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B E: BY XRHAROSHEEARMAEREZET (Gegen Qinlian Compound, GQC) REMEEEYERE, ik i f: et 7 &
METE, NEIFITRIRMIES. 3% PR (ballmill, BM) FIi%F4E (spraydrying, SD) S MM A, %M
ZEAMEE (Si02). ZEEAFYEER (ethyleellulose, EC). MJEEREE (magnesium stearate, ST) 3 FhiPEA, 4 GQC MPERE
¥ (rilgmS 8 GQC/BM-SiO2. GQC/BM-EC. GQC/BM-ST 1 GQC/SD-Si02. GQC/SD-EC. GQC/SD-ST). M5 ettt i J5
GQC ZEMMIRE (D). FkKE (HR). WRIEA (o). B (D). IRTLERE (Do ZEMPIL dH. R/R$EH O,
FIBRER (L) FERE (Dso)s WADATEE (span). FAETERE (width) KHGEMA (SSA) Bil 12 MZgidehs, &y
faa B, BEATARUE T & AR 5 AN —IERE, RABRE R REUATERE, HEEER LSRR
4y, Rkt T %, FARE P B8 (scanning electron microscope, SEM) M EHI TR AT SLE BN . £ R4 #T (principal
component analysis, PCA) VETFM —ZFa R TTHRER, fRi/N 3R HT (partial least squares analysis, PLSA) 54341 ICEE 48 b
H. SSA MR, &R K15 GQC BB K 6 HEMERE R (GQC/BM-SiO2. GQC/BM-EC. GQC/BM-ST Fl GQC/SD-
SiO2. GQC/SD-EC. GQC/SD-ST), %:il¥yER48ar BIE I v+ EAHMLEE . BM ethERT, HRohE GQC iR EMAHLL, GQC/BM-
Si02. GQC/BM-ST. GQC/BM-EC IMIMLLEE 435174 0.953. 0.920. 0.969, il A& ; SD sbklt, Skt GQC REH
HHEL, GQC/SD-SiO2. GQC/SD-ST. GQC/SD-EC [WAHMLE 73714 0.477. 0.449. 0.439, USRI, —RIEFIERECN
WEhE 0.104 8, FAUEEME 0.134 1, JEZEPE0.111 0, F&5EPE 0.133 1, ¥2I1E0.517 0. BM A, GQC/BM-ST L& 17 f i
N 50.54, RTET 18.92%; SD Mttt G4 A E BN 62.65, % T 47.41%, GQC/SD-ST X R tE, N 63.21. SEM &
N, WERERRERMERIA S E R B RE, KFREDEN, KNS, FEBES. PCA /R, IH. Dso. span. width. SSA
TIHRE K. PLSA Z7~, H 5 a. IC. width. IH. Dso. span. SSA XBEE 3%, S K%M, SSA 5 Dso. width. span %
R 2, KR MESERE MR K. 4518 RESMERR TR G GQC B EM LR & 1EEE, SD B BORBUT, MR BE LI Pr 4y
e, AR RIEHRSE.
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Improvement and evaluation of comprehensive properties of Gegen Qinlian
Compound extract powder based on surface modification technology
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Abstract: Objective To optimize the comprehensive properties of Gegen Qinlian Compound (GQC, & %1% J5) extract powder
using surface modification technology, screen the best modifier and process, and provide guidance for formulation development.

Methods The ball mill (BM) and spray drying (SD) coating modification techniques were used, and three modifiers, silicon dioxide
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(Si02), ethyl cellulose (EC) and magnesium stearate (ST), were selected. The GQC modified extract powders were prepared and
designated GQC/BM-Si0O2, GQC/BM-EC, GQC/BM-ST and GQC/SD-Si02, GQC/SD-EC, GQC/SD-ST. All powders were measured
secondary indicators, including A, HR, a, Da, D¢, IH, IC, Ie, Dso, span, width and SSA, draw physical fingerprints, and conduct similarity
analysis. Convert the secondary indicators into 5 primary indicators, determine the weights using the entropy weight coefficient of
variation method, calculate the comprehensive performance score, screen for the optimal solution, and observe the changes in particle
surface morphology and structure using scanning electron microscopy (SEM). Principal component analysis (PCA) evaluates the
contribution rate of secondary indicators, while partial least squares analysis (PLSA) analyzes the correlation between key indicators
H and SSA. Results GQC and six groups of modified powders (GQC/BM-SiO2, GQC/BM-EC, GQC/BM-ST and GQC/SD-SiOz,
GQC/SD-EC, GQC/SD-ST) were obtained, and physical fingerprints were drawn and similarity was calculated. The similarity between
GQC extract powder and GQC/BM-Si02, GQC/BM-ST, GQC/BM-EC were 0.953, 0.920, and 0.969 respectively, indicating negligible
modification, GQC extract powder compared with GQC/SD-Si02, GQC/SD-ST, QC/SD-EC the similarity were 0.477, 0.449, and
0.439, respectively, indicating significant modification effect. The weight coefficients of the first level indicators are: liquidity 0.104
8, accumulation 0.134 1, compressibility 0.111 0, stability 0.133 1, and uniformity 0.517 0. The comprehensive score of magnesium
stearate modifier in the BM group was the highest at 50.54, an increase of 18.92%. The mean value was 62.65 an increase of 47.41%,
After SD modification, the best modification effect of GQC/SD-ST was 63.21. SEM shows that ST uniformly coats the surface of the
extract powder, with smooth particle surfaces, uniform sizes, and high roundness. PCA analysis shows that IH, Dso, span, width, and
SSA contribute significantly. PLSA analysis showed a significant correlation between H and a, IC, width, IH, Dso, span, SSA, which
were related to powder density, SSA is significantly associated with Dso, width, and span, with particle size and span having the greatest
impact. Conclusion Surface modification technology can improve the comprehensive performance of GQC extract powder. SD
modification has a better effect, and ST modifier has the highest score, providing reference for formulation development.

Key words: tradition Chinese medicine extract powder; Gegen Qinlian Compound; surface modification technology; physical
fingerprint; entropy weight coefficient of variation method; partial least squares analysis; principal component analysis; silicon dioxide;

ethyl cellulose; magnesium stearate; spray drying
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Franch. () TR 2%, SR NERESEHEDE S
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2 FAEMER
2.1 GQC Ha)FaIH&
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% 100.0g, 10 {5 50% B B IET, 1215 24 h,
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T 68.0g. =R 268.0 g, N 10 f5E/KIRIE 30 min,
FARSERT 30 min, IR H 5 B IZH, I 1.5
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GQC/BM-EC.

222 SD AR A EHEZE 1.0 ¢/mL 1
GQC #iiZE 200 mL (HFEHEL) 20%), #HlMA
4.0¢gSiO>. ST & EC, W1t iR 2, W%
55 Tk TS OB R 12, KR E
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JOBEr, it RUR A 150 CR, FFRiEshEE,
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GQC/SD-Si0,. GQC/SD-ST. GQC/SD-EC.
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WIS BN moFl mio $54 (2) 5 Do

Da=(m1—mo)/100 )

(3) De: K EARFIE, HPRE AR
24 (), SRR mo, FIZHEHBNIZE
W, FREEARSE 100 F1 200 7K, FRE IR S5 E m.
WIRARSE 200 VAT 400 YR ZEE AL 2.0%,
FRE (m—mo)/V 15 WIRHRSL 200 KA 400 U5
EEEHET 2.0%, SRS 100 K, —HEFIELE 2
Y JE IR B 2 AT 2.0%. T2 A ARE
HkR, MEARSEE, FERA m, PAT 3 i
e, f&a (3) HHH De.

Dc=(m1—mo)/100 3
(4) I: AKX (4 HH L.

1e=(Dc¢— Da)/(DaDv) 4
(5) 1C: s (5) iHHE IC.
IC=(Dc—Da)/Dc (5

(6) IH: #AX (6) 1H IH.,
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THEFEH T Sh e, S, BT st 05
h A 20. KHAFCOEG, BRI Lh, AHERRER
B, EEEELS 2 KERENZRAIT 5 mg,
REMEE R (ma)o AT 3R, WHEAFSME. %A
X (7 M5 HR.

HR = (m3—ma4)/(m3—m2) 7

(8) H: HUTIRAAT 24 h (RS, FRE R &
9 ms, I 1.0 g GQC 2 E R~ THiF, FroE s
[ (me). o555 E THRAH 24 h, 35 FIiaE X
AR EN my, WE 3R, HEH, A (8)
IHHE H.
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SE 3R, SREME, RN 1. SLlRai Ry, &
MR BRI o [E1E 39.41°~46.66°, LA Mt
GQC R BRI 54.27°H M w.oi3%, Hr GQC/SD-ST
(1) a {H/NT 40°, BOREAE. Rt GQC RE T
H N 16.33%, diitfaf—E#E, GQC/BM-EC i
HAK, N 11.67%, HSCERREONI . St E
2 EW HR A A%, BM A A N 3.40%,
5oRoE GQC #HLt, FECILEI A 24.40%; SD H.78
MR E R AME 3.63%, SARMME GQC AHLL, FEMK
Ee A5 19.30%. BM 178 IR B H#r Dsow span
width X [EIE 40508 17.34~19.85 um. 4.24~
4.68 % 78.14~92.89 um. SD .78 IR E ) Dsos
span. width )X [AIFE 5758 6.53~7.15 um.

1.74~1.85. 11.35~12.75 ym. GQC/SD-EC ] Dso
FEAR T 71.40%, width & span {3523 F4#(%. SD
F7E SR B SSA BIEH N, M 0.36 m¥/g 8k
% 0.52 m?%g, GQC/SD-Si0, ¥ hinf N &2 . D, ) D,
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*1 JFREYZRIETHNELER (n=3)

Table 1 Detection results of secondary indexes of each extract powder (n =3)

Y5 a DJ(gmL™") DJ/(gmL™") I I/% TH HR/% H/% Dso/um span width/um SSA/(m?g™")
GQC 54.27 0.41 0.69 0.99 40.58 1.68 4.50 1633 2282 497 11333 0.36
GQC/BM-SiO2 45.06 0.49 0.89 0.92 4494 182 3.16 1533 1734 451 78.14 0.39
GQC/BM-ST 4240 0.47 0.89 1.00 47.19 1.89 329 1399 19.60 424 83.10 0.39
GQC/BM-EC  46.66 0.48 0.84 0.89 4286 1.75 3.75 11.67 19.85 4.68 92.89 0.39
GQC/SD-Si02  45.07 0.45 0.81 0.99 4444 1.80 3.33 13.50 6.80 1.85 12.59 0.52
GQC/SD-ST 3941 0.47 0.87 0.98 4598 1.85 344 1484 7.15 1.79 12.75 0.48
GQC/SD-EC 43.05 0.45 0.86 1.06 47.67 191 4.13 1533 6.53 1.74 11.35 0.51
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Table 2 Range of secondary indexes and transformation

formulas
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SSA  mig’! 0~2  5x AR, Bt 5 SR B R AR S R R R, AN AR
el H % 30~0  10—x/3 P T2 GQC/BM-SiO2 GQC/BM-ST i3
. HR % 1 10~0 10—x I, 233 6.90. 6.80, HEE T 25.45%. 23.64%.

PR Dc ‘mL~ 0~1 10x N \ S -
- :mL,l o1 1o B SIS AR, I GQC 1 3.90 iR %

: / e 0/ 22NELEDN
BA% Do pm 4.98~97.84 %/10 GQC/SD-EC 1] 7.15, #E@& T 83.33%, ZIREWM S
width  — 1600~0  (1600—x)/160 P51 BB AHE ) — 4888 Dsov span F1 width
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Table 3 Transformation values of secondary indexes of each extract powder (n =3)

Ui a DJ(gmL™") Dd(gmL') I I/% IH HR/% H/% Dso/um span width/um SSA/(m?g™")
GQC 0.96 4.10 6.90 330 6.76 6.59 550 456 228 0.11 9.29 1.79
GQC/BM-SiO2 2.49 4.90 8.90 306 749 592 6.84 4.89 1.73 1.64 9.51 1.95
GQC/BM-ST 2.93 4.70 8.90 335 7.87 553 6.71 534 1.96 2.54 9.48 1.95
GQC/BM-EC  2.22 4.80 8.40 298 7.14 625 625 6.11 1.99 1.07 9.42 1.95
GQC/SD-Si02  2.49 4.50 8.10 329 741 6.00 6.67 550 0.68 10.50 9.92 2.60
GQC/SD-ST 343 4.70 8.70 326 7.66 5.74 6.56 5.05 0.72 10.70 9.92 2.40
GQC/SD-EC 2.83 4.50 8.60 353 795 544 587 489 0.65 10.87 9.93 2.55

®4 EREH—GRROTEAR (=) 24 WIS REE B A I E R A A

Table 4 Calculation results of primary indexes of each

extract powder (n =3)

- A
" MatE EME RGE RuEE otk
GQC 3.77 5.50 3.95 5.03 3.90
GQC/BM-SiO2  4.20 6.90 4.17 5.87 4.30
GQC/BM-ST 4.23 6.80 4.39 6.02 4.66
GQC/BM-EC 4.24 6.60 4.02 6.18 4.16
GQC/SD-Si0O2 4.24 6.30 4.43 6.09 7.03
GQC/SD-ST 4.59 6.70 4.44 5.81 7.11
GQC/SD-EC 4.13 6.55 4.68 5.38 7.15
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Fig. 1 Physical fingerprints of different surface modification processes of each extract powder (n = 3)
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Table 5 Weights coefficients of indexes for each extract
powder calculated by entropy weight-coefficient of

variation method

et JERLE A A

R4S e o Wi y W ’
WEITE 0.9017 0.0983 0.1415 0.0570 0.1048 0.1048
UM 0.9133 0.0867 0.1248 0.0729 0.1341 0.134 1
JE4ATE 0.8407 0.1593 02293 0.0604 0.1110 0.1110
FasEME 0.8935 0.1065 0.1533 0.0724 0.1331 0.133 1
I5PE 07563 0.2437 0.3510 0.2812 0.5170 0.5170

A W) K GQC 2Bk S AN [F] i 132 8 4 1)
LREVE, SRE TR & —RARNR S W RINEYK
10 515, GQC R EMMLEE VA 42.50. BM
BEREE, &SR EN A0 3A Bt
=, HA ST MR EHr GQC/BM-ST HIZR& V5
B, N 5054, $25 T 18.92%, GQC/BM-SiO, fll
GQC/BM-EC 2 P12 8 ¥ B 45 & VF 5 70 il N
48.36. 47.52.

SD MG, SEEMLGETSIHEN
62.65, $Efm 1 47.41%; AFRSEFIE: ST R 5
f£, GQC/SD-ST W& vForaeim, N 63.21. SiO2
A EC 2 FpolthE Rt 512 B LR G VR 400N
62.32. 62.41. FERWE 6.

2.5 FBIREM SEM o#h

Hod & AR M GQCIRE Fy M= B ki GQC/
SD-Si0,. GQC/SD-EC. GQC/SD-ST, & SEM #£ i
& b, RMREGESMEHSH, 7£25kV FHEET
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x6 BREMNEN-ERRBEZETS RHF
Table 6 Comprehensive scores and ranks of ach extract

powder by entropy weight-coefficient of variation method

= =
o o

T SN i | TERT N Hrr
GQC 42.50 GQC/SD-Si02 6232 3

GQC/SD-ST 6321 1

7
GQC/BM-Si02 4836 5
4 | GQC/SD-EC 6241 2

GQC/BM-ST  50.54
GQC/BM-EC 4752 6
P EREMNRIES SN, ERILE 2. K
U E R R EARPOIR, KNS, R
A SEREME SR TEIEYS GQC &
B eARPMRES, E&RFREDGE, 4

MR, HERE S, RIOOHRaky: 3 Aotk
RERMHIL, GQC/SD-Si0, #5 HERE 2, GQC/SD-
EC A WASHEI A AL (1R B Fr ki 7, GQC/SD-ST
78 564, SEM R gty 2IELFI “Fetk”
BN

GQC/SD-SiO,

10 um

GQC/SD-EC GQC/SD-ST
E2 &ZEHH SEM E (X5000)

Fig.2 SEM images of each extract powder (x 5 000)
26 HREBMEESMEMERSD T (principal
component analysis, PCA)

13 F SIMCA 14.1 A3 52 B A 12 A2
fEbRiEAT PCA BT, PRALER T St L 25R
BravEReszm, 4R E 3. Heph, 1
(15 ZE DTHR N 54.20%, T 5) 2 5 Z T k%N
27.70%, BT ZE TR ZFNA 81.90%. F LY 1
H1 IH. Dso FITTHERZEIK, Iev Hv HR. Dav Dev span.
SSA. width. I }2 a % FHLS; 2 TTHERFECK . span.
width f& SSA Z IR, Il 7 RER B,
FRMEER. PCA 194018 (] 4) IR, BM E

0.40 ® lzc
Dso :1 HR
°
0.20 2 ®
= 1. ®
= 0 ®
H width
~0.20 ssA @
span
—0.40 I®
0.4 0.2 0 0.2 0.4
pl1]

R21]1=0.542  R*%[2]=0.277
3 PCA RESHTHIHE 570 E
Fig.3 Loadings distribution map of PCA model analysis

.

GQU/BYI-SiO,
GoeBM-EC 7 M & GooBmsT

\ 4 X
b, @ © GQC/SD-ST

GQC/SD-EC

GQC/SD-Si

GQC

-10 -6 =2 2 6 10
t[1]
R?{1]1=0.542 R%*{2]=0.277 Ellipse: Hotelling’s T2 (95%)

El 4 PCAEBESHEETE
Fig. 4 Score plot of PCA model analysis

PR 3 MR B Ry Z R 0 A By B SR AN
AR Bk I 4R A PR RE 22 0K T SD &
BOER) 3 MR B H IR R, WP E A
WML . B AR 2R, KRR 2R
HIEREZRIBE S, GQCIRE M5 GQC/SD-ST 2
F) B feik, K9] SD WA HME T 2, ST Nkttt
TR B RO B B3
27 BREW H. SSA WR&/NZREISH
(partial least squares analysis, PLSA)

GQC R EWH) —Zd5br H. SSA X HASE Mk &
IEAFVEREMAATR, DARHEIL AL TR TN 11 A 4R
b EAR, 73l Lh H. SSA E R A&, #E47 PLS
TR o3 A o P v AR B E BB (variable importance
projection, VIP), VIP HAXT 1, NMIFIRiZHZR
X R A B (R e . 2 U8 ] 5 AT, @ IC width,
IH. Dso. span. SSA HJ VIP {HIJ KT 1, XF H 520
BE, BIEhR SR E R AN O FE SR R B
Ko SSA HJPLSA 1%t Dso~ width. span Xf H 50
W, RAR SRR SSA SCIM R K. T iET
BRI BB (AR SCHRFR AT R = L 4 a1tk e
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a I width IH Dsy span SSA D. HR D, I

Dsy spanwidth « I, IH I. D. D, HR H

Bl 5 H(A) 1 SSA (B) B VIP % [E
Fig. 5 VIP distribution map of H (A) and SSA (B)

3 g

TG IR AR TH U R AR R Fe I 25
PSRRI AR R AGREUIR T AN,
H () oS R A 2 R . 2 R R R e
P 22 SR AU BE 43 Biids . WUBRORE T8 A2k szl
FME, R SH R e % a0, HEZL U
HREERT, SEZERPR TR, R T
2GR R H S 450, RifRZ N 20~100 um. H124
SRR AR e A, 2R R
Bk, RIMEESEE, Wik SD. EFE R K A
BA%EEA, SuMAHREZEZAEN RTra
BREART, KREZE 10um LR, &R T
KRB AR A, AT 200 2 Pl ) 2 B pi o)
IR, T 2 R o 2R N2 S F R 2
VRSN, HAMEFRAE AR AR 2 R FHdR S X
AV S LTS Ve SE 25D VIR N /L T e Bt
VIPEREERE P 7, ok 2T R AL (B B
PRAL SR A RO B i T SRS A, @ik T
WHEE. N THEMSEM e HIEE AR RS
HCBAETZHE” s IRV R T T B IE AL
SERERY, ] B R 2R U SR THD oS S R R TR R
B, ONZH AR RS R AR AR RO

A S o B L R T ROR . Bk
Si02 ST HEC M elePE 7, il s i it 5.0%F1 10.0%
2 AN, T SD AR Uk VR RS B PR R
&K, o JESEBRELEIUN 4.0%. 9.0%, H 4.0%Lt
o e R RN S 3 S B U RN P S B L A7)
N 9.0%. i et R IR B 5 o FITE RO 2
M TR S eSS EA, RHamEstELFH BM

AR AR AR IS B AT IR A, B ML ) 7= A 15
b, BIU). BERSE, ERLT AR AERE . M
F . AR B A i E A A AL 2 AR A 121221,
SD 0,78 o4 A ot 2 U e ok v 1 1 55 AR AR B 5 K
PEF A BORSA/N I ZOIRIBR % A) iR o 0, B
PRI IR B R RLAR /N 38 5) . GQC 1R B M L 3 2
B, VKB, SOEZE, HRE
WA, FesE MEAARME T, TR EAFAERAIIE AR
GRTEZER) IR, SD AR U T2 BT RGN
SR G T RIS, SUERE RAEIR B R
M, AR EMEEE. IR H BT, b
HLPERC T, ASEIG A B T 238 A T HR B B A
EH, W R ST BN EUAR R, SRR
FITIRER G LM R wRL R S )i #2230,

GQC B EM G & — G At B B ., B E
¥ H 5 HR ARS8 38R, GQC/BM-EC
H H %N 11.67, GQC/BM-ST #41f#] HR &A% )y
3.29, BM L S f5 — g dabnte i tEFE bR i R 4R
Fr. SD IR BRI BhME . R 4E T R 38 ST
R abr SSA K. width 5 span 23 (K, A
BE OIS TS B A7 AE I ] 24, 3
T SC I RARURE 734, BM 78 et T 25 5emiis
N, SERN BM ORI BE L RE, otk iR 22 DA
LI B R T B T N A IR BRI, ST
A ESEZ R EME S 0E . SD ikl
FEr, SR AR E AR T SUB R “5e A% 45,
i R AT SRGE AE A ARE (R, 5 e AR
REPE, BB 0 B R PT R P RS200,

g1 A8 7 REOE A R e M2 B AT
CRATEREVEMY, Fh IS rE. FRERME KA AL E
K, Dso~ span M width ;&35 —PER — 2 Fetn, i
BRADN RIS EL, RN, 50
e, SRR 2728), SD 7 B R IR B R R
REM, Hrh GQC/SD-ST Zitritortr, HHE)
WAERWRAE, AT RRECES, Rk
IR BEORMGER, PCA PHAHAN RS T 2% GQC
BEMCEG IR, KI Dso SEXNEE LG
PERE M DTHRZE RN ORI I R B R ) B
LAehs, PR T2 PLSA R,
TR BN AR IR bR S 25 A M R S HUR £ SD
T2, LA ST AthRIHoRsess:, St & GQC =
B 0.5 kg, SDIHFEAR WRGEE. F IR 4 n] &,
BEM LR EA 92.8%, HIEEIRE R
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