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Consistency Evaluation of Processing of Black Panacis Quinquefolii Radix Decoction Pieces

Based on "Chromaticity-chemistry-activity"

YANG Yulong', LI Shanshan', YANG Yuting', YANG Ziqi', CAI Guangzhi'”, ZHAO Liru’", GONG Jiyu'
(1. School of Pharmaceutical Sciences, Changchun University of Chinese Medicine, Changchun 130117, China;
2. Jilin Institute of Biology, Changchun 130012, China)

[Abstract] Objective: To assess the quality consistency of black Panacis Quinquefolii Radix (bPQR) decoction pieces
prepared by atmospheric and pressurized steaming processes based on chromaticity-chemical composition-vasoactive inhibition. The
ultimate goal was to screen the pressurized steaming process yielding quality equivalent to atmospheric steaming, and optimize the
processing technology of bPQR. Methods: The bPQR decoction pieces were prepared using both atmospheric and pressurized
steaming processes, and the chromaticity values|[ lightness value(L") , red/green chromaticity value(a’), yellow/blue chromaticity
value (b") , total chromaticity value (E'ab) ] were measured. High performance liquid chromatography (HPLC) was employed to

establish fingerprint profiles for the decoction pieces, and cluster analysis was conducted on chromaticity values and the common
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peak areas in fingerprint profiles to elucidate the quality relationships between the decoction pieces processed by different methods.
The optimal atmospheric steaming of bPQR decoction pieces was determined through zebrafish angiogenesis inhibition experiments.
The contents of ginsenosides Rg,, Re, Rb,, 20(S)-Rg,, Rk, and Rg, in the decoction pieces were quantified, and Spearman
correlation analysis was employed to investigate the relationship between saponin content, chromaticity, and angiogenesis
inhibition activity during the steaming process. By integrating the consistency of chromaticity, saponin components and
angiogenesis inhibition activity, pressurized steaming conditions with quality equivalent to the atmospheric pressure method were
selected. Results: Compared with the atmospheric steaming method, pressurized steaming resulted in faster color darkening and
higher conversion rates of ginsenosides in bPQR decoction pieces. Moreover, the neovascularization inhibitory activity of bPQR
decoction pieces continued to increase with the deepening of processing. Based on the effectiveness and safety, the optimal process
for preparing bPQR decoction pieces with neovascularization inhibitory activity was determined to be atmospheric steaming for
21 h. All six ginsenosides tested exhibited strong to extremely strong correlations with both the chromaticity values of the decoction
pieces and their neovascularization inhibitory activities. Among them, ginsenosides Rg,, Re and Rb, exhibited positive correlations
with chromaticity values and negative correlations with zebrafish angiogenesis inhibition activity. Conversely, ginsenosides
20 (S) -Rg,, Rk, and Rg, showed negative correlations with chromaticity values and positive correlations with zebrafish
angiogenesis inhibition activity. By integrating chromaticity values, cluster analysis results, as well as the results of activity, it was
determined that the quality of bPQR decoction pieces steamed under pressurized conditions of 110 °C (0.045 MPa) for 5 h and
115 °C(0.07 MPa) for 3 h was highly consistent with that obtained by atmospheric steaming for 21 h. Conclusion: The preparation
of bPQR decoction pieces by pressurized steaming has the advantages of short preparation time, low energy consumption, and
rapid saponin conversion rate, making it a viable alternative to atmospheric steaming for preparing bPQR decoction pieces.
Meanwhile, the evaluation method based on chromaticity-chemical composition-activity can provide a more scientific and effective
explanation of change rules in the quality during traditional Chinese medicine processing, and offer a new model for optimizing
processing technology and enhancing quality control.

[Keywords] consistency evaluation; black Panacis Quinquefolii Radix decoction pieces; fingerprint; content

determination; chromaticity; inhibition of neovascularization

W2 Panax quinquefolium 5 HINE N2 g 1
FES TR TR b 38 I 9 fin 52 K e 38 26
G EB , B2 Fhors T 0 B 75 AR L AR (B VY A T
Pl X, HH B M E I, B RN T E
MRS WL AR, PR S A K A n] KB
FEZRMW, BVGEER T LR B, b BV VRS 2R
(iR R T AN e I N B e TR ]
(A

2 — B PR AN 2 4R b T v 24 1 D7 0K A e
2y & 7 i ) B 25k R — B R . D
2020 47 pig (rhAe N B R 2 ) (LT AR Crp
i)) R EWm A h g — RPN R E DT
AR VA 5 A 2 PP AN HE DL 4 TE VT f Hh 24 5T
— M KT Z R RN R K —
FEVES I T 2 Tk IR S A WA
BPEVEN N2 A0 B2 A T AR PR AN 6] 1220 55 1M
il B A Y BT — Bk, SR A A e H S R
S0 T A o BT — BB B T2 R Rk TR 2
il K 4 T o PP 1) B S JE T ]

MRER, MREREHESNELEAS BT
Ak N2 B 20(5)-Rg, Rk, Rg,"™, M fili 22
VS PR B PR S OR3P i pl 22 &R
G5 OR A 25 BLOE DY PR R, A S B
20(8)-Rag, AT LAl A % bk 9 Bz 40 i (HUVEC ) 3%

-+ 196 -

B I/ ORI A Y AR K T (VEGF) 19 2
R ATTE R RENAR I IK=SI A P o ! K F RAc 1}
A R LAT) U e 98 ) I Y AR 1 5 R 4 4
=i = o N S N I R B SO i A 2
U/ MR JFS I 45 S 35 T A MR I, T B A I A v 4E
i A ¢ B BEAE 7 (nAMD) F1HE R 6 P B BE K fif
(DME) (3 B9 AL Fn AR 35 st i i 2% 4 B
PRAETIAE A B T2, O R AR 9

AWFFRR A E RS IR XZERESR A,
BT IR R g T AR SRS A 6 NS BT
S E R PR S AR AROR B R Y
2 18 B A0 ) a4 AR BT M AT A, T R R VE S
ZE K R 1 BT i — B AT IR, A 25 R O Y
S SR T AR RS %
1

LC-2030 Y /= &0 W AH 35 A ( H A B HEA A,
AL204 BT 53 22— KOV (Mg e ) - HE ) 2 (U
R v ), NR200 Y v i €8, 22 A2 (BRI = Ui BF 4 A
BN Al ), SCIENTZ-12N BUA VR TR ML (T3 2 4k
YR O A RS H) ), GXZ-280 B RE O R B 7
R CT VL g AL AR 15 ), 1X83 705 5 5 O b T BE
(HZR Olympus 22 7l ) o

ANZ B H Rg, .Re.Rb,.20(S)-Rg, .Rk, .Rg X i#



315 204
2025410 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 31,No. 20
Oct. ,2025

i (B R A W R ECA BR A A S e i e
C27N11Q132589. A20HB192147. N18GB163839.
M241B210253, M291B216112, N25HB202204, 4} [
¥1297%) , W H L 5 (g AR R A BR A F
fit5 M06GS147305) , 5% % 4 1 i Pronase E(Jt 51 &
KFERHEARAA LS 817K017) , FE % 2 15 itk 1
i 7) PTK787 (2% [E AbMole 24wl , 4t 5 212141-51-
0), H B LG ¥ i &, /K il gtk H 4yt
Yy R oy Bl o VGRS 2500 R RE S8 T T AT (AR ) 25
v A BR S AR A (L5 XM230902) , & K P E 2y
K27 24 2 o v 2 5 OB & 4 T R R BB e
TIMBHE Y VS P quinguefolium /9T HEA

I A8 & 8 5 bR ic % 3 X Tg(flila: EGFP) B £
1, 3 BRI A YR A R AR . SR T 28 °C
FIW R, 14 h/10 h B RGO B, B9 R 2 I E 4R
IR M EE L i (6 A~ H sl DL 1) i 38 1 AR 32
Bl AR R
2 AES4R
21 THEZSHRAMH S AWMTAESRA S ]
2020 4F i € [ 2 ) — 3R PG R S 00T ) ikt
VOS50 L i i, YT 2 mm JE B R,
50 °C T 2K 41 <13%, 4 55 S0, Jr il 4 A& 109G 7 7
BIR A 45 TG bR YA A 2020 4E B [ 24 i) — 56
PUVESHRIET T A OCEE K .
2.2 RS E EZER VSO 1%
22,1 JNEZEHIVEHES R A G PEES R A
BT R ERKE M, 405 T 105 °C
(0.025 MPa) il 2.3.4.5.6 h, KK i 5l X1~X5;
110 °C(0.045 MPa) 7 il 2.3.4.5.6 h, R K % 5 N
X6~X10;115°C(0.07 MPa)Z& il 2.3 .4.5.6 h,fKik
%5 A X11~X15;120 °C (0.1 MPa) Z& il 2.3.4 .5,
6 h, MK 45 X16~X20, B 5 50 °C T4 2 &k
H<13%, B EETTES KA
222 WEAEREESKAHIS WHESKRFE
T2, 98 °CZE i, BEFE 3 h BUH —3B 43, T 50 °C
T 919 3.6.9.12.15.18.21.24.27 h# [k 7%
PSR R R i S1~S9.
23 ARZEGFGEES KR GEENE B
] 2 il 2% 11 B PR S 28 K O B i 2o Y S A
il FH 2R R OE S e e B A3 S R R S
TR ZE 6 VG P SR R By R 204 (5 5 {H (o) 35 R
EREE (b)) WG BEH (L"), B An e S S I 5k,
DL S AE Ry 45 FF D 25 5 1 F 5 [ 25 46l 2%
PEPES R B S (Eab)=(a™ b +L™)", ifi

& 7% i B R SRR R B, AR S R R B LT BT E ab
(HH T R, o (6 2 A1 K5 W/ 3, I
Wit 5 V2 5 7% S R TR) ) 1S P VE 2 28 AR R
f €8, 25 L T 1S K o VR VE S AR O AR Z8 i AR rh
AR A0 B B B AR RS B R
B AR R R AR A L M TR R A T2 0 R A
BHIPGVES ZE BRI o b L' T A0 5 {H E ab B 7%
A A 2%, 7% o) B Ik 1) B0 AT 3k 2R A BL Y
P MR FI W, 28 I FE S 1Y ETab<5T I, RIAT
il 75 2R VE ISR R, P85 TR S5~S9 5 X8~X20 #
i o PRV SR R o WL R AR B A R
2.4 RS E R ZESI PGSO 18 s0E 5
2.4.1 @5 ZME" fKFIRF Supersil ODS2 C {0
## (4.6 mm*250 mm, 5 pm), LA 25 (A)-/K(B) i
Bl AH S B VR I (0~42 min, 19%~25%A ; 42~55 min,
25%~36%A ; 55~64 min, 36%~50%A; 64~73 min,
50%~68%A; 73~80 min, 68%~75%A) , Wi #
1.0 mL-min™, & 30 °C, K2l % K 203 nm, #F £ &
10 nL,
2.4.2  NF BRI WA WA RS PR RS X R A
R EE ] N 2 52 1F Rg, \Rb, Re 20(S) -Rg, .
Rk, R, Jii /& ¥ B 4351 4 0.41 .1.08 .1.35.0.78 .0.96
0.83 g+ L TR & X I8 Fhis W, & H .
2.4.3 BRI A H A RS AR VS TS
R B AN TR T A 286 0 PR R Sk R R O R (i
DU S0 ) 4% 1 g, A 70% HEE 20 mL, ##  (Th %
200 W, 45 % 40 kHz, F [7]) & B¢ 30 min, (¥ , b /2
WS A, B, TE TR 22 0.22 pom B JE B T, B AS 4L
K -
244 KEE L WA —ZE W RN B RE SR
AL IR 2.4.3 0T 5 i i A 4R T L 4R I 2,400
TN (538 25 R B2 ERE 6 1K, LA S 1T Rb, 2 R
W, 3 ) B A L W 5 2 R R T 06 T R 1) A X
Fr D 22 (RSD ) <3% , Al X {4 B4 I ] £ RSD<1% , 3%
W AS A2 0 285 i R4
24.5 EEMEEL WUE - ZE S ST RS
K He B 2.4.3 50 F J7 AT 4 6 O A R
Fie 10 2.4.0 U @35% 55 00 40 B FF LN 2 217 Rb,
h 2 BRI 430 T ORA HAT 06  Z: BRG 1) R G 06 T
T RSD<3% , A X {4 B4 B 6] () RSD<1% , & W% 7
BEEMRL
2.4.6 FRETEE S WUE IR R S5 R ZE A T
SR FE S W, E ST A ) A R A
J50.4.6.8.12.24 h, % 2.4.1 T F (3% 51400 & ,
- 197 -



315 204
2025410 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 31,No. 20
Oct. ,2025

Ay AT A5 S A 0 5 2 R 0 (7% 4 ) 06 1T R RSD<
3%, FH XA B I ] 9 RSD<1% , ¢ BH At 38 5 v W 7
EiRT 24 hNRREMERL.
2.4.7 FROCE S H S AR IR FR A B 2.4.3 30
T A A VR 4 2.4 T €85 25 1 D
SE 51 B E SR () 2% i 5% 4 BT AR T R S 2 K R 1
O RE AR B v 25 (0 53% 4 20 RS A L IE AN R 4
Xof 48 SR 1% HCHE BEAT 43, 43 00 ST R R RN e 78
il P8 ¥E 20K 5 1 HPLC 48 20 &% . 2B I 74 7 Sk
RVE RS IR ZE S R VK R @ bR e 17 438
WA o o R B 2 T B TR Y RE A 0 T
23 TR A U DN v R T R A €0 0 2 2 ok
B8R W/ ) R A, 0 R 28 ) v B 2 R R
(] f 184 o, €835 1 5 0 2 58 A 5 T I 11,14,
15 T8 R I e ) v 50 1 25 i 35 0, S ZE i) 27 hoist
{0, 33 06 T FR R K, IR 120 °C 7% 461 5 h i i i AR A
K, 120 °CZE il 6 e 7 AL 4 BT B R H4 ; I  J4 1h
TR 3 0, i 4~10,12 13,16, 17 35 11 /4> i 04
AR B DLE F IR A L s X R
XTHE RN T Hoh e A g 151 .2.3.11.14.15
i N2 2 A4F Rg, .Re . Rb,.20(S)-Rg, .Rk, .Rg,.
UL g liE g
2.5 AFEPAHESKAF 6F NS B 40 &
HIE % 2.4.3 50N 7 gl A R e L % 2.4.1
TR 0% 2% 4 I 5 A 5O ) 2% ) 2k RV TE S
WA M AZSBH G E, MEESIKAFIES N
JEZE il ik R b 6 F N S 8 1 B AR AR B AT 4%
Bro R R p 6 Bl NS AT 19 & AR Ak 5
FEZAEG SRR AHEES ., FEERPTASE
TR, IS FTHE TR, A S 21T Re, Re
BRI R, NS BT 20(5) -Rg;,.
Rk, .Rg Y2 B [T nEZE S SR biE
FR A R B 5 ZE W B A, A2 A R, (Rb, \Re Y
B>, NS BT 20(S)-Re, Rk, & Rg A&
HERWHKYGHREERER S, AS 2
Rg, .Rb, . Re & M FREHBZH ML, NS 8B
11 20(S)-Rg, Rk, \Rg, i35 K 38 32t AH R i, i e
120 °CZEHl SR AS BATH S REIE LTHE T
Feryka s, 725 6 h A2 B 20(S)-Rg, Rk, .Rg, it
BT IRIEAG . UL 1 B R 5E H RRBA nk AL
26 F 4 ® %4 M (HCA) fff Al IBM SPSS
Statistics 27.0 B AF , 43 51 LA $5 0 i 3 A7 04 1 A
FEAEAR Ry A8 i, 6 AN R 28 1 2 0 T I PR T SR R
TR M, R F AL Ie) A G 3 8235, DL 5 BRI B
- 198 -

F1 TEABEFSRATHMASEERSRENH

Table 1 Contents of 6 kind of ginsenosides in different Panacis

Quinquefolii Radix(PQR) decoction pieces %
A Rg, Re Rb,  20(S)-Rg, Rk, Rg,
S0 0.21 1.72 1.96 0.00 0.01 0.00
S1 0.10 1.49 3.67 0.03 0.04 0.03
S2 0.07 1.07 2.89 0.06 0.06 0.04
S3 0.07 1.15 3.51 0.12 0.11 0.09
S4 0.06 0.83 2.93 0.16 0.15 0.12
S5 0.05 0.48 2.07 0.26 0.25 0.19
S6 0.03 0.33 1.70 0.36 0.35 0.23
S7 0.02 0.26 1.52 0.43 0.41 0.33
S8 0.01 0.13 1.14 0.53 0.49 0.31
S9 0.01 0.06 0.77 0.57 0.55 0.41
X1 0.13 1.71 3.84 0.05 0.07 0.05
X2 0.11 1.34 3.12 0.09 0.11 0.07
X3 0.10 1.11 2.27 0.13 0.15 0.11
X4 0.07 1.07 3.37 0.20 0.23 0.17
X5 0.06 0.63 2.17 0.27 0.30 0.23
X6 0.08 1.11 2.96 0.12 0.15 0.11
X7 0.07 0.83 2.37 0.18 0.23 0.17
X8 0.04 0.44 1.50 0.26 0.33 0.25
X9 0.02 0.22 1.07 0.39 0.45 0.35
X10 0.01 0.09 1.03 0.54 0.51 0.39
X11 0.09 0.93 2.53 0.20 0.29 0.22
X12 0.04 0.41 1.48 0.36 0.47 0.37
X13 0.02 0.16 0.92 0.46 0.59 0.45
X14 0.01 0.05 0.43 0.48 0.63 0.50
X15 0.00 0.02 0.28 0.62 0.79 0.63
X16 0.04 0.36 1.47 0.41 0.60 0.46
X17 0.01 0.11 0.59 0.52 0.77 0.60
X18 0.00 0.00 0.07 0.56 0.74 0.57
X19 0.00 0.01 0.10 0.60 0.85 0.69
X20 0.00 0.00 0.06 0.57 0.78 0.67

BB AR EEAT RIS . LUFR SUIR i 2 A 0 T AR
AR, P 5 BR G BE B R 5 B, AN [ 2% 1l 5 0 R
PR R A, OB R, Y T BRIREE & R
SHF, AR ZE ) S AR S B 2R Tl 425 BROARARYE (0 )i
(B 45 20 P i A e T RR A AT SR 28 4 B R R
PInl g o 42 (H R PR S5 R 22 R R . Bk U
A0 W55 Ak 2 A3 1 o 2 T i SO PR A5 R i B
— 3 1Y Jry BR M, Oy i — 20 ROV S [ & SR T
(4 VY 3 S 28 WK R 1) O e — S0P 5 B 0 TR T
Br N zs o DL AR 8 RRE i Ak

3 AEATEESRFIEME S FEED T

3.0 BRSO H R ISR PEVE SR B R (i
DU G ) R 2 PR 10 g, in A 70% H 2 200 mL, #
A HL 30 min, B, b U DR I WO R L Y R T
B, S0~S9 1 Uk T By 15 2 43 5l 24 25.51%.26.50% .



315 204
2025410 A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 31,No. 20
Oct. ,2025

24.77% .22.74% .23.81%.22.52% . 23.53%.24.67% .
26.80% .25.18%.

3.2 BEEAARRRAARE A SR O bR i SE A
Tg(flila: EGFP) B 5 1 5] 57 T~ 28 °CHYIH IR 1E 21K &
gip, 4ERF pH 70.2, L 52K (500+100) pS+om™, f]
W] 14 /8 W5 10 h 38 B HEAT , B R P 2 R F AR 0F, B
P BT b £ 47 BEOME I G B 1 A BB G v,
it BRI ARG IR AG  JF T80 1 h R IR . X 2K
W HEAT 4l v K e, B AR NS F 35 1 A BRE £ I i
R 9% FH 7K (% NaCl 290 mg-L"', KC1 13.3 mg-L",
CaCl, 48.3 mg-L"',MgSO, 81.5 mg-L") 1, & T 28 °C
SRR FRAE R

3.3 AW 5 e ZE VY I S 0K R e B S £y ) i
BASV)AERM N WZEWAET E£24h 1 Tg
(flila: EGFP) B 5 i J& fify , fifi /] Pronase E(1 g-L™")
I . HEBUIRAS R4 58 5 M R iR, B8 A 24 4L
Brb, B AL 10 25 FH BE 25 10 10 i 355 % FH K 20 00K
AN TR it 42 B 4 03] T A IO o R B R 300 mg+ L
B 25 25 W, I B 25 H 4L, PTK787 41,8041 .S1~S9
. 75 AL BE D fn IR G 1 9% FH K B 9%, PTK 787
4148 1 & PTK787(0.2 mg-L™) M35 2k 35 3%, S0 41
it A= W0 PG 3 2 AR R SR B I T 8 R K B 5% E

s 28 iR R 243 i A AN [) 2 S R 1) ) v

W ZEH R SR TR KR R B
ﬂ%‘tﬁﬁiﬁ?%%ﬁ 28 °CHEZERE % 24 h, T 48 hpfit, fiff
FH 5 6 9 8% 0L 2% 1 40 B8, £ ] Tmage T KR I 2
ISV B 4% 5 &N BE 5 0 iR fif v ISV 358 20 18 9 )6 1T AR
(S), I 38 2o 2 't 1T AR B s /N AR BE T 5 B L £ iR i
ISV 41 il 22, ISV i) 2 = (S ;=S4 )/S o, X100%
ISV B B A AE — A 502 A4S BB I U W1 58T A 1
B Nz BN MR ISV IR R AR ok 3 A2
G, TCAM ] CTC A s 2k ) R (1~3 A BB
ISV) " 5 P il (4 4S8 Z Bl 1SV) ' 25 (1 dl
BE 540 ISV AR K R, ISV 9\ ) HEFI 247, T 1 45 Bk
& o PTK787 4L 1SV 32 2| ™ F Pl 5 45 25 2 v A= Wy v
HSW R AR SISV AE RiF52 A4l M, 4
6] 45 25 50 R, B 25 2 i IhE) (0 ZE K, S1 415 S2 41
BT R BL G s A S3 AL TF i M AR EE I I L4 . S5
2 & SO 2 H B A, 2% AU ) i
FLARAE 40 5 ST S8 SO 41 XiF 3 A= i A 1 il /5 F AR AL
ERTLGITFE L. S8.S9 4 n] S EBE iR fif
fjﬂb RSP TN 5 I G ) VAN Sl o 'ﬁ?ﬁ‘r

S50 B STAE N VG ISR B R R ZE A AR ik

2o MR K2 K3,

PTK78741

S44
Bl1 &£WS5EEEFNEFSRAMHIRI&MNEEMRER (FOLHEE BB, *x100)

Fig. 1 Differential analysis of vascular inhibition ISV between sun-dried and atmospheric steamed PQR decoction pieces (fluorescent

inverted microscope, x100)
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x2 EMEEEZVNAFSRAMEMNHISVERBERE (35,
n=6)
Table 2 Differential analysis of vascular inhibition ISV between

sun-dried and atmospheric steamed PQR decoction pieces (x+s,n=6)

A BUEREE/mg- L SOETAAR R MkE% AT HAR/ wm

R 49 401+260 3.50+0.05
PTK787 41 0.2 20 325+547% 59 2.04+0.08>
S04 300 49 2184237 0 3.50+0.08
S14 300 49 199+187 0 3.49+0.05
S241 300 49 1574275 0 3.47+0.04
S3 44 300 48 066+509 3 3.37+0.04
S44 300 47 026+385 5 3.19+0.08%
S541 300 44 7724422 9 2.86+0.09”
S6 41 300 42 761+1 097 12 2.59+0.04
S741 300 39 039+1 072% 21 2.33+0.05”
S84 300 38 577+1 069% 22 2.32+0.04”
S941 300 38 3031547 22 2.29+0.02

55 H 4 Y P<0.05,P<0.01 (4 5 1)

®3 EEEEEZEFBEFSRAMNHIEMBRPENE (1=15)

Table 3 Effect of sun-dried and atmospheric steamed PQR

decoction pieces on zebrafish embryos (n=15) A
Eigi] Jo ik /mg - L oK i % M JE %
ZSHA 0 0
SO 300 0 0
S1T4H 300 0 0
S24H 300 0 0
S3AH 300 0 0
S44 300 0 0
S54 300 0 0
S6 4 300 0 0
STH 300 0 0
S84 300 5 6
S9O4H 300 5 10

3.4 Spearman RS N T —2 T M
5 EZERPEESRA P 6 NS AT o & & .
(B LI AE I TG M = 2 R N R R R
IBM SPSS Statistics 27.0 % {4 % A= W 5 & & 28 1 v§
SRR 6f NS 21 4 [ NS 811 Rg, \Rb,
Re.20(S)-Rg, .Rk, .Rg,| (O FE(H (L .a" b E'ab) Fl
I 400 1 3% PR (AR 22 ) i 4T Spearman AH 5GP 43 #7 .
£ Spearman #H 3¢ 43 B H , AH OC 8 () BT LA FH oK i
A A a2 T) L OC R A R T ), ARAE 1Y
2 X (B K/, AR SCHE RT3 2 0.00~0.19 (TEAH G ) |
0.20~039 ( 55 A &), 0.40~0.59 ( H %5 4 S 4E ) ,

0.60~0.79 (SR AH 1), 0.80~1.00(FE s AH ) o A
- 200 -

% B Rg, .Rb, .Re.20(S)-Rg, Rk, .Rg, 5 A JF S 4L
L' a" b E ab Fl L& 41 ] 58 34 52 9 28 A 9 19 AH OC
PE, Hih A2 24 Re, \Rb, \Re 5 4% {0 )i 2 8 5L 1E A
KL HimAE R R 2 A G, NS BT 2008)-Rg;.
Rk, \Rg, 5 %0 5 B 2 0UA 5C , 15 10045 10 ) 25 2 1F A
Ko AW H EAERPGHES R A el g 17 & it 5
ROR 8 L L I A P P A OGP 5 7 PR IE R
BT EREMRTE T @i 6 fl A S BH 4 & &
AT LA A 000 0 A 0 s R R R g . LR 4.

F4 AMSREZHEESRAEHSE AEANMNS NG EHE

#J Spearman 8 3%t &5 1

Table 4 Spearman correlation analysis of ginsenoside content,
chromaticity and vascular activity of sun-dried and atmospheric

steamed PQR decoction pieces

% L a b E'ab  iWiIR
AZ B Rg, 1.000”  0.767"  0.983”  1.000” -0.992”
ANZ B Re 0.983%  0.800 0.967” 0.983% -0.966>
AZ B RD, 0.950” 0.817 0.933”  0.950” -0.924%
AZ B3 20(8)-Rg, -1.000” -0.767" -0.983” -1.000*  0.992”

AZ B RE, -1.000” -0.767" -0.983* -1.000* 0.992”
ANZBAT Rg

¥V P<0.05,% P<0.01

3.5 TUEESZEGIOR R B 4 R — BOHTE M
DL R ZE 0 09 STHE &L 2 B 5d b SR 28 43 Hr 45 2R
i 3 5 5 R ZE 1 S7 R BT m — BRI e ZE
T OEMERESIEERATE VUES KA E R
il B 5 S7 5 2% i AR S X5.X9.X10,X12.X13,
X16 X175 H—2; DL 4g S8 3% 2 A i e 1w FH O A8
B PUVES RO 0 28 AR S7 5 0 28 i A i
X9.X10.X12.X13.X14 . X16 B —3 ¥ 2 Fp B
BT 5 ST R Sy — 2 e ZE I AR S O 4R T A
5 W FEZE IR G ST RVTHE S IR A B EEAE Ak oy
P RR AL B8 Y 3 SR R I R 2% R A D X9 X0,
X12.X13.X16. F JH 25 €8 35% 45 20 1# 338% A AL 2F
M 2 88 43 B i FE 28 4 X9 .X10.X12.X13.X16 A 7E
WS A 55 RS ST RV HES K A 5 80 - 1% 5
P, R F S B0 T AR S Bl R 25 4R R (X9.X10,
X12.X13.X16) 5 % H 22 il B 743 218 7 S7 1A
IR . &5 WoR R 28 X9.X10.X12.X13.X16
RIS 5% EZEH ST RWEHES IR A By A
4354 0.990.,0.981.0.993.0.971.0.979.,
3.6 PEVEFES AR A BE S f0 0 A i A A s 1k — 3K
PEVEAY  H BE 3.3 100 N BE 5 fh iR iR A B 5 4 25
5, FH B A0 R G 35 57 K 53 00K H R 28 21 h

W
Ju

-0.983 -0.733" -0.950* -0.983% 0.966”

W

N
T
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JNE 110 °CZE %] 5.6 h, 115 °C 7 3.4 h, 120 °C 7
il 2 h 1 R VG R SR R 4R Y 43 5 8 FE 3 5 K R
R MR 300 mg- L 4R 2 VA TR, B ST 41 RN
X9.X10.X12.X13. X164 . 425)5 & T Ot e 5
728 cCHk LK 3% 24 h, T 48 hpf i, ff FH 2k i
LS IR {87 B Image J 34 2 B ISV B A%, 3T
RN BE T 8 iR G P ISV B4 Ol i A i 0 41
B LR 45 25 I B £0 0 i 2 A B0 A K B S e
SRR G, I 05 IO K I 5 W R 9 BE L)
i R AG R, 725 25 24 h S N 25 6 SR VE PE SR R
2H P B 0 IR G ISV E B0 T SRR A O A
PO A E AL, 5 ST A, X9, X12.X13,
XI6HAEZ B S ME HREEZRFH LRI =B
X AHTR 45 2 BE R X9 X 12 41 1Y BE 11 iR i 4 R
MO K I SR S ST N HM . &6
TPE R — B X9 X1240 5 ST B VES
RO AESM LB &, Ak 2% B A I AR S M
MR M. ZEAa LRSS E 110 °C
(0.045 MPa) £ 5 h. 115 °C(0.07 MPa) £ 1 3 h i
HI BRSO v AR R ZE ] 21 hfil & 09 2
FES KA. kS F6. K2,

®5 BESMERABEESEAMMDEME ISVERHRR
(x+s,n=6)

Table 5 Differential analysis of ISV inhibition of zebrafish by

atmospheric and pressurized steamed PQR decoction pieces (x + s,

n=6)
00 BRI /mg- L SORMBRE R/ % i H AR/ um

S7 300 39 194+838 21 2.33+0.05
X9 300 39262+623 21 2.3140.02
X10 300 37 416+683" 24 2.29+0.08
X12 300 39 244+987 21 2.32+0.04
X13 300 37 977+624 23 2.25+0.10
X16 300 39 710+891 20 2.36+0.09

T 525 A R Y P<0.05

R6 BEESMEEMBEESRAMEDEMBIZI (=15

Table 6 Effect of atmospheric and pressurized steamed PQR

decoction pieces on zebrafish embryos (n=15) A
28 51 R me L K i g W TE %5
S7 300 0 0
X9 300 0 0
X10 300 6 4
X12 300 0 0
X13 300 7 5
X16 300 0 8

S7T4
X941

X104

L =

X124

X134

_\_

X164
B2 EESMEZEHAESRAFNEAMIEOEERER (0
58 WA, <100)

Fig. 2  Effect of atmospheric and pressurized steamed PQR

decoction pieces on inhibiting zebrafish angiogenesis (fluorescent

inverted microscope, x100)
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AW G UL SR VG VE S AR J il R ), AE T 2 M T
LR Rl BT o R AN Y- = e T G~ RS S A 1
R M T — Fh B 4 A BT — BOHE PR AR L
R 2 0 T2 — SO B S R TR Y SR B R
o BRAAE N B UL A1 UL 48 SRR AE | €0 B 88
FHAVE SN — BOMEPE M 1 = B2 S 80 AR 0F 5% fili 4
JEEASCIN 7 AN [) 25 44 7T 09 PG 3 2 25 IR R £ B B A
b o 7% i ik B A S 1 S N B L T R A RN AR
PGSR B0 R A AR Bl R IR
FE D7 5 BRI, U S KR BB R
A R AR A R A Sy R o I s ZE A el TR
55 5 W5 TH ) 255 VR T TP VE S b i Ak 2E i)
77 A R U SR G B0 i SN, A R I ) B AT K
B 5 8 He K I 1] 28 A AL IR R A UL €5 5 R
T, MEEZEIRBREMIGE, FEAS B (Re,.
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Rb, \Re) & & A Wig >, i # L M F A NS B4
[20(S)-Rg, Rk, .Rg,]. ZE il =41 Zf NS 21T
Xof T A I A 2 B AR RO TR R R 2R A P
SRR It B o Bl 2 2 1 S R) %) S R HC S af 4
) A I T AS DT 3 A LR 2% A I ) A B 24 27 h
18 R B TR Ve B AN S |- S (A 29572
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(a-DCs) 22 F e (HAAs) W £ A FE W A L,
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AR RN R RN . LA A S %4
PSR ORS00 8 B R 28 21 h W BBV SR
HIRZE R B T

NS AT 16 AN [ g BEOR 25 R % i 4 A i B A
X T 8 TR o R A T O U S A S R
V65 Sk R B A R Ok A B A PR Y 7
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FEIR I A A B AR B, TSR R 7
il A R Y R A A S Ak i A R
FHOCHE AT B b ] — B I R SRS SR
F 0 I AR AT 3 AR A 2R R AR Y 3
Fii A N2 AT & 38 5 B i A B0 s v
Mo 2 IE A 56 7R IR S WF o b, AT LA 0 R AR B
ik — 25 0 16 B bR 43, B S B A A, A
VA 7 B, S B g R A R R R T 1
NG AE . 448 SCE S H L >0.99 B, TE e e FE 1k
3 2H B SR A U A L B
PE L AEA G T 2 i — MR T R e, R) B R
i A3 48 S % A RLRE 4 /0 VEA v R EAR LR O (E
14 BIR 5 9 [ o 75 5 B2 o8 iE — 25 A . R 4
BV SR B T2 SR 08w e
fig /D BT R AR AR A R ZE AT AR R
T RBVES IR B 24 0 5 72 .
B B AR 2 - IE ETAG T — SO PR AR RS

- 202 -

(i) 1 o) T 25 P A R ) T A E M 2 4

A SCAEAL " 53 o3 B P AL E T 6l N2
AR RS A B (R TR AF A AL
R B AR A VS I R = TR A I AR 1 R T
B A BE— DB SE5E 3% o A SCRUIE PRI ST, B X
R o 400 00 A PR AT T BRPYPES O A
T AR SCHIL ] 1 AR B SR PG SRR Y A A W)
W PEATI s e — AP T, LAY v DA T 24280, O Lt
R e A L] 25 B 3 BT e v 2 R

[FIFRMR] AXFREEEMTAHGZF R,

[&EZHk]

(1] HEZRAMZEGS. hEANRIEMEZ M. —IM]. JEar.f
[ B2 25 B B i ik, 2020 136-137.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China: Volume 1[M]. Beijing: China
Medical Science Press,2020:136-137.

(2] SRIEWE, & &E R, 5% WES SRR R T]. ASHE
%,2020,32(2):59-62.

ZHANG Z H,LEI H X, QIAN J Q, et al. Introduction history of
Panax quinquefolium L. [J]. Ginseng Res,2020,32(2):59-62.

[3] AEREPR SEER. ASIPLAMEHBIEI]. ASH5E,2018,
30(6):39-43.

REN G Q,DOU D Q. Textual research of drug properties of
ginseng class drugs[J]. Ginseng Res,2018,30(6):39-43.

[4] kiU ERERHEEAIEIM]. B FERHE A R,
1959:21.

ZHANG S L. Shenshi Nyuke Jiyao Jianzheng[ M |. Shanghai:
Shanghai Science and Technology Health Publishing House,
1959:21.

[5] M, T&, R, 5 . R ERDN T8 S b B 38004
BrlI]. ASWF5E,2024,36(5):19-22.

FENG H L, YU J, XU Q H, et al. Analysis of saponin
components in black ginseng processed from different raw
materials[ J]. Ginseng Res,2024,36(5) :19-22.

[6] U, I, R=AT 5 2l 2l By S ST i s il 5
—EEPEN AT ST R (V). 2y, 2024,55(5) :1728-1737.
GUAN H H,BAI L, YUAN D P, et al. Research progress on
quality transfer control and consistency evaluation in the whole
process of traditional Chinese medicine manufacturing[ J]. Chin
Tradit Herb Drugs,2024,55(5):1728-1737.

(7] whaer, 288 1O, 45 . U5 SRS AP 25 BRI

Z YT SR M — BRI W R[], b 25205, 2024, 49
(9):2434-2440.
HAN Y Y, WU Z S, DAI P, et al. Consistency evaluation of
multidimensional ~ quality  attributes of  Atractylodis
Macrocephalae Rhizoma by fusion of multi-source information
[J]. China J Chin Mater Med,2024,49(9) :2434-2440.

[8]  BURI, BT REEAE, 5. NSRS RAEGRTEAS R
A R A0 MR PRI (T, PR 2y, 2021, 52(11)



[ 5238 75

eh JL ==

31 &5 20 FHRE Vol. 31,No. 20
2025410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2025
3391-3397. Res Dev,2024,36(3):485-498.

[10]

[11]

[13]

[14]

[17]

GU C Z,ZENG B X,ZHANG Y J, et al. Variation of ginsenosides
in raw and processed ginsengs( Panax sp. ) and their cytotoxicities
[J]. Chin Tradit Herb Drugs,2021,52(11):3391-3397.

TP M, O S VRS ARG A S RN
Lok B ge [ 0], s 257475 ,2020,45(18) : 4404-4410.
AN Q,GUO M,SHEN Y J, et al. Comparative study on changes
of ginsenosides and activities of American ginseng before and
after steaming[ J]. China J Chin Mater Med,2020,45(18) :4404-
4410.

TR RIS AR, A5 BT RIS ROC R Y B Y
PESRTRIFNTT ). PR 92305 7% 2%35,2025,31(18) : 149-156.
YANG Y T,LIANG S Y, LI S S, et al. Quality evaluation of black
Panacis Quinquefolii Radix based on neuroprotective spectrum-
effect relationship[ J]. Chin J Exp Tradit Med Form, 2025, 31
(18):149-156.

KEUNG M H,CHAN L S,KWOK H H,et al. Role of microRNA-
520h in 20(R)-ginsenoside-Rg,-mediated angiosuppression[J].
J Ginseng Res,2016;40(2):151-159.

XU, R TR, A bR L4578 38 R S 1 A R
RIT R AT ST AR [ ). [ AR, 2023,32(11) : 870-877.
LIU S,CHEN Z H,SHEN Y J, et al. Effects of tumor vascular
permeability and abnormal proliferation on tumor treatment[ J].
Bull Chin Cancer,2023,32(11):870-877.
R, ERE, DEE 5 FOREIM G VEGF 75 S A8 A= 1l
B SEIRETE [ T]. EPRIRAF 25, 2023,23(3) :379-384.
HAO Y M, WANG C X,MA J X, et al. Experimental study of
curcumol inhibiting vascular endothelial growth factor induced
neovascularization[ J . Int J Ophthalmol,2023,23(3) :379-384.
WS AR IR A BT HRIR-A 2 - TR BV S
SR ARSI, Th 2y, 2024,55(19) :6566-6576.
YANG Z Q,XU M D,ZHANG X J, et al. Processing of black
Panacis Quinquefolii Radix based on characters, chemicals and
bioactivities[ J]. Chin Tradit Herb Drugs, 2024,55(19) : 6566-
6576.

W #R , RIKEE R, AF L RO (35 -2 RO Bl AR I 1
MSE RS ARG A AT A &[T ], 2527 ,2018,16(1)
96-99.

ZENG L L, SHE X X, YANG S, et al. Simultaneous
determination of 4 rare saponins in black ginseng by evaporative
light scattering detector[ J]. Cent South Pharm,2018,16(1):
96-99.

CHAN JY,KOON J C,LIU X, et al. Polyphyllin D, a steroidal
saponin from Paris polyphylla, inhibits endothelial cell functions
in vitro and angiogenesis in zebrafish embryos in vivo[J]. J
Ethnopharmacol,2011,137(1) : 64-69.

BNSE BRI, B, 45 . JE TR Bkt — Bt r ik 2
HLHUH T Z I (1], KRR =Wk 58 5T % ,2024,36(3)
485-498.

YANY H,YINLL,LI Z, et al. Evaluation of new processing
technology of Pinelliae Rhizoma Praeparatum cum Alumine base

on quality consistency before and after processing[ J]. Nat Porod

[18]

[22]

TR s, /N EL A8 BT B AR Y 25 R A UL
PR AE B BT S BRI T). R 26 053,2018,29(16) :
2287-2290.

TAN C Q,XIE D S,CHENG X E, et al. Research and application
of appearance traits and intrinsic composition data of traditional
Chinese medicine decoction pieces based on big data technology
[J].J China Pharm,2018,29(16):2287-2290.

EPL, B, HEE A5 P 25 M N e A SE R R
FUHERELT]. v SEgR Uy 4R Ak Ak, 2025,31(8) 1 268-278.
WANG K,QU Z N,BI Y, et al. Maillard reaction in processing
of traditional Chinese medicine: A review[J]. Chin J Exp Tradit
Med Form,2025,31(8) :268-278.

RIS, IR MRERE . NS A R, % TR 200 A 1 A5 2 0
PSR ERILT]. e 24k, 2024,39(10) :5509-5513.
ZHAO T T, WANG Z H, LIN S Z. Inhibitory effect of
ginsenoside Rg, on vasculogenic mimicry in pancreatic cancer
[J]. China J Tradit Chin Med Pharm,2024,39(10) : 5509-5513.
TRILMG , Bk, X1 19 5, 45 . SE PR N 7 B il R ) R 27
MRS HE R [T]. = R4 A ARRL 20, 2022,
44(1):203-212.

ZHANG Y P,DUAN Y Q,LIU Z D, et al. Research progress on
the application of Maillard reaction in food and biomedical
industry[ J]. J Yunnan Univ:Nat Sci Edit,2022,44(1):203-212.
HRUE AR PY ST 55 BT S AP VE SO 2 R B
i N BE D 0 1 A A UG P AT ] R S 5 A 2 AR
2024,30(17):185-192.

SHAO J,XU M D,ZHANG X J, et al. Comparison of differential
saponin contents and pro-angiogenic activities on zebrafish
between freeze-dried and sun-dried Panacis Quinquefolii Radix
decoction pieces[J]. Chin J Exp Tradit Med Form,2024,30(17):
185-192.

TRV TR A X B, A NS A Rb X SE A BR i 45 8
ARV BHLRIBETEL D). M A e 25753, 2019,31(4) : 10-15.
ZHANG X,ZHANG J Z,LIU Z Z, et al. Effect and mechanism
of ginsenoside Rb on angiogenesis in rats with cerebral infarction
[J]. Med Pharm J Chin PLA,2019,31(4):10-15.

LU H,ZHOU X,KWOK H H, et al. Ginsenoside-Rb,-mediated
anti-angiogenesis via regulating PEDF and miR-33a through the
activation of PPAR-y pathway. [ J]. Front Pharmacol,2017,8:783.
a3, BRI , B 4T, 55 . 20(R)- NS 18 AF Rg X LPS 1755 ML P %
AN BRI ], R 220, 2009,44(22) : 1703-1707.
HE B, CHEN P, YANG L, et al. Protective effects of 20
(R)-ginsenoside Rg, on human umbilical vein endothelial cell
injury induced by LPS[J]. Chin Pharm J,2009,44(22):1703-1707.
VL AR LA 20(8)- NS AT R, X LGS P9 K2 AR 3%
SERERS IR ). IiEBsiamTsE, 2010,37(12) : 1352-1355.
XIN Y, JJANG X, CUI J S, et al. Inhibitory effect of 20
(8) -ginsenoside Rg, on proliferation and migration of vascular

endothelial cells[ J]. Cancer Res Prev Treat,2010,37(12):1352-1355.
[EEHRE FT=EB]

+ 203 -



