.137 0.539 91.05
10 160 100 0.065 59.63 0.222 0.143 0.619 90.40
11 160 90 0.050 51.84 0.383 0.136 0.489 87.84
12 140 100 0.050 28.19 0.152 0.075 0.316 46.89
13 160 90 0.050 49.65 0.363 0.127 0.487 84.09
14 160 80 0.065 52.11 0.255 0.139 0.608 86.07
15 140 90 0.065 33.60 0.114 0.092 0.420 54.36
16 160 90 0.050 54.60 0.380 0.139 0.476 89.56
17 140 80 0.050 26.86 0.088 0.072 0.304 42.10

— A
LRE1R9)

GrAriFs

B/Hz

E6 ZATFSHtEEREFSLKE
Fig. 6 Surface plot and contour plot of composite score
ﬁ (YB)\ %KW@EE&%%@ (Y4) yﬂ'\lﬂ”ﬂj’ﬁ*ﬂ?, j‘JF Xmax+0-2 XZ/Xmax+0-2 XS/Xmax+0-2 X4/Xmax)><100°
WP HAE, HHGAEVFS, 810 =04 XJ 262 FBENESWBELE RSN ST N
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AR (Y), #EXGRE (A, K& (B). BiZEIE N
(C) NHZ R, XLk rfsas 5k Design-Expert
12 AT A 0T, FREAT A N £ ek
PERNVAR AR, FRIEIE A RE () SKAIWE
RIMILEFEEE, XS A S HCRH ANOVA
BEAT oM, J7 2 i R AR 100 LA 455845 —
W) FE: Y=20.64 A+3.462 5 B+0.677 5
C+1.075 AB+0.465 AC—1.29 BC—19.198 A2—
3.518 B2+4.192 C2.

H# 10 H* ANOVA J7 Z 40T al i1, SAG AT e 5
R R E 28 R2=0.989 4, W YE R Ru?=
0.975 8, Hifl F=72.66, P<<0.000 1, #HiZ%ii%!

HAWBZEMEE S KT P>0.05, #AREZE
S, RENZA S IO HAR LA TEE R IF. AL B.
A2, B2, C2, I P{H¥/NT 0.05, REAHXLEEVE
oy B RE TR . CV (AN 3.55%, i B[ &
BUPEIR YT, 1% w] T DBD Wi & T T 21k
A SEEG S LA 24.295 6, 155782, Uil
AT St =m. SRERAEmRE#T F
B, F KRR ZF R MR, %)
RN GE B VT BRI T gk KGR > XU >
W% % /1. it Design-Expert 8.0.6 H {4 HIE4b 1
P#32] DBD Wi%E TR T2 280 KR
170 ‘C, Z MK 37 méh, ZEAkLJE /7 0.061 MPa.

=10 ANOVA FEHH
Table 10 ANOVA for response surface quadratic model

FEKRE CFHR AdE ¥y FME P REW|ERE CFHM AdE ¥ FHE P BEM
MR 5194591 9 577.180 72.661 <0.0001 REF| A 1551.850 1 1551.850 195.350 <<0.000 1 &3
A 3408.080 1  3408.081 429.010 <0.0001 %% %| B2 52112 1 52112 6.560 0.0375 %
B 95912 1 95.910 12.070 00103 &3 | C? 73.990 1 73.990 9310 0.0185 ¥
C 3671 1 3671 0462 05184 k7 55.613 7 7.945
AB 4620 1 4622 0582 04705 S 14214 3 4738 0460 0.7266 F %
AC 0865 1 0864 0.109 0.7511 a7 41400 4 10.350
BC 6.660 1 6.660 0.838 0.390 4 MBZ 5250200 16

2.6.3 mALLTTHIRIEIRLE M R R T
M T 228004 3 #it DBD W% T-1pE b, Yl sEms
FHr, MEBFRER KL 3 MatrtER &=, JF
THHEARER, SRLE 11, FHERN 58.92%,
B B0 R T S5 (R B RN 50.26%, 685 5 B 1 48] ) EF
PR Ry 54.98%, EaARNEE-FIREF N
27.74%.

1R B R = TRy o R & B T AT 25 R B

Fz 11 JMAFEIELER

Table 11 Validation results of optimal prescription

g5 (mg-g™)

\ B —
RS gwme mmm T
BB
1 58.75 0.358 0.158 0.607
2 58.59 0.352 0.156 0.603
3 59.41 0.355 0.157 0.602
X +S 58.92+0.43 0.324+0.003 0.144+0.001 0.406+0.003
RSD/% 0.74 2.28 1.66 1.23
3 Wig
Z M T R E A A RIS E, R TR

Zia T A IREGR TR — IEAR, HIHAA
SriR R GEIGE. Ga T T EARFE R Y S
A 3 ) 7R S5 R R BILAR A 7o et 0T ] SR s 2 B
JRRATH 100 B (ARG #4757 H 3¢ GE—HD)
THEERMERS P4 AE AT 83 1, HE W2
PR s, A4 UaE 25 EAL I, AR
P 23 K5, 220k b 245 5 O R e M R RN R R
gy, DMEGUKRLE T 28 & %5 R A nr A3,
S 1 v 1| P = R O S el G 9 R e a0
JE RIEIT R CBEII, SR T 4t %5 TR AR AL
T AEF=fG, HA RS B0 28 H R oG
W) —, X R Tl Ak AR P SR A A
(1) 21

AR R RN 7L, B R RS
Box-Behnken i Si[fiv%, PARGA PR B 26 S50 15
FAFEFM IR, LA T DBD KM% T
LT TS, R IR T3 i mE
T3P BT 11 [ B T R R BE BN AR S M R o0 B B R
AE Ry BEAR B, [R5\ 250 2 VTN 5%
S R O3 T e B I TR R N TR R AR, fik



P2 P 2023448 #54% H7H  Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

* 2095 »

WS T T2 e v 5, HEIML, AR

#4477 DBD I Kt — e 2% .

A, KT MER K, EFEET

6 Sy We-aNt ) 1] e o e B L R 25y p

R N LIPS Y N RIS S e S

VRS, EIGERRL EOLR AR RIECEE, A

AR E Lo B AR A A 22 3044 5 52 75 IR

RIEET =M% . K2R THIFIRF R K

HIFI AP . DA & R ISR A, Bl

245 b AR T S — RAIERE (b k. g

YO 2RI TR IR A, W%

TRk Ch2giRIA) 1 h% a7 57 %R R

Ry TE A, o AR R 5 15 ORI s i 2 77 151

P& 2%, B8 EAZ 0 2D R

s, HATCMGSE B e bnoxs Hek AT yR I 15 A7 42

—EMGRIE, JEITRE S Z PPN EOR CEYIVET

PRRVPAN S, 18 17 AT DA SE S Hb A4 v 245 55 775 1) 57 1Y)

SRR I I AR, ORI R 24 55 ) o 5 AR PR A

— 3k, MMi{Eda 2 07w AM RS K, N

2T 24 (I R SR it Bl 5 120-280,

FBAR ALY EARELEFZFR

2% 30k

[11 BMEx, W, 250, 5. Wi T RIE b 2k At
Foh RN R [3]. b SR U7 N Ak &, 2022,
28(14): 200-208

[2] ikt fTHE, VrRE, . ETFREET RO ERRR
N URLIEE 55 sk T2 AL [J]. P2y, 2017, 48(10):
2061-2066

[81 FkME, T4, b, % WEE TR T A
¥ [J]. T4, 2019, 48(9): 907-910.

[41 #ig3e, T, Tig, % BIE TR TR 0] W
KALGEEZY, 2018, 14(9): 97-99.

[5] EHi, 503, WBE, & PSR N S
wm At [J]. WmPREE 25 SCmh T A &, 2018, 5(62):
193-194.

[6] B, KA. b 2w 5 TR R 1 % IR K i)
Ji [ LA, 2021, 42(2): 8-11.

[71 & 7REZE. HRMEE WM [M]. Jbx
o [ 2R 2R HH kL, 2011 39-40.

[8] kB, FHTIF, Wik, & HET WL 2 Oy FR
FARVS VAR L7 VR TT B K A5 A0V 7E /R F AL At
F [l HAREEAR—REA I, 2021, 23(4):

(9]

[10]

[11]

[12]

(13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

1076-1085
Fackk, XU, BE, S ME-HIEARX R AUE L
fERE R [ WP ERIR TR E, 2021, 27(6):
207-216
WHEE, Z2RL, 2%, 25 4R S A
& [J]. %24, 2020, 51(21): 5658-5663
ke, X, ENE, & HArnmE w2
FRPEF I A R BRI 308 R O o 26 A T
[0 TEFZERE, 2021, 46(11): 2677-2685.
RINGE, FI0E, WG, % KEAGMAFETHT R
XTHAR S 15 m [J]. &L, 2022, 53(11):
3306-3313
WINAT, BENTE, Jk/NK, & T GC-MS b
g W% 2B T Y TR MR B Y
(Q-Marker) [J]. Hr#24, 2021, 52(9): 2696-2706.
HAN, BB, AT, 5 BT R E AR S (Q-Marker)
CEMIE UM REREES PN [J]. A
24, 2021, 52(9): 2527-2533.
XIWHhn, TS, KA, 5 LUK S -
BORIAE FITE MR =R EY [J]. HEZ, 2021,
52(9): 2626-2637.
MG, PR, DEZE, & OB THTR RBEN
AR 4875 20T 24 V3 SRR R B A 1 5 1 SR 9]
thi2Y, 2022, 53(23): 7403-7413
ZRE, VSR, TR, S5 4RIy ZELE
FA B 5 B bR & W0 (Q-marker) [ TR 43 4 [J]. th A
BEZG4T), 2022, 40(6): 40-47
W, AR, R, R T R B AR
FeATI P A R LA R [3]. Wl 2%, 2020,
32(10): 18-22.
PREEER, mikUR, PREEIN, &5, MaRb s B AERE B
BEIEHI LR [ AN R TL, 2022, 45(11):
2247-2256
¥, BFE, PRk, & G T 5 T R R SR
[3]. A ESLI6 7748, 2019, 25(24): 166-172.
FERRAE, JTHENN, 3KfE, & HTEGKEET MY
AR R Ry BEAR N R EAE AL T AL [3).
k&, 2022, 57(8): 628-635.
iktE, IR, DR, % PE LR TR
ARG HFEHRBERE [0 FEZ, 2021, 52(15):
4711-4721.
e, TOWE, RBRE], . S TG HIE AR
A LEHAL KRB IR R [J]. B a h B2 R
1}, 2019, 35(5): 601-605.

[Fresmit  #RALRE]



