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Abstract .

environment of Abies fanjingshanensis ,a sample plot study on the growth environment of Abies fanjingshanensis was

In order to protect the endangered Abies fanjingshanensis and enhance the understanding of the growth

conducted based on importance values, niche width ,and biodiversity. The development and morphological changes of
the cones and seeds at different stages were examined. The breeding effect of Abies fanjingshanensis using four differ-
ent treatment methods was explored. The results showed that from 2021 to 2023, the biodiversity and niche width of
the plot of Abies fanjingshanensis decreased. The growth cycle of cones of Abies fanjingshanensis lasted for about
three months from early August to early November. Different soil substrates and shading conditions would affect the
emergence rate and plant height of Abies fanjingshanensis. It is necessary to conduct a long—term investigation on the
growth of Abies fanjingshanensis ,and simulate the real growth environment of Abies fanjingshanensis to improve the

success rate of its breeding.
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Preparation process optimization and antioxidant activity analysis of Cyclocarya
paliurus instant tea”

WU Chaoqun,ZHANG Guohui,ZHANG Wenhua, LUO Yanmei
(Kaili University ,Kaili 556000 ,China)

Abstract; In this study,the preparation process of Cyclocarya paliurus instant tea was optimized ,and its antioxi-
dant activity was analyzed. Using Cyclocarya paliurus as the raw material , tea soup was prepared by using ultrasound
assisted enzyme method ,and then freeze—dried to obtain Cyclocarya paliurus instant tea. The yield was used as the
indicator,and the preparation process of Cyclocarya paliurus instant tea was optimized through single factor experi-
ments and Box Behnken design—response surface methodology. At the same time, the antioxidant activity of Cyclo-
carya paliurus instant tea was investigated. The optimal process conditions were determined as follows : solid—liquid
ratio 1 : 31, enzyme concentration 0. 8% , enzymatic hydrolysis temperature 46 °C , enzymatic hydrolysis time 29
min. Under the above conditions, the yield of Cyclocarya paliurus instant tea was 18.21% ,and the 1Cy, of its DPPH
and ABTS radical scavenging rate was 14.23 mg/mL and 13.07 mg/mL,respectively. The Cyclocarya paliurus in-
stant tea prepared by this process was light yellow after brewing,with high clarity, refreshing and mellow taste , and
sweet after—taste. The instant tea had a certain scavenging effect on DPPH and ABTS free radicals.

Keywords: Cyclocarya paliurus,instant tea,antioxidant
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0.9% 1.0% ) [Jif#f 18] (20 min 30 min .40 min 50
min 60 min ) X ERMIE A S AR AR
1.3.5 Box—-Behnken 0105

R i A TS GG 25 5, BE OB L (A ) (Bl 2
(B) FEfAIREE (C) B (D) A E, AT A
AT R (Y ) kg ] 1A, ) o7 R A i, R
HH Box—Behnken 1 iF—380 N [ 2515 00 AL 7 B b 2k
WA T8 SRR AR 1,

&1 BEHEKFEEXR

KFE A/(g-ml')  B/% c/C D/min
-1 1:25 0.7 40 20
0 1:30 0.8 45 30
1 1:35 0.9 50 40
1.3.6  HERMIEIE R DTS Y

1.3.6.1 DPPH [ H1EEiHERR

S SCHR[ 12 ] B i, T B A ) ik 3 ) s v 4%
VR, BOE VA 5 BT SRR v, 52 m
0.2 mmol/L DPPH %1 2], #EG#H & 30 min, A
FESAF A2 1T 517 nm A ROSGREME A, #E
PRV OEE A, 5 DPPH HI B ROLIE A, . F
FFI07E 3 WG BCFHIE, AR (2) #TIHE.

DPPH H Hﬂ%(jﬁa%:zfz(%>= [1_<A1_A2>/A0J
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x100% (2)
1.3.6.2 ABTS H iEFHHE

SR 13 ] 178k B ABTS e i 1R £ 1R
A HFE 12 b W RS TE 734 nm AR SGRE R 0.7
+0. 02 ; B— 3R, 2 mL ¥ 2 mL ABTS TAE
W, T E 6 min, JIIRSERE A 55 Bl— 3248, 2 mL
TeoK B ¥ TRV RE 7 A B 5 WO R A, #5285
(3) 15,

ABTS H HEIEBRR (% )= (1-A,/A,) x100%

(3)

1.4 K IFEnHr

K H Design—Expert 10. 0. 3 B A43E 47 i 1 1 53
e B A Tr 225301 R A Excel #4721

2 HBR5H5H

2.1 RHEZEE

2,11 BRB X B 2R AR A

HIPEL 1 AT, B RN L B AN B R, 75 s
R AR L BT N5 08D B AR A B, SRR L
1 s 30 W AR AR G, TS BE A RHR L RSN, A5
IR, FTRER B TORMA L B3 ki oA i A
F AR Y 75 B R B, 35 BRI 2R A R
FEAR

)
T

FHRI%
o«
:

IS
T

1:15 1:20 1:25 1:30 1:35
Rl

1 BHREE SERMER F [ ENIMm

2.1.2 B XTTE BRI AR AR B R R

P 2 TR0, fE—E T A, 7 R I 2R R
WA B2 ARSI HE I, 7 0. 8% 254 T 15 F e,
ML 0. 89% M, Fifi 35 Ml vk J5E F) 18 i, A+ = 5 7 o
%o BN AT BESE « th T W BE iy , o 75 R i
AR TR A8 Y T B T S0

0 . . . . . ,
0.5 0.6 0.7 0.8 0.9 1 1.1
AL /%

B2 BmREMNSERNERARSENZI

2.1.3 PR RE X BRI AT R A R

H1&] 3 Rl Bt B AR IRLISE 9 T, R
ARG AR GBS INJ 080 578 A 3, 21 e Ak I 2
945 CIf f3RiR . FEOR M TR 1B
Ao AR v A T 2 (o R ) 35 R ARG, DA 52
i 3175 BB R AR,

201

0 . . . . . ,
30 35 40 45 50 55 60
AL C.

B3 EfEENSERIESEF[ENM

2.1.4 WIS IE]X BRI AR AR

F P14 AT it T A A ] (9 580, 5 R
AP RIS YRR A 30 min B, 7
i, Z e WA I ) B0 3, 15 AR AR R
A BE SRR AR P v 1 B B AT L A (], 25 E 0k
—E MRS, ERME R 2 08 TP, '
Tl TR 2 R A 7 A B E B R P T
$ i R AT REGiLIN TA]

201
16+

& 12F

#

10 20 30 40 50 60 70
it it A 8] /min

B4 EfEntE XS &IE R FF[ RN
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2.1.5 Box-Behnken A0S
2.1.5.1 Box—Behnken B i1—Mi L [ (15 15 45
HRAJE T HA P S g0 245 21 R IBCRHR LG (A) il 3
(B) BEMEREE (C) (B RL (D) A RIER DA Bl
HIE AR (Y) A B , R F Box—Behnken 1%
Al CINATITRZ S e il Lt P b ) O M e P U
2, FIH Design—Expert 8. 0.6 #{Fi#4T — k£t A
LG 1S RIBIR A R 2 5 [m] 5 5 7
Y=18.07+0.72A +1.17B+0.85C + 0. 049D +
1.09AB - 0. 25AC - 0.40AD + 0.57BC - 0.29BD -
0. 85CD-2.96A%-3.56B%-2. 15C*-2. 22D,

%2 Box-Behnken iIKIIZEIHTARSER

A= A B C D Y
1 1 -1 0 0 10.25
2 0 0 1 -1 16.12
3 0 0 -1 -1 12.71
4 1 1 0 0 14.28
5 -1 0 0 1 13.24
6 0 1 -1 0 12.48
7 0 -1 0 -1 10.48
8 0 0 -1 1 13.21
9 -1 0 -1 0 10.65
10 0 0 0 0 17.58
11 0 -1 -1 0 11.45
12 1 0 -1 0 12.46
13 1 0 0 1 14.25
14 0 0 0 0 17.46
15 0 0 1 1 13.24
16 0 1 1 0 14.45
17 -1 0 1 0 13.73
18 0 0 0 0 18.25
19 0 0 0 0 18.94
20 1 0 0 -1 13.35
21 0 1 0 -1 14.08
22 0 -1 0 1 10.86
23 0 -1 1 0 11.12
24 0 1 0 1 13.28
25 0 0 0 0 18.14
26 -1 0 0 -1 10.75
27 -1 1 0 0 10.91
28 1 0 1 0 14.56
29 -1 -1 0 0 11.25

TSI FE 3, mFE 3 AT, AR Pc
0. 0001 , ZZ BH [a] ) 5 FEAR A K 3 55 B I 35 /K, 4

I P=0.2637>0.05,R* 43 0.95406, R, 4 0. 9081,
RUVRAUTUA B35, J7 RS A, SEgR iR 25/ /]
DA Rl 77 00 75 B A 2 il 4 T Z 2380k 0
HrRIE A5 RTe HIR 2K Y, 6 R i 2
PRI R ARE O - MR BE (B) > MR IREE (C) > 8
B (A) SHEFEISE (D) .
R3 HESN
SR CPJT FE M7 Pl P BEM
BiRL 174.91 14 12.49  20.75 < 0.0001 * ok

A 6.19 1 6.19  10.29  0.0063 o
B 16.5 1 16.5 27.4  0.0001 o
C 8.77 1 8.77  14.57  0.0019 *
D 0.029 1 0.029 0.048  0.8294

AB 4.77 1 4.77  7.93  0.0137 *
AC 0.24 1 0.24 0.4 0.5379

AD 0.63 1 0.63 1.05  0.3229
BC 1.32 1 .32 2.2 0. 1605

BD 0.35 1 0.35  0.58  0.4596

CD 2.86 1 2.86  4.74 0.047 %
A 56.78 1 56.78 94.32 < 0.0001  * *
B’ 82.09 1 82.09 136.36 <0.0001 = *
c? 29.88 1 29.88 49.63 <0.0001
D 32.04 1 32.04 53.22 <0.0001 = %
% 8.43 14 0.6

RPI 7,02 10 0.7 2 0.2637

a2z 1.41 4 0.35

B2 183.33 28

P AT 0.01 REREE, DL« =7 FmR; P /AT 0.05 UK E
E RS

2.1.5.2 w0

R 111 01 5 e gy e o TR 1T, 3 BB L | v
VI AR IR AR ) X e 7 L T R A AR
(RS, 25 S LI 2, e o T DR AR AR B T A R R
A& H N 5 B, i o7 T BE U, 2 B 28 EAE b
. IR L 5 BT B AR e W 3 HAE T (P<
0.05) ,BHA Lt 5 bk 05 B2 863 At B 1] 1) 22 BAR AN
W2 (P>0.05) , Bk B 5w I B | A 0] 1) 228
HAEFAS .2 (P>0.05) |, Tl figp I3 5 it ik 1o [) A7 7
WEZLHAEH(P<0.05) %4518 5% 3 himgs R —
%,

2.1.5.3  HAERALES R IR SL I

ek e B ARG, LS B B LG 1
30. 77, B 0. 82% |, W ff IR 46, 15°C | Bff ik )
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35,00 1785
13000 B 0.80
D: i lmin 250 70 070 B B

250,00

'

j m‘]
. B b i
D 90007 HE o
085 35.007 g h000

080 30.00 7
0 e, Di WIS min 25,00 3 00" C, FgfgimEC
075 . gitepzon D DR min 2500 .00 °C; fd(;ﬁm i

35,00, SO

D: A i 220,00070 |

B2 BAREEXEERAMESERINESRZESERZWN
ie) 1z 4 T ]

] 29. 40 min, fH RIS 18.35% , % IS LR
VEABTE ] BRI EE 12 31, B 0. 8% |, T it T
46 C , B E] 29 min, FERLARAE TR, #6171 3 41°F
TSRS, TR B 215 300 18.21% , vhifd
JE R VI T IR, R HET, S Ehe
{EAR L, A RHR 22 24 0. 769% |, i B 12245 1 5 52
B LA B i B I R 47, 7T 32 ] Box—Be-
hnken i 3 AT PL A0 7 BRMIE A 25l 25 T2

2.2 HEMEIEFREAARITR

HI P&l 3 ATAL, 5 R %5 45 X0 DPPH [H Hi 2 Al
ABTS H A — MG REH, At 3L bR
SR A VA AU BN B  T EREA
AR B 0, HL A BT R B 2 T, 2
BRSO DPPH H 51 ABTS A MR A5 BR %R 5
BEAF) T 65.82% F170.35% , Hib % 1C, 435
14.23 mg/mL #1 13.07 mg/mL,

3 %8

FEMIT OO S R A7 24 i [ K R
PGP Z — T ERMITERS AR IR FHR N AR
AR BRSO 24 M ) T R ST A4 AT S R A
MGEME T B BBIR, (HREE 75 BRI AR A4

80
70
60 -

50
bt —— DPPH [ i A5 FR %

&A0F —e— ABTSH th K3 %

4.0 8.0 12.0 16.0 20.0
JFE A/ (mg/mL)

B3 BHUNEARFENBBENERE

A= & 577 DS VR A e 1 N ) 1 B S | & A Y
EHARBAEROL, W T uE Wedn | TR S
PR VS 28 AL A A5 e 255 vh 1 3 57 10 5 KUk, O
HEA T SR, BE w2 IR Pk
MR R, B —E M,
AT AT B0 A SR, SR FH R 7 i B it 12k o
TR , 2 v R T4 T2 A R R
2, USRI THl& T2, %IE T 255
FRHREEE 1 31, BRI 0. 8% |, BRI 46 °C i
fif B 1] 29 min , 78 ST 8 10 75 BRI V5 25 15
KA 8. 21% , LG M IR B, T T R
s 5 H A, TR AT T R I, 7 B v 2 X
DPPH H H %A1 ABTS H H B A — & 1975 bR 1E
Mo SJEHXTE R RS 5 I 2 AT, LA
WIAF SN AN TP R 4 A i B Y
TR,
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He T 2% 25 BRAA PR = T3¢ 2510107 AR/ D A il 19
TE AL

; £ pfy ANT, ch1,234
ﬁk’f%?&hzﬁ,}']‘?gej@ 1’2’3,7£"_L%’§‘1’2’3,.75"—‘%i1 3’}§] /E/UI 2.3
(" BMERBEZRE SN BB 5500057 AR AE S E A EPEY LRMRTAER, 5N 5 550003 ;° S 9 B2 k2
S MHEEERE, StH BB 550003)

H OE., BM.ATRAARFRF=ZFREFDETEN @O EGERNE, Fik. BN PHRAABRRKEES > T
& (TCMSP) M = F 33 709 £ BACE s ARAE 25 4 0 IR A A B A 2K 25 1 0 3k 25 4 3% M R &, F 3K B s 2 32,8 ; Ak Dirug-
bank . GeneCards F= OMIM X 4% & 3k BCIE /0> 4m JoLAF & (NSCLC) w9 48 X ¥e. &, 5T K12 & A 14, 1% A STRING £ % E ¥ 47% @ 48
AR AT #13E PP1 M % ; A1 Cytoscape3. 7. 1 #3E“ = F Jx 5 A -3 > tm J M J Fe & — 388" M %, FF A1 A Cytoscape3. 7. 1
R TH  HAEE ERT A S R E A RS T S F AR F A5 NSCLC 2Rl ¥e 5 347 L B AR (GO) 7 Ak A AR A A 25
B2 (KEGG) 12 51055 E oM, BR K17 106 AN=FRE7 % 4083 ANEE L 948 bt B R s e b B F IR
&, EHRMA AR, @i Cytoscape3. 7.1 KL AT 5 9 S hdpde s, 55 H ABEE B-588 B-AY &,
(+)-ILEZ F R, @it STRING 238 & 5 47 # s TP53 . ESR1 ,CASP3 AKT1 TNF % *4tehde s &ig. = FhFHpad
S ¥k S EBKIEEIT AR D MR EGER

EBR. = FHREH,MEHRF FImEHE ABLETE

hE 4% S.285.5 SCRRARINAD : A X EHE:1003-6563(2025)01-0011-06

Action mechanism of Sanziyangqin Decoction in the treatment of non—small cell
lung cancer based on network pharmacology *

DAI Weimin'?? SUN Yanxu'?® , WANG Mingxiao' >’ LI Ruochen'” ,ZHOU Xun'*’*

(' Guizhou University of Traditional Chinese Medicine , Guiyang 550005 , China ;> ZHU Zhusheng National Famous
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University of Traditional Chinese Medicine , Guiyang 550003 ,China)
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Abstract; In this study the action mechanism of Sanziyangqin Decoction in the treatment of non—small cell lung
cancer was explored based on network pharmacology. The main components of Sanziyangqin Decoction were collect-
ed by using the TCMSP database , the active ingredients were screened out by oral bioavailability and drug-like-
ness,and the related targets were obtained. NSCLC targets were obtained from the Drugbank , GeneCards and OMIM
database ,and the duplicate values were removed. PPI network was constructed by using the STRING database. The
decoction—NSCLC targets—pathways network was constructed in Cytoscape 3. 7.1 software,and the core targets were
screened out. Gene ontology ( GO ) function and Kyoto genes and genomes ( KEGG ) signaling pathway enrichment
were performed by online bioinformatics analysis platform. A total of 106 targets of Sanziyangqgin Decoction and 4083
non—duplicated NSCLC targets were obtained,and 84 intersection targets were acquired. The top 5 core ingredients

were luteolin , beta—sitosterol , beta — carotene, ( +) —catechin, and sinoacutine. The core gene targets were TP53,

ESR1,CASP3, AKT1, and TNF. In conclusion, Sanziyangqin Decoction exerts its therapeutic effect on NSCLC

through multiple targets and pathways.
Keywords

nese medicine expert

il A A BRAE T 2R g i M g | I Aok
R DTS RS A S B AR i,
A% R I 4B B R ( SCLC) FAE /N 4 ff i g
(NSCLC) , FEI P H = /I A0 i fii 98 58 4 % DL, o5 M
i R B L 5A 85% ~90% ) H R H FHBIAYT
TR YT AT TS REBURE IS
PR O A TR H R LT ARIBITHLS B R
REEBERIVE K MU L2557 0 . X EIRYT Y
Jiti 5 1 LA DO RE 3 B 3 A B
FAMA R R, BB H ™ E %57
i 2 EA R D | REAS B LR S
SRR, DRI, v B b 2 7 iR b e B T R
HAHE R HOR, B0 0 3548 v R 1 AR T
Ja > A, H R 25 2R AT R B B IR T AR/
20 9 ( NSCLC) BEIRAR

ML B2 0 /N A 98 ™ 96 44, A0 i v B2 2
PR CnZmg < B TR AEIEET 2 —Fh i T ALK
IEEAE SARZR, IR E K i, SO IR
BHL AT 2R 50, 4R 44 3 P IR AR AL AR U R
AL = P05 K YR A e B A Y A O il Sk 7K 2
TR B AR I B AR KR B K, KR
b, FHREE = WEDD AR H , SO A AR A, 7K
TRASE SR 2B 800, I PR 2 B Wl R 22 Wi 4
X TR e DL, 35 = F R R iR )T IR
I 25 i PRt R

=FFRRHE I T IREEE ) %07 BA IR

Sanziyangqin Decoction ,network pharmacology,non—small cell lung cancer,national famous old Chi-

AR R % 2 3, FE TR Z AR, J7
AT BA TR AR DG 0 T
AR IHR | 1V Wi ) DR SRR T HA T R
MR = 2ARAL, W AURR T % T

FASRHIFTE R, =137 26 0 % T Il A5 40 i
P, LR 10 25 s 784 Jils ARG 1 36 97 HAT B 18k
SR Tz R TR, AN, SR R
IISRAR T2 (SEN) REAE 18 R 254 B Be & 45 4 A
U ELREX g T 240 1) 1 B i g 4
ARG A 3R AE T RO T b S A
X9 S5 R P PR 24 B T S A T R
H ST AU B e B AT A= W REBIE pS3, T 5 2
it A B A S04 e T G2/M 3, TR B A 5 O O
T2 BRAERFSE R, FOF e ) 2 b R 0
BERAMAL T T R AR R A R T

P28 2y B R B T R G AR Y BAR M AR )
R R E RS 1 Rt T 2 T
BEVHI— T TR R 2 Bl o 2558 0 5 R
TR A5 B — B BT b7, 75 B 251
WG, IR R« B -k Y - 30 5 - 25
W2 AR T 25 22 Oy M 2 IR AR IR
R AR LGP VR, DR P 25 1
P AT SR TR A

ARG N P00 45 245 B2 25 5 44 2 T B i T O 45
R T IRRIAY TR/ N e RO P AL
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1 #RHTTE

1.1 =FHFEa%hHesirik

iz Ffl TCMSP ( https ://tcmsp—e. com/ ) K& J7E Xt
AT (HIT T I ISR AT R K 25 )
f) OB {HEUK T4 F 30% , DL (HEUK T4 T 0. 18
VR R O 5 P 1053 5 14, TCMSP 450908 P A 46 3 1) 4
S 25 W) 3 P 43 38 i PubChem ( https ://pub-
chem. ncbi. nlm. nih. gov/) KU 2D 71454, B
F| H SwissTargetPrediction ( http : //swisstargetpredic-
tion. ch/ ) HEATHIL L UM A Ry #7812 L IRAFH 259
B 5 FeBRrEE R S5 A Uniprot ( https ;//www. uniprot.
org/ ) BHi PR AL FRAREAL

1.2 3E/ %m0 % 5 ok e, SO 4R

# “ non — small cell lung cancer” 43 5l K & T
Drugbank , GeneCards , OMIM AR L B AR B3] 1Y
NSCLC %55 #E i 54 H A2 301

1.3 hih—mo—3e.5 M % B b 4 4E

B 15 245 Py AH [ #L 5 #% AL STRING (version
11. 0, https://string—db. org/ ) B4 22 , ¥4 PP1 ®£%
K., RESFA Cytoscape 3.7.1 BRA 2250 258 — 1Ay
—0 P25 O R E ARG Degree {E 7 1E H HEA AT S
R B

1.4 AEEH

FIH #4415 F & (http://www. bioinformatics.
com. cn/ ) X AZARHL AT GO KEGG & 5704, He
i & B {E R P-value<0. 05 ,0-value<0.05, GO &%
SRR P EHET , £ P EHT 10 4517 Ak
IR

2 #R

2.1 =ZFhEHAYLER

R3] 19 FhAF A i 2 250 B AR SR F 0 1 =
FIEDREY(F 1),

xR OEHBHIESMG(ORFAE LEY) WEMLFERS
AR |

MOL 1D 1R R o KA W HR
0
MOIL001697  Sinoacutine 63.39  0.53  HIFF
MOLO000492  (+) —catechin 54.83 0.24 %HF
MOL006209  cyanin 47.42 076 EHTF
MOL007179  Linolenic acid ethyl ester 46.1 0.2 LhT

icosa=8,11, 14 - trienoic acid

MOLO010672 44.81 0.23 T
methyl ester
icosa—11,14,17~trienoic acid —
MOLQ3975 ORI I ITmenole Al e 003 ST
methyl ester
MOL006202 LAX 44.11 0.2 ¥HT
MOLO001749 ~ ZINC03860434 43.59  0.35  EHT

MoLoos21o eI mB D melucopyrano 0 g 0y sy

side( cirtrusine )

MOL007514  methyl icosa—11,14-dienoate 39.67 0.22  ¥hF

MOL000953 CLR 37.87  0.68 EHT
MOL002773  beta—carotene 37.18  0.58  EhF
MOLOO01771  poriferast—5-en—3beta—ol 36.91  0.75  EhT
MOL000359  sitosterol 36.91  0.75 T
MOL000006 luteolin 36.16  0.25  EHT
MOL001506  Supraene 33.55  0.42 EHT

2= (2 - phenylethyl ) - 6 -
[[(5S,6R,7R,88)-5,6,7-
trihydroxy—4 —keto—2 - (2 -
phenylethyl ) -5,6,7,8~tetra-

hydrochromen - 8 =yl ] oxy |

MOL013037 31.31 0.61 FSFF

chromone
MOIL005030  gondoic acid 30.7 0.2  ¥%TF
MOL010690  Uniflex BYO 30.13  0.25  HIFT

2.2 HiFegde b LR

2ol it , AT = IR 2 RS R
BT 101 A, 1T 18 A4 3RAR T 3 4>, I BR 2
i J5 3L 75 3] 106 4~ # /5 ; GeneCards, Drugbank |
OMIM 73 511K A5 /)N 40 i it s 5 5 8 50880 h 3683
AN 52 AN 469 A, 4202 S35 L IR HE 5 I BR
ARG 1931 4083 5 BE AT A

2.3 PPI%X

IO FH 5 FEL LK A 53 8 51 00 15 24 R A
IRAg B, 15 31 84 A AH [] i PR A, 8 H AL A F)
STRING %54 22 ; #  ) Fh . A2 (Homo sapiens) |,
{51 :0.900, FFARHE FE(H ( Degree ) K5tk &4 Hi K E)
ANHES By B R A JE O PP AT, B SE TPS3
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ESR1 ,CASP3 AKT1 TNF A %056 R0 5 5/ 2R

HEMEE(E L),

E1 ZEBEEXRE

2.4 BH=ZFREALY-mHy - LM%
A

BHEImkawsS LELAFA Cylo-
scape3. 7. 1 K, M« = F IR A 259 - o —
FEE R (18 2) , IR Degree (RS 254 053 M
UCHERF 15 2 2% Pl 5 Ao 2 SCEIA TR T AY 2y
Pl (£ 2) .

2 ZFFFAHY-HS-BRMEXRE

Fz 2 HEF Degree 1ERT 5 HIZAHIRL 5

MOL ID Degree 29 5y U
MOLO00006 54 KRBEEFH EHT
MOL000358 24 B4 (i EHT
MOL002773 22 B-#AE M EUT
MOL000492 10 (+)-JLER E DI
MOL001697 10 T RURE B EP s

2.5 GO 4 #M&R

WS BB R AR & IR 21
DIRE(MF) 453 72 (BP) AIALAL (CC) R 10 {3
R TGS ARAERE (B 3) . = FIRRBIRIr AR/ Ml
Rt 19 701 DI BE (MF) . JIKZE & (peptide binding) |
T 4574 3 5 5 45 & ((disordered domain specific
binding) A% 32K (nuclear receptor activity ) 4 10
A AW B (BP) o %2 [ BEER (9 SN ( response
to steroid hormone ) 4l I XT A2 W 384 SR ( cellular
response to chemical stress ) X4 )& B 1 M ( re-
sponse to metal ion) . [ K¢ 2 il 34 5 ( epithelial cell
proliferation ) %5 10 /> ; 40 iE 2 A% ( CC) : 4K ( mem-
brane raft) | J& {3 3% ( membrane microdomain ) | & 4§
(membrane region) 4§ 10 14>,

s BP
— cc
20 - MF

Enrichment score

3 GO 4#f BP.CC . MF ®i 10 fIg94 #reE RIERKE

2.6 KEGG §HE 4R

RV K F] 165 2538 1, AL HE PI3K - Akt

{5518 % ( PI3K - Akt signaling pathway ) 40 Jifg 4 1=

(Apoptosis) 5, il/s = FF2 R AR E T L ik iE

B X NSCLC FEAEA/E T, BRI 4
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Environmental Information Processing
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Human Diseases

0 4 8 12 16 20 24 28
Gene Count

Bl 4 KEGGC E&E4HH

3 itig

WF5T % L, PI3K - Akt {55 53 35 1k 55 /N4 ifg
JitiJegs O FE AT 35 4 U0 S 1B G A 5 2 I RS )R BB A N
PR Ie A A A B 2 S bR A AR 2 RN A% L
s 5 hoJes 4 Mo it 25 450 L Sy s /I
PI3K-Akt {5518 B§ 7 NSCLC 1 & ¥ K BE/E T, )tk
B I S PT 1 — 2L ] NSCLC 41 345 , i
#E NSCLC AUAEIA T, XAl F A Hl PI3K-Akt {5
5300 6 T A 1 245 00 B A0 A A58 e BEL A 3 B 1) o 8 0
A 1T 93555 %o 40 6L 980 T %) 40 oV P, L R o0 6 ek S
AN Y A PO B ANl o b 24 38 5 PI3K/ Ak
mTOR 15518 697 NSCLC B Hrig iz,

ARAFFRIET G 2 A AR LI, KRR B
~A R B MR (+) LR R CH KR AT fE
J IR R IR T AR/ N R 1 S A
AT 5T R B, R PR R R E i ) PI3K - Ake—
mTOR 3 [, WA 32 3 7N A1 Al 43 40 A 1 0 B
AT, A2 E IR RE B4 BERE W
S8 0 A /DN 40 e A 40 ) 43 43 A e s 1R
WS G2/M 1, T 5 I RS A A T, SR AH
FERIP BT N FREE I 22 Fh R A0 i
HagE AR L T BAE R AT g S ] PI3K/ Akt 8
FETEPER G BB N A RE R A 980K Mg e 1
L, 52 EER, PR AL, (+) - LA EST
il i AT A 5 S 3 A IR R B AR
R, IR 5 S A2 02 (PT) g™ A= U [R) Be h7é
YER, wIU8EE PT r 350 A% s B 14 R L BB 76 R 52 )
SR ETER T 2> PT Y &, AL AT BE -5 3 i
PI3K-Akt 18 A 5,

i T ) 45 24 # 2% 43 B TPS3 | ESR1, CASP3 |
AKT1 [ TNF S5A% o 56T /N0 B i 98 A7 3 28 R G

A PHPEME R, Zhang %6 BF5T R BT, TPS3 JE[H %8
ARE T EL p53 H A I T REE Sk, Rl A (i p53 &
FIARAS BT B B0 16 1, T2 2F NSCLC & R, ZEHk
SIS K B, ESRT 255 3045 42 thil B /)N 400 i il
AR A A R | 5 A8 3 Ao 175 A A0 O T DA
HICI A BT Y BT A R, E B AN &R
CASP3 T 4515 SR T CASP3 J4IE 77 D4 £ I 1%
1%~ C—CASP3 17 & #4510 8 Jiti 9 40 L 08 1~ i VE
[] B BB ) 4601 288 7= A 7 o 9 A4 e 1 VR P L 58 4
S B B, AKT A S — o S 56 PR 3 1ot 22 ol s
SEHFHER AL, N E T, DY &
P, TNF-o 38 3 380% NF-«B 38 B%i7% S Tho 41 i 43
Ak, 24 T Rt 9 4 M R T O B A R A, K
e = T35 32 %% NSCLC JEN /EH FEH 535S
S AN ARLYE T 55 P R A A G

PCAFF 5T 38 2o P 4 25 B4 R e I = -5
FH AR /IS it s 040 A DG 1853 B A PR A, A5 25
R, = FFRFED e T PIBK- Akt {5538
KA I AN R 1 B R A AR
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Yo b

& HREEZAE A AR R R A R
(" SR AP BEZ R b, E R 2 LR AP PO, SN R 25 ) 5 R TR AP 5o, M KB 5500257 &
B AR B BB, M i 554000)

W OE. BT T ARk AR R 0 T R A i K 4 B R RCR AR A s T AR A A 4 R R
Ao flg a0y RAE IS, ik B AE LS HPLC B0 T L 2 o ey 5 Rt Ao K - BL A 2(P,,) B A @ BRI
% (cosine) \BUKJE B A #-G A A7k (Grubbs) 3R AR ML, R BT LBERBRARRS AR . THEH . FATH
By FAEEY W AN e R ) pH AALE 7 iR ALK P 8 TR A P, ¥ B — M AR A BRI AR A B UL B e T 4
- B R A PR 0 B R T 3 hm 20 500 R R A e A Sk S P 2 48 0 R R GRS SRR A

KER: AAMEIN, M ERE R BRIES AR BEH AR BT LIEL K

HhE 5SS R286 XERFRIAAD . A X EHS:1003-6563(2025)01-0017-06

Similarity analysis of equilibrium solubility and oil—-water partition coefficient of
volatile oil of Gleditsiae Fructus Abnormalis "

CHEN Lei' ,CHEN Xiaolan'* \DONG Nana’ ,XIE Shucai' ,;HU Juan' DENG Qin' ,HUANG Yaolei' ,FAN Gengqi'

(' Guizhou Engineering Research Center of Processing and Preparation of Traditional Chinese Medicine , National En-
gineering Research Center of Miao Medicine ,School of Pharmacy , Guizhou University of Traditional Chinese Medicine ,
Guiyang 550025 ,China;’ Yuping Hospital of Traditional Chinese Medicine , Tongren 554000 , China)

Abstract: We studied the similarity of equilibrium solubility and oil-water partition coefficient of each represent-
ative volatile oil component of Gleditsiae Fructus Abnormalis. The solubility and oil-water partition coefficient of the
effective components of Gleditsiae Fructus Abnormalis were determined by flask shaking method combined with
HPLC. The similarity was evaluated by vector cosine method, Euclidean distance coefficient and Grubbs method.
The equilibrium solubility and oil-water partition coefficient of paeonol, eugenol , methyl eugenol, linalool and ane-
thole in buffer solutions with different pH values and water were similar. The similarity analysis objectively reflects
the statistical dispersion of the properties of each component,which can improve the scientificity of the component
property evaluation,and provides a basis for the preparation design of the components of traditional Chinese medi-
cine.

Keywords: similarity analysis,vector cosine method , Euclidean distance coefficient , Grubbs method , volatile oil of

Gleditsiae Fructus Abnormalis

YA R ( Gleditsiae Fructus Abnormalis) KR F *E%E( Hh %Jjﬂ>>2020 s y HAER , Rk ; fH
S RHEY) Y% (Gleditsia sinensis Lam. ) /N JEH INEE A Z RIAZ AR T ES | I s () 2
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R PR R BN I AR T
R E A EEZE P ME DL S R 2 A =
A Y A B B PR iR B
CsE O WL I 45 22 Fp 25 BRAE ) A o ST 5
R, K A B M B /N BRUR R R A0 RD B
I 865 4 B A 3 s RO S TR A9 Il v B A AR 1Y 52
w7 AR AR 3 - S (GC-MS) #
ARXHE A BRI AT 734, K R B4 A A
AR M-I R S— MM E a—7h I a7
THis AECEE a— K 223

STV ik BE AT K 3 BE R (P, ) = W —
YL/ W53 S A AR 2 PE I 2 AR ] sk i
(LTI 668 S =i 2 6 s o 1 W 1
BRI  BRE  ARE 53 i 3 SR A R A e
A3 PO T SR S 0 R 2F R4 A TR 7 G
St AT B4 ROCR HLBE RIE FHAIG; 83 GC-MS 45
B W2 2R 0 8 0 S SR AR S AR B o Y
Wy 1A AR TR I A 5 e L e S
WAE AR A e R IX 5 AN A1 4R
B 00 ATV s itk R 7K 0 iE R BRI

e L

1.1 &

Agilent1260 B SRR (%A (LR FHEA
RS H]) s DKZ-5 BRUK VA FE LR 5 f (IR 23 55 5%
WA R ; TD5A-120 & AR B0 CF
M4 dn RS A PR ; AUWI2D B4R B K- ( H
K Shimadzu A ) o

1.2 ##

6 A S 53 % B P B B (GZDD-0046 )
T B (GZDD-0401) , H 3 T & By (C102127) , 55
FEBE( GZDD -0244 ) , 16 77 it (C100243) , ¥ H 5t
M3l KB A BRITAT A A, 4 >98% , BB ([ 24
LA 2E A FRA R HES . UN1230) |, IEFEE( I
TR DB AEAL T4 PR |, it 1607101 ) , PBS #%
MRih 22 vhil (db RS ER B A R A AL i 5.
P1003) , 47K

e

2 AEEER

2.1 RAITRB IR &

KR PRI Bl T Al T A 7R
i A R R T TR 50 mL 2SR in
i o 22 20 B P ) SRR, PR BRI IR 2 mL R
10 mL 7 BRSO R 2 B 66
pg/mL 14 we/mL . 8 pg/mL. 28 wg/mlL 32 wg/mL
TR 5 X BRI 4 °CUKFRIRAT A o

2.2 HPLC M Z Fikehs

2.2.1 3sam

i 2 N 3+ . Welchrom C18 {6354 (250
mmx4.6 mm,5 pm) ;A shAH 0 HEE-/K (68 : 32);
T .1 mL/min; B . 200 nm; FEFERE .10 L
FE 230 °C
2.2.2 LEMEEER

HZS 0 00 RGBT A oy R R
“2.2. 17T SR BTSSRI WLE 1, 4
R, &Mooy B RAF A BT, k%
JEMEL

(A) 25 A%
1
f2 3 5
A U'\ A A A
CI-FREEl s 2- T A&, 3-FEET & r; 4-J5Mal; S—miarin )
(B) WA AR IRA XTI
Bl Z=ABRFAMETEENES M BRNEER

2.2.3  brifEHRZ A

RS PRI Bl T Al W T Ay D7 R
T A S BERET T 4RAY 50 mL A s in
i o 28 20 B2 TG 1) JIC BRI, RS 7 B ICRECR 0. 0625
mL 0.5 mL.1 mL. 1.5 mL.2 mL.2.5 mL + 10 mL
AR M B E R BRI L 72,2, 17 TR {4
T SRR I SR T AR, DA T AR (Y ) AR,
e (X, pg/mL) A Bk, FEAT 2 0] 15 23
B AR ILR 1, & o e 06 2 PR 1 L N 2t OC 3R
R4f,
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R AEB.TEB RETEH SEE,

EIERANEMEXLRER
Ay [ = R R/ (pg/mL)
baviAi) y=36691x-19.361  0.9997  2.0625 ~83. 000
THEE  y=108172x-40.038  0.999  0.4375 ~18.000
FIL T/ y=1535060-32.328 0.9999  0.250 ~10. 000
i y=16981x-3.2301  0.9997 0. 875 ~35. 000
[ y=80935x-54.266  0.9999 1.000 ~40.000

2.2.4 fEEWEHE

#1455 50% 100% 150% = T A [ Joi 52 94k J3E 1Y)
RGN IR #5222, 17 R a3 s b %45 H
EHG 2 BE FN H RS, AR —RE S e — H N 4
YO SE 5 R H H RG22 DA Rl — AR ik 2k 4 K
I E G5 R H RS % R, S5 R R, H K%
FE5 HIRDRS 2 B /N T 2, RIS 2 B AT

2.3 RE% R R B

27 2020 R H [ 2 8L 55 PO R 5%, 43 )
HIARTH pH {8 (2.0.2.5.5.0.5.8.6.5.6.8.7.0.
7.2.7.4.7.8) i PBS AW, 4 CHUE AR,

2.4 EABFeIRAR GG H] &

33 O AR (T S ) FIK AR (AN TR pH {E
(2.02.55.05.86.5.6.8.7.0.7.2.7.4.7.8) 1
PBS %) 4 100 mL T 250 mL #EIE RS, #8745 30
min J57 , THVE % 24 h, BURFE SR 0, 4 CIL
B

2.5 BT R o T A IR AR R B

FREGE A R/ T 2.0 mL B0 b fin Ak
B AJA] pH fH(2.0.3.0.4.0.5.6.6.8.7.4.8.0) 1
WEMRER 22 WP 200 pL, TH IR 7S5 24 h, B CE 1
h, B.0>(12000 r/min,10 min) i, B 75 150 wL
F 5 mL ZEMP, EEZEZEL,H0.22 wm JEIK
ik, BUEE IR R ERE 10 pL, 3242, 2. 1730 F @i 4
PR SEATINE 3 IR, TR A R R 25 R L3R
2, HIZR 2 "I BEAE 5T pH ERYAEAL 5 ALY
VS At Al Bl 2 AR Ak (R AR A AR R, o 7E pH
{ER 4.0 BF 5 A BT B 5 A FE AR . AR )T
H B o KBNS P B W T A By O R B
I T mA&N, 5 AR pH EZ ik
F oK Hr - A 1 A BE A 0. 0338 ~ 1. 6051 mg/ml.

Z 18], JE TR A
R2 BIFEEWHES T EHBBRENELE R (mg/mL)
1 K pH=2.0 pH=3.0 pH=4.0 pH=5.6 pH=6.8 pH=7.4 pH=8
FHEZBE  0.9596 0.8210 1.3684 1.6051 0.7664 0.7397 0.5737 0.5680
THB  0.3132 0.2074 0.4420 0.5620 0.2054 0.2531 0.2161 0.2266
FXETHB 0.1213 0.1223 0.1329 0.1234 0.0722 0.1075 0.0806 0.0748

J7REEE 0.1339 0.0844 0.1080 0.1658 0.1137 0.1337 0.1343 0.1535
WA 0.1965 0.0338 0.0694 0.1049 0.0471 0.0493 0.0602 0.0457

2.6 BT RR A Ky B R BN

K BRI A BA R S5 4.0 mg T 10 mL 4§
s AR ARURT B TE SF B WROE A R 2 2, i
7 A AL R S, B B e 2. 2. 17 TR Ak A%
PR A BN HE PR B I R EE € o K3
HUS mL & A AR 57 B IEF BT 10 mL 2
O AP T 7 BEARL A% 7K A T S B A
) pH=2.0.3.0.4.0.5.6.6.8.7.4 8.0 WL ELZE
S mL, M S TR IREE 24 h UL B IR EE 1
h 5 K 2 AR B e B R L AR Bk
USRS TR B AR AR U W B B C,, F
T 3 W, A1) THESE 4 B A R 45 A
I3 IR 53 R AL

C,V,
= CE', V,E-\ - Co Vo (1>
X, P, ARMMK IR L, C N0 IR 5T i
JE(mg/mL) , V, NPOKHBIFNR) IEFEEAR, C, HTE
THAF AR ) B R (mg/mL) |,V AR AR AR

MESR IR 3, B3R 3 ATHL S P,
T 1.1554 ~2.7147 Z[6), —MikHN,1g PFEO0 ~3
ZI, YRR S E T R, -1<lg P<2
1, R BA RO T ALE YRR 259, )32 ixk 20 i
BRSO 5 ARSI AR R 2 T
lg PEITE 0 ~3 ZIA], 45 5 Te i b, H 3%
IR —E IR

P

R3 BIEENESHADEAENEL R (x£5D)
% X
FHEZEE  1.2065 1.7307 1.7803 1.5772 1.7196 2.0569 1.5260 1.8406
THB  1.2046 1.6335 1.7839 2.5556 1.4228 2.7147 2.0840 1.7771
FIXET B 1.6831 1.3233 1.3590 2.1537 1.6396 1.5787 1.8492 1.6861
JEEEE 1.4395 1.2573 1.5671 1.9087 1.6802 1.6477 1.7363 1.8938
WA 11554 1.5507 2.2726 1.4770 1.9001 2.0505 1.5866 1.8744

pH=2.0 pH=3.0 pH=4.0 pH=5.6 pH=6.8 pH=7.4 pH=8
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2.7 BT S AR 5 AR AT

2.7.1 AAPE BT T 1%

(1) I 3 fA AT 5% 3% (cosine ) : WAE X(X,,X,,
X)) YY) LY, Y, SR AN R R AR L E A TR
VR B AR Y 1 g #R A (2) TR [y
ZIE Y cosO [,

S,
i=1

Iyx [y
i=1 i=1

(2) BRAHE & R E WE X(X,,X,,X,) .
Y(Y,,Y,, Y, S35 AN E RIS A A [R5 550 v
HOPEBE A T 5, 350 30(3) 15 ARARAS [ i 53]
(19 1A V5 it BRI K S T R B AR I R B d

a= |3 -v) 3)

(3) MEEA LB RO AT AR B4 10 - 17
VAR AR K Sy B R B, W E(E, E,,—E,) N
AR TR LAY BV B B ) AT A E bR
= S, ¥ (4) A BB AR KW EilTT 6
K6, I S5l FUE GO.95(n) HeEE™ .

_E -E
s
(4) AL J Wb o WL 411
R4 MU BT R RO FI BT

(2)

cos =

(4)

e BORMARMIME R R R R
Cosine BHIMT  cos6>0.99 0.90<c0s0<0.99  cos0<0. 90
IR B 4 Hr d<10 10<d<100 d>100
Grubbs B #5#7 G,>60.95(n) G,<G0.95(n)

2.7.2 $EF AT VB A B AR o A
2.7 17 WUR TR KBy T A AT
By 177 A | 5 A - 4 7 A B2 cosine | BREUHE
B AKN Grubbs JEAT/ T, G5 R WF 5 R 6.K T,
M2 5 AT, fE AR R pH (A PP Rl T A
FHEE T AW 5 R 4 A 531 4 35 % 2 1Y) cosine
(EPIRT 0.9, W% 4 PSS 22 ) 3 A 1 1 28 1k
A IEAT R AR 5 T 1T 7 ki - 88 3 A7 BE 1Y) cosine [H
/NT0.9, FRBTH P Y 22 A a3 5 AR T AN
HARMIME, Hid 6 al0, PR | T &l W AT &
Wy T R D5 R 5 A I A Ve 1R ) IR

RN T 10, FRB4% o3 22 18] A0 7 A B2 1 o 4 2
FESRAARITE, HEe 7 T, Fh R B GR &  Hop
TR AE e R 43, He Grubbs K656 {8 24788 1 1fs S
1.672, BLHIPL Iy 5 T &l W AT By D7 IR
i 7 A ZE AN [6) A1 J5T 9 300 S A 198 Y8 ik 32 e o 2 31
K,

R5 HBFEELZMEUAS FEBBRER cosine H

D%y FHEB THEB WRTEB YRR HE

FHE B

THB  0.9943
HETHFN 0.9697 0.9570

FSREEE 0.9302  0.9395

&M 0.8527 0.8571

0.9542

0.8635 0.8545

=6 BIEEYES TEHBMENRKEB S
5y PRl THEE WIETHE OFERE HEN
P 1
THE  1.8806
FETHFR 2.5041 0.6402
FSRERE 2.4582  0.5920
T

0.1206

2.5828 0.7177 0.1537 0.2008

KT BTEAUAS FEBMBRE Grubbs I
pH I FHEBY THB WHETHH HFEE WEN Y s 6
K 0.9596 0.3132  0.1213  0.1339 0.1965 0.3449 0.3519 1.7467
2 0.8210 0.2074  0.1223
3 1.3684 0.4420  0.1329
4 1.6051 0.5620  0.1234
5.6 0.7664 0.2054  0.0772
6.8 0.7397 0.2531  0.1075
7.4 0.5737 0.2161  0.0806
8 0.5680 0.2266  0.0784

0.0844 0.0338 0.2538 0.3234 1.7541
0.1080 0.0694 0.4242 0.5483 1.7221
0.1658 0.1049 0.5122 0.6391 1.7099
0.1137 0.0471 0.2420 0.2992 1.7532
0.1337 0.0493 0.2567 0.2801 1.7249
0.1343 0.0602 0.2130 0.2105 1.7139
0.1535 0.0457 0.2144 0.2097 1.6863

1:60.95(5)=1.672,

2.7.3 T RARAS P, MR

2.7 17 TR TR R BBy T Ay W AT
N RS R - AAE ) PQWJEH cosine BRTUHEBS 241
F1 Grubbs #4750 87, 45 WK £ 9 £ 10, HE
8 FIH TEANIF] pH APy T Al H T
TRy |1 A Ak T AR P(W ) cosine [H¥I KT 0.9,
KUK P, Z BB S HA AR,
9 Al 5 A A RREEE B R B/ T 10, R
A I3 22 100 18 5 A P o ) ELAT ik AR A . o
10 W1, Grubbs 5 55 45 SR ¥ K8 i i FHE
1. 672, RIPEF A X 5 MR TEA R
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pH (HA T LG P, S FLAS — 5 AR L , 34

b Eh e B TR BE R NV R Y
R8 HEFSHRAN KRB Cosine HH7

% FHEcBy TG WETES OVERE HFW

PR
TH&HE  0.9766

HIETHE 0.9722 0.9728
pog il

T 7 Mk

0.9858 0.9758 0.9949

0.9940 0.9632 0.9587 0.9789

R9 BIERNAZMAKIEARBHRKXER ST

JRy PRy TG WETEE OVERE HEW

PHEz B
T 1.3428

HIETHB 1.1254 1.4381
J5
T 77 fiki

0.8061 1.4147
0.5699 1.5288

0.4788

1.4205 1.0413

£ 10 BIFEFHASMKSE RS Grubbs I8

pHE FHEB THE WETHB G HEN S G,

K 1.2065 1.2046  1.6831  1.4395 1.1554 1.3378 0.2224 1.5525
2 1.7307 1.6335  1.3233  1.2573 1.5507 1.4991 0.2023 1.1950
3 1.7803 1.7839  1.3509  1.5671 2.2726 1.7526 0.3396 1.5310
4 1.5772 2.5552  2.1537  1.9087 1.4770 1.9344 0.4392 1.4143
5.6 1.7196 1.4228  1.6396  1.6802 1.9001 1.6725 0.1714 1.4566
6.8 2.0569 2.7147  1.5787  1.6477 2.0505 2.0097 0.4521 1.5593
7.4 1.5260 2.0840  1.8492  1.7363 1.5866 1.7564 0.2227 1.4714
8 1.8406 1.7771  1.6861  1.8938 1.8744 1.8144 0.0843 1.5214

7£:60.95(5)=1.672,

(o

3 &Y

T2 R ot T 2 2 05 R B A A s P
M—RKEMLEW T . PHARH GBS E 5
275 25 h Z 4 BRSO TR 25 R o S L
FOBIE S RE S 4 b fif 7 24 v 25 W A e A RO AL B,
Unfnf A 25 R S B U A B PE B T 25
R R B A MR

AULRATE B Wy T AWy T A B DY
R T M A AR AR , P B i E el BN
By T A Wy O R T R M T, 75 pH
O 4 T RS- 7 95 ik RE R R B OF A AL A Y
P, YITE 0 ~3 Z ] B TE i W, B —E )

app

JEtE , H pH (ELAE S M HC P 9 i J3E 19 7K 73 e

FH, L Cosine 73745 H T 7 K A9 75 A% 1 1) A2
M5 HAR PUE A HARRUNE , i1 Grubbs K404
M PF B -5 AR DU TR AN [ S5 rp 2 B R 1) A
JEVE T 22 AR Ul A 28 S8 A R o0 ) B B T
A -5 A = B 8- 7 i L A A S A A L
P22 SR 5 AR 23 BT A4 1 45 B3 7K 2 S
R RS B —E BIAUE . AUESEE
4 7 AR R R BT R A — T ) SRR
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M A IR TRE A
(Y BMNE BRI B EH 5500092 wMTEZ RS B HIH 550025)

H E. BM.EAPLELSHATRE SHACEARERRY:, Fik: &60AK LR THERL 2 SFHL SN
A EHFRH T BGALAKRTEINFTRAITEAS AT, ER.FPEESETNET BHA, S BHLFESHRE
£, EBHMR1100~1500 m Z A BIARE RS, FEMAEASHEEN oA L, FAKEMNBRE, T2 EMM hiTh
ER.FR RoESHENY, B AREBIN T L ELHFARBRSI AT AR AKRKERFTALAR, AT EEEHFAR
AT FIBARY BA T IIEAE AR HARIE

KR PHEEL,NR, AL, AR

FESES Q9 SCRKARIRAD A XEHS:1003-6563 (2025 )01-0022-04

Survey of wild resources of Lysionotus pauciflorus
LU Xiang' ,SUN Qingwen’* ,WAN Xiaoxia' , YANG Ye’

(' Guizhou Food and Drug Inspection Institute , Guiyang 550004 , China ;* Guizhou University of Traditional Chinese
Medicine , Guiyang 550025 , China)

Abstract: To investigate the quantity,distribution and habitat of the wild resources of Lysionotus pauciflorus ,field
survey was carried out in Guizhou, Yunnan and Guangxi by line transect method combined with specimen and litera-
ture study. The results show that Lysionotus pauciflorus most densely distributes in southern Guizhou, southwestern
Guizhou and northwestern Guangxi. It occurs most frequently between 1100 m and 1500 m above sea level , mainly
epiphytes on limestone covered with moss, and often grows in damp environment. The main associated plants are
Lepisorus fortunei , Nephrolepis cordifolia , Lemmaphyllum drymoglossoides and other ferns. Through investigation and
study on the distribution and habitat of wild resources of Lysionotus pauciflorus ,this study provides reference for the
rational utilization , resource protection and artificial cultivation of wild resources of Lysionotus pauciflorus.

Keywords: Lysionotus pauciflorus ,resource ,survey , habitat
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Hrvs f BE RN K 43 B R B BESE [T ], R 25 24 75,2013, ELTE . EF A RFE 4 X 5497 H (81860705 ) ; F K i 24

38(12) :1860—1864. TREBARWFHLRET ST, %5 BRHE T 51 3 (2023 ) 006 ; 5t M
(16 FIHAL B LULBIL AT 145 e e PP B 5 TCRREG () B MU L TR, L
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R T[], hEEzh 2018,49(11) :2489-2495. RLLEIE
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A E & Lysionotus pauciflorus Maxim. X 44
UL AM2, i E & FF Gesneriaceae HAE S B
Lysionotus 16, ¥ A/NERBRER, 5346 T = 0
AR TV AR AR BT WL VLR B
AN i IR | AN AL IN DTN A 3
AT TR M A M XY A B R T K 300

~2000 m""', #2020 RR(HPEZ5) 08, A E
HHAMWHK % B HEERR, FTIRT R
Z SRS, RIENE H TR R
R EER KA O P RE  BRIT ) KR
SPORD . MAEBE RS ENR, HFH B KL
B 28 S RN A o0 AR 2 B2 5
R, A EE A TSR iR ST e
e BEILIRSE 25 RBE T

B SR BIF e i 3756 U & B, B RT3 |
AEE M EEORIR TR ARV, i T H R AT
R, i PR SR BORBOR | S BUHL R A BT B, (W)
B E S 2 AR TR A A A b R
KA 2 P B ALY INE , X PR ™ H IR
BT AN FEE A B A TR A X A B O A
0L IR R 2515 DU 11, o BE 4y
TR B A0 3 B A R e N TR A S5 i

1 AERNEFERZE

1.1 AZAZR

XS SN R ST PR FR X
FR) S TR ST b A5 DX A 1 B AN R R AT
A, 1A A R IR AT BT IR 0 A KA 1
DU, A5 25 i DX A B R AN ()T A 00 A U o
AR5 LR R R L R 5 24 >0 18R

1.2 AxFH*

1.2.1 PRI

i SCHR SR AS A B, 1 i A0 1 B IR A A
DXL K oA A 85 il 7 RE LR A B2k, AR IRBELR
FEA 6 7% OERX -FKE-KE g7 2K
B IX KL s @2 ST 24l -2 e B~ B
PR AP Rl B -Zp B - = O E
X -BUKE =B B IRl B - B - AR -7k
BB B2 g B @24 ST =% B - -

ME-E TR R R B - B - T BB
Fredb A B -3l my - vy s E - RS - 0GB
M HE-pi R -Z A @ HT -B R -1
B4 X - YR B - XWX B 22 PH E -1 e BT
A-BEHE AP B - B - = -8 B -1l
., MAEXEES 3 N 50 E 150 RS,
IR A IC SR A BB A AR TR
B AT E R AR
1.2.2 EViH#

XF A & oA XA TR U A, NS
4G A B AE RO SRS AR AL R R 2
R,

2 HBR5HH

2.1 PFHBEBEIEZNAR

M6 LA LEARE , A B AT
N NI O L L | A R R B A P o
W AR, EEAAE ST BUKE KR BT
B B 2 g B O R B A B
Bl B gnie B AR SR B s
mAT S bR A B B AR A R
A1 B8 AT, AR XA 23 A1, {EL 73 A7 i i, 9%

WAL
2.2 FRRBEBETHLES A IER

XTI Y 101 ASAF o M 3R B 0 A T 46 3 2%
LA 100 m A — RS EE A TR 5, TAZE RN 1
N, A EE E B4 EAE 300 ~ 1900 m, Hp
1000 ~ 1100 m &[4 oA B & i i 2, B Bk
BHHET 800 m BT 1500 m B, ff A7 5 & 0 A £
(T U
*1 FRBEBAESHRATSHINNE

4R/ m W S
300 ~400 1 ik
400 ~ 500 1 {[iS
500 ~ 600 1 ik
600 ~ 700 2 (IS
700 ~ 800 2 {(iS
800 ~900 7 ol
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gkl
14K /m W E 4
900 ~ 1000 9 h
1000 ~ 1100 23 [
1100 ~ 1200 10 =
1200 ~ 1300 13 &
1300 ~ 1400 14 &
1400 ~ 1500 9 h
1500 ~ 1600 4 ik
1600 ~ 1700 1 ik
1700 ~ 1800 3 ik
1800 ~ 1900 1 fik

2.3 A4St A Y

A0 A AT s B EUR b AR R
AR E AR YR A1) 101 MRS A 97 R
RAEAA L4 AR TR L A s s R RIS A
A Fert AR B 4 Yk, AT BE 24 Ik, K
G B 63 U, B ARG B 3 U, I 2 Yk, A
B Z 10 W/ NEB BB 2 W mAERER
PRI i A 2 AR KA/ NER I B AR RO
BER R A 63 AR T B, 36 KSR T
Az EIRZE Y A 90 AR SR T AR A 11 A RE R
JBTRA . PRI 1 s AR TR AR 2
FEANTE B, BB FMAY Celtis sinensis Pers.
Liquidambar formosana Hance 55 HE Betula luminif-
era H. Winkl. 25 @M T2 K, B Pinus massoniana
Lamb. SEEF AR UL PEAFEAR R R 2 2 2%, &2
A KB Pyracantha fortuneana ( Maxim. ) Li, # &
J#§ Hedera nepalensis var. Sinensis( Tobl. ) Rehd. , 5 J[€
JE Tetrastigma obtectum ( Wall. ) Planch. , ) AR
Periploca forrestii Schltr. , ¥ =E B W Bauhinia glau-
ca (Wall. Ex Benth. ) Benth. %5 ; £ 4 B A 2 % 5k
HohFE, FEH A E Lemmaphyllum  drymoglos-
soides ( Baker ) Ching ., YI. F§ /2 Bk Neolepisorus fortune
(T. Moore ) Li Wang, H & f1 35 Pyrrosia tonkinensis
(Gies. ) Ching ,'§ R Nephrolepis cordifolia ( Linnaeus)
C. Presl YI.F§ &4 Selaginella moellendorffii Hieron. ,
Witk Drynaria roosii Nakaike , 2~ H-2& Chirita eburnea
Hance %5

fikse

#Fr R R REFEXE PEREMPEES

2 Egg @ e X DTE OB XEDNDE

BoH RO e + K P ' B EE
= + H e 5
55

Bl mAEEHEEMmHE

2.4 AFiAL

X A SR T E VTR A TR
AEEERH SN T RBIRZ PR H LR A
LS, REMEHART 2 8 5 H TR 2 <
ER AT, S AL T DXL kb 24 fd
H, S R AR a3 b X AT A S B S T X 4%
M DX PR V5 A B, 4% 3 X BT U4 52 3 — 7 HY
BERCIR , UGN S 3 X 0 SR 70 i X e = R 3C 1
25l DX BRI IR e o W Y

3 RE5ITR

3.1 mEEBHFAETR

AU BRI A IR FE M 2 | s AR
T PE VG LS A TR R S AR bl S5 b DX M LR 2
AL, TASE SRR, TR E =4 S A
TR AR I A E BB R, MAES
Bl BAE K TR 1000 ~ 1500 m (AR Z: B A A
boEARKEESEEYES, Z TR SRR,
VIS IRRY], A s B TER B K, 5k
HIFDU I A B TR TAEZIAE
%, N INEE A B E N TS R I RESY 8% T 3711
7,

3.2 HAFTRFLERVGRE

P BT 9 I8 DAL A2 224 R B2 T
i A B AR TR A WA B B RSP SR R
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OIAT A B SR D YR A B IR A
B AR AR ST R A DX A0 B B
e, AR S IAEE — FUBER M AR A
AT E BT Z AR A0/, B AN & AR AR, Hod
L/NES W IREEE I S B2 HERAMR A
FELI MBS N IR , NN R
PN S BN 2 Y R | NI By R Sl S Ya 5 2
SRR, T A NH S ARE R T JE AR R LA
AL 2568 0 JEURHIR) OS2 BOR 2 | AN A s 22
FEefehE SR A B, H2yh £k
DT R RAZ N Z R R T, % i A o B A
BRI I — AP RIR , 5 B0 A 1 B AR IR IR
Wb,

3.3 KRR

WE TR S TR A AL T R LU
5 pH L e 5 A B R 3R S B0n R AN
A B BAT R B S B A e s P i B S Al
RREE YR Z R T AN PR/
A — HLZ BN, Wh SR 51 A v FN W0 b 2 R PR
IR L, PRI 0 A B B AR B, XS
W SR AR AR DR R A, R UE /N A S
PR STRENE o AR v 0T i B R R R O G
WA AR M TR, A SRR AR 25
BrAERAHLH] — HESL  BONERSE , AR O A 2
BB 22, (5 A SRR E TR, AT E N R 2,
AR TR KA . N TR ZHET A v Y
HOE U TR S R GG IR A RER 4 il
O e g 20 A SR A DX T DA A A
E AR AR S A b AT RE 1) 51, AN A
BEAL AN, L T A s A1 B B DR A
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BFlo %F22 BF 12 BF19EFELEAREFZF, A FPHEF I8 EF 14 B-F 12 &F 16 BF22 5% FE2HK
Fe AR MK S 7 B R ILEBST , H R R T 18 e S A %) 578. 68 ke/w, bk CKI (£ 8 5) 3 /5 1.57% ,5L CK2( %&£ 9
) 19.69% FTAZE BN T —F 45 £ XA 5 5K 8, b TH-F 13653 RIK, 544 10 A4 34 CKL . CK2 48
£ F R, B ZSHAREAIAE, B @ sta ik,

KER: ZRER, FEHR KRR ERRET

FESHESS513 M ERERIZAD . B X E4R S :1003-6563 (2025 )01-0026-05

Adaptability test of 11 corn hybrids in central Guizhou by Longping High—Tech
Agriculture

LI Ting

( Guiding Planting Industry Development Center , Guiding 551300, China)

Abstract; The experiment is a “green passage” test for corn from Longping High—Tech Agriculture. The experi-
ment was completely randomized designed, and the 11 corn hybrids provided by Longping High—Tech Agriculture
were planted in the spring of 2017 at Tianlong Corn Breeding Base in Pingba District, Guizhou Province. Through
the investigation of the yield and the biological traits of the 11 corn hybrids, the comprehensive performance of
yield,yield traits, plant traits and resistance were analyzed to determine the adaptability of the 11 corn hybrids in
central Guizhou. The test results show that the 11 corn hybrids have good lodging resistance and disease resistance.
Longping 18, Longping 15, Longping 20, Longping 14, Longping 21, Longping 17, Longping 16, Longping 22, Long-
pingl2 ,and Longpingl9 show no significant difference in yield. Longping 18, Longping 14, Longping 12, Longping
16,and Longping 22 perform well in terms of yield, yield traits and plant traits. The yield of Longping 18 has
reached 578. 68 kg/mu,which is higher than that of CK1 ( Yudan 8 )by 1.57% and that of CK2 ( Quanyu 9) by
19.69% . Longping 18 is recommended to enter the next year’ s production test. The yield of Longping 13 is the low-
est,significantly different from the other 10 hybrids, CK1 and CK2,and the yield traits are not good,so it is recom-
mended that the variety be eliminated.

Keywords: corn hybrids,yield traits, plant traits,, adaptability test
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BIATER 8 45 (CK1) \ZEE 9 5 (CK2) . iKE Ak}
(2 5 MIZR PP R UL 1,
F 1 HBEHBHRESMEZTHER
%o AT R
FE~F- 12
BEF- 13
B 14
KT 15
¥ 16
G717
V18
%719
BT 20
T 21
BT 22
CKI1 (¥ 8 %5)
CK2(ZEE95)

O 0 N N W R W N =

—_ = = =
W N = O

1.2 W Kt

RIS R 5 2REYLIX 41511, % 3 A~ EE B4
ZA R A 5 AT, PRI AR AT 2 47, ORI Sk )
3471, 47K 5 m AT 70 em, 7XHEA 50 em , AL
PREATE , %8 0 3811 #R/ 1T, T 2017 SFHEAERMA
SEHILIX K T K b 0 £ 1 i) 28 2 3 6, VAR
1250 m,  FH [E)GE B R > b K FH A 72 K2R T
5 TR 15 A LA it — 2, TR HURNTR A

1.3 AZILHRB Aok

13,1 HERPEIR I A
#2 wEHRERASHRESNER *
Heik W 7 vk
gy CECTURMIIE R U0 ER 10 B, W 5640 22 5 HERR TS 09

Ll em TR,
FEAZ R AR e 20 RS A R DL em FOR,

o TR, HOBRIEHIE K T 45 BEALRTI 0 HE bk 52
g TR/ B T AR

e TRV SRR T AT b M0 b
g BT 4%

1.3.2  MHIEEEREA
2 HRC K HH [B) 9 L3 S 00 5 e v 2 5 T
TR ENICE %, R FERENNES
SR HILEE 3,
%3 RRTEAETHNFEEESHBESRE

i E AR FEAR A SR PibEPENY
RFET S 4 nF 85 & LUF i 8 HR
FREHI g pms 3 w48 3 0 ol . )
KR
A b G BE A AR R A R
ot F A SRR BT, B S 1 HR
Tk, MEBRLTEHET 5% ;
INBER FNREM - BT D RR B,
HH R 6% ~10% , A7 3 R
T A R BT
ERRERI AR 1/ 4,255 | HR
1~ 2 R, R
EHRERTR 1/4~ 172,
oK HFB 1 ~ 2 FTEAKRARMEE, 2 R
TR
EHRERM A 1/ 2~ 3/ 4,28
HI1~ 2 W LK, SRR 3 R
ARk T
R IR D R, | R
) FRBE L A T T 5% 5
TR IR )
R LA EREE, &k mE AR 3 R
6% ~10% ;
R L JG R B B A A TG X HR
s, MERITECEE RO
IS g e tw
BT 25%

HEHR: w0 R,
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1.3.3 PR A
F4 FERERBAZHHESNESE

TER L2 5 i — AT T 22000 o
RS FRRXMHPTEBER

PR W Tk

A a3 AT SRR R RO
BRI AR SREH 3 TOU A0 K SROF- 548, L em 73
FAE L AR RIHE R — A7, 0 R A b 3 B SR,
LA em TR,
FoRK MR R EE SRR EE SRHAFIIE, L em F95,
FATEC SRR TEL, SR 1E
TTRig AARE—ATh AR ENREL, SR EPH(E,
A/ XN IGR I rhE] 3 47 RARMET BT, BOP %
kg J AL,
SORIEE A 3 AT AR  BRIFPRL T, LU kg M ERA,
BEHLEL 100 RAFRLFR B, 5 BORE 3 Y, ORI A~ 5y
SEXIHL, DL g AL,

o

TR EE

TR

1.4 RFERMWF &

RIS BE K FH Excel2010 5815830, XF 2K 4%
AR s A AR AT T 22 08T . TR
RN WS

AN P = (BB T ROA TR EORL R ) /
100x1000

PramT= = UNRE /DX E) X667

HURFR = FpR T F/ R B Xx100%

A R 5 =T =5/ PR =

B 2 = ’W” WA G

Tl BRI REASE 57,y SRR o B AE, n 2RSSR

2 BR5HH

2.1 RFZ ARG =2 547

5 LA, CKL IF& el 569. 74
ke/ T, CK2 IPT& 17 M 483. 47 kg/Hi, 11 I E
KZuag fp AT B 18 X IR CK1 3677 1. 57%
Pramr=Hh 578. 68 keg/Hi, HAY 10 AR AR EL
XTRE CK1 8™, B 13 9835 3 32. 58% , Y16 B
FEETF 400 kg/Hi, H5 X IR CK2 M LA 10 4
FACFPIE 7 | 7 R/ IMRIR BT 18 BT 15 BT
20 FEF 14 BEY-21 BEY- 17 BET- 16 FET-22 BT
12, B 19, H A B 18 Xt 8 cK2 3=
19.69% Y= 2%, NEUESIK A3 2 )& BAF

JAEFh AN kg Pram™ o It CK1 [ CK2
IR/
s 1 01 0 T ke D HOR% RHOH/%

FET- 18 12.66 12.20 11.58 12.15 578.68 1 1.57  19.69
CKI  11.86 10.59 13.42 11.96 569.74 2

FEF15 12.40 11.56 10.71 11.56 550.59 3 -3.36 13.88
FEF20 12.52 8.38 13.18 11.36 541.31 4  -4.99 11.96
B 14 12.35 11.21 10.47 11.34 540.49 5 -5.13 11.79
BEF21 10.79 10.95 11.94 11.23 534.92 6 -6.11 10.64
FEF-17 11.75 9.81 12.03 11.20 533.44 7 -6.37 10.34
FET-16 10.59 12.32 10.66 11.19 533.25 8  -6.40 10.30
%22 11.17 10.34 11.39 10.96 522.29 9 -8.33 8.03
P12 10.74 11.44 9.50 10.56 503.10 10 -11.70 4.06
BEF19 8.27 10.98 11.80 10.35 493.10 11 -13.45 1.99
CK2 10.34 9.85 10.25 10.15 483.47 12

PEF-13 8.75 7.53 7.91 8.06 384.11 13 -32.58 -20.55

i 6 1Y T 22T A F ] A
FEXALE] FAH/NT Fy o, BUEE XA MR A 3% 2
S50 11 D IRAEFPZ I F AR T Fy o, BT
Fo o , FAEZR SRR ] 7 iR AT A 35 22 50 DRI, 11 A
A ST i) 7 F R B 7 1k — 2D 2 LU AT

xo TFERMFESIR

SR AMEDF EFISS BT MS F  Fos  Fo

[X 21 1] 2 2.8 1.4 0.97 3.4 5.61
it i ] 12 38.48 3.21 2.23 2.18 3.03 =
W% 24 34.51 1.43

BARS 38 75.8

FIFHT EM 215 (SSR ) 58 3% 7, BIESIk
Z 5 b 556 B AP CK1 5 CK2 25 R g 8k

KT AIMEHTENEZEREEZMN

Pa— RS SIES 5N

/kg 5% 1%

%18 12.15 a A
CK1 11.96 ab A
[ 15 11.56 ab A
[ 20 11.36 ab A
B 14 11.34 ab A
- 21 11.23 ab A
%717 11.20 ab A
B 16 11.19 ab A
B 22 10.96 ab A
B 12 10.56 ab A
B 19 10.35 ab A
CK2 10.15 ab A
B 13 8.06 b A
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ZERFH] B 13 5 CK1 L, CK2 FIHAY 10 N4
FpLE a2 S MRET 18 BT 15 P
20 B 14 B 21 B 17 B 16 - 22 B
12 B 19 2R EERARE, FHIHEGA " 5K
0T, 3X 10 DA R BT

2.2 AR ARE 5 E KR

2 8 (17 i MR SR B T 0 R A B 2 X
B8 CK1,°4 19. 44 cm; HRJEFEF 14, 4K 4 19. 07
em; 88 = )& CK2, BEK H 18.79 em; fie 1 J& B F
21,48 16.70 cm, FEHITE4. 62 ~5.48 cm Z[H],
FEF- 21 BT 16 B 13 BE°F 14 AR T X0 1]
CK1,FEF-22 BV 18 BEF 19 B 17 niEM = T
IR CK2, FRISKAE 0 ~0.55 em Z 6], 11 P4RAS
FhEYFE IS K AR T % IR CK1 A1 CK2, HoiP B 16
FIEEF 18 TFRARK

F8 FERZTMOEBHRAETR

Zachh B BAE -_— B B BATHC TTRE RARK ERE LR
pA kg /kg - /em  /em  /fT /R /em /g /%

BeT-12 12.02 10.19 46 18.19 5.25 15.33 41.13 0.38 36.19 84.75
BT 13 10.61 8.77 47 16.88 4.80 14.93 35.40 0.38 32.53 82.65
BT 14 13.35 11.35 53 19.07 4.90 15.40 37.20 0.37 37.58 85.06
BT 15 13.47 10.47 53 17.26 5.16 16.13 38.97 0.23 34.50 77.68
B 16 13.49 11.20 59 17.84 4.74 15.93 36.87 0.00 32.21 83.00
M- 17 13.05 10.65 51 16.82 5.48 17.80 35.70 0.31 34.53 81.66
718 13.96 12.04 56 16.98 5.38 16.20 39.53 0.00 34.06 86.25
BeF-19 14.64 11.37 54 16.71 5.43 15.27 30.97 0.47 40.59 77.69
BEF20 11.91 10.37 57 17.29 5.18 21.40 36.77 0.20 25.00 87.07
BEF21 12.48 10.54 65 16.70 4.62 14.73 36.63 0.34 32.07 84.46
BeF22 13.11 10.99 50 17.82 5.35 16.33 33.33 0.40 40.03 83.83
CKI 12.55 10.67 58 19.44 4.97 15.20 41.27 0.48 33.22 85.02
CK2 11.83 10.06 45 18.79 5.28 16.33 41.00 0.55 33.89 85.06

TERATHCR I |, B 21 FRESF 13 K T %) 1
CK1, [ 21 R T B /D, o 14.73 475 &1 17
FIFESF 20 AYREAT B0 T %I CK2, Hop B SF 20 1Y
HEATHURZ , 0 21. 40 17, 5 HAD 10 > Z4 28 FhoAH 2
BRI . ATRIBULE 30.97 ~41.27 Kz [E], B 19
TR /D, R 30. 97 K TR R 2 ) /& CK1,
HUGERET- 12,

FORI B AE 25. 00 ~40. 59 g Z [a], kL 8 /MY
SR 20,24 25. 00 g, BEF- 22 FIRET 19 B H RLE
T 40. 00 g, LAy 8 N2 AC R 5 X HE CK1 Fil CK2
MZEARK, HHFRIE 77.68% ~87.07% 2 [A], 5%t
I8 CK1 Al CK2 AHZE AN &, H - 14 5 XTI CK2

(0 HFF 2R AR ], 78R 85. 06% . HHFF 6 05 i 1Y) A2 e
20, F AR R 15,

2.3 RRBELRARE 2K T E0H

Xt 13 AR A5 P IR T T 2200 #r
FHEIINE 9 Fron iy FAESIZR, Al M AE X 4 2 (6], B
R TR R R A B35 22 5 e AT R AR
RILE FERT Fop,/NT Fo o, WA T B3
KKV AP R FZESE . TEARSSRRE], R AT R AT
KL AR AR B S B e

R9 AREHEZMHHFEEKRNTES T

SR AME DF ML EATEC feRidk ERE
[X 2 ] 2 1.30 0.03 4.49 0.28
fn ] 12 15.66 31.14  9.98 12.67
TR 24

ﬁz:[ZgﬁrEH:Fu.o:s:&“vFu o =5.61 Uﬁjﬁrﬂ:[’u.txszz 18,F, 4 =3.03,

2.4 R[22 AR e AL AR R R

WMERE 10 v KB, 11 S 2% 58 B ) #k v
MAmA RN 2ES, BT 13 B 21 B 20,
- 19 Bk HEXT B CK1 T CK2 1% B 22 Fiifs
16 BRREA T CKL 5 CK2 Z [A] ;1] Hofth 2R 2%
TR CK2 &, Ho B 18 FIRE - 12 [0k R 38
&L AEAE] T 303. 60 em F1307.90 em, {EREA
T BT 18 myRERA S AR B, 28 139. 50 em; B
13 BT 14 BT 22 (FEA S HE X IR CK2 AT CK1L
AR, BAR 2P 13 ,{0A 99. 23 em; /- F CK1 Al
CK2 Z B[4 28 Fh A B2 20 B 15 B F 12,5
XTHR CK1 I CK2 AHZEA K,

F10 AERZHEEKERIASER
the B ML R T

AERMERE o Jem FMC BEOEE BEREEGK
%12 307.90 117.20  0.38 3.29 2
%13 250.20 99.23  0.40 11.00 8
B 14 285.53 103.13  0.36 12.25 9
B 15 274.17 115.87  0.42 15.00 12
%16 269.77 121.60  0.45 5.69 3
G- 17 279.37 122.63  0.44 16.54 13
%18 303.60 139.50 0.46 14.03 11
B 19 267.93 126.57 0.47 9.13 7
FEF-20  261.23 111.27  0.43 12.67 10
FEF21  258.13 123.73  0.48 8.14 4
22 268.40 104.63 0.39 9.10 6

CK1 268.10 118.93 0.44 2.61 1
CK2 270.20 109.90 0.41 8.88 5
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SEMIRZ , FEA R BUEAR M 2238, T AAIG A AR
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SEFP RN —BOPELE 11 DS 853

2.5 KB AFe U AL
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J7 AT, CK1 SF KRB0 1 HTPE A PR, XS0k /I
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11 FRZZMOTEMSHRERAEER
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L /% /%
BEF12 0 0 0.7 1 1 1 1 1
BF13 0 0 0.7 1 1 1 1 1
BF14 0 0 0.7 1 1 1 1 1
BEF15 0 0 2.3 1 1 1 1 1
BEF16 0 0 1.3 1 1 1.7 1 1
BEF17 0 0 1 1 1 1 1 1
EF18 0 0 0.7 1 1 1 1 1
EF19 0 0 2.3 1 1 1 1 1
BEF20 0 0 1 1 1.7 1 1 1
BEF21 0 0 1.7 1 1 1 1 1
%F22 0 0 1.7 1 1 1 1 1

CK1 0 0 0.3 3 1 1 1 1

CK2 0 0 0.7 1 1 1 1 1

3 BE

1) 08T 11 A E RS R 5% IR CK1 ,CK2 AR
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ST 2% 2 B B gy T IR s e B IR A 2 &
EE S SHREIRYY KOA MfEHIHLE] -

G SN AR LIS S O S
("SRR EZ R, BN SR 5500257 St AR 2RSS IR BE B KUR e BL BN StRH 550025 ° SN AR EEZY
KN AA B2 PO — 3 g hoss 5000 SRBH 550025 )

H E. BM.AadHME AY-Roy-FR-3e LA LR NS KT AR ETESSTHRAE AT X (keen osteoar-
thritis, KOA) #94E A ALH] , 773k 833 Herb $048 B & ok iR xT 2 LA b5 & A s 69 (L &M 84T §F ik, 4 & /£ PubChem £ 3%
Je b T HAS YO 5T LMK, e e 15N SwissTargetPrediction 2 ¥ & 13 2] /L& 4 3t i ¥e. & | £ GeneCards, OMIM #( 4% & 43
B RmA 3ok R AEXAEB KA Venny2. 1.0 132254 5 KOA # X £ 6.5 ;35 A Cytoscape3. 10. 0 2 AR 2 54— s o —
RIE¥e 87 W& B ;A A String -F & F= Cytoscape3. 10. 0 & 44+-1F & & 55 % & 48 Z4F J (protein—protein interaction, PPT) M 4 [ ;
JE DAVID ##5 e 3t 2 I ¥e 5.3 47 GO #= KEGG 5 &£ 447 ; G5 A CB-DOCK2 3t £ & 4 fo X e St 75 F 248, SR,
3R 3ok 562 A, KOA Fe b 1244 A AR B ¥e 5 126 A o) £ 28 40 A TibBR | T b B2 W 85 .1 228 brachy ste-
midines A ;%4235 5% [L-6.STAT3 . CTNNB1 . AKT1 MMP9 ; KEGG & & 547 — 4% 5| 157 £1@5% 5 KOA A £ #9852 M R
Fosh Bk AR AR AL AGE-RACE 13 5 il %% B R, Tt ffl, T 2R Fath Xitde b 46 HAHRIFO LS8 A, &
AR A A B HE ST R B T T LKA e L ANt KOA #9 % Yok %l 3558 5T HU4) , 4 KOA W kG973 AE T 2 L aly
KHER: MERY R, LM, LR A RARKE, 2T

FESFES . R593  XEEFRIEFG:A XE4RS:1003-6563(2025)01-0031-07

Action mechanism of Cibotium barometz and Zaocys dhumnades in the treatment
of KOA based on network pharmacology and molecular docking "

ZHANG Cui', YU Yang' , YAO Xueming’ , HUANG Cong' ,LUO Jinfang'**

(" Guizhou University of Traditional Chinese Medicine , Guiyang 550002 , China ;” Department of Rheumatism and Im-
munology ,the Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine , Guiyang 550001 , Chi-
na;’ Guizhou Genuine Herbs Utility Consistency Research Center ,Guizhou University of Traditional Chinese Medicine ,
Guiyang 550025 ,China)

Abstract; By constructing the drug—component—disease —target interaction network ,the action mechanism of Ci-
botium barometz and Zaocys dhumnades in the treatment of knee osteoarthritis( KOA ) was discussed. The compounds
of Cibotium barometz and Zaocys dhumnades were screened out from Herb database and literature reports. The mo-
lecular structures of the compounds were downloaded from PubChem database ,and were imported into SwissTarget-
Prediction database to obtain the corresponding targets of the compounds. The disease-related targets were obtained
in GeneCards and OMIM databases. The intersection targets of drug and KOA were obtained by using software Ven-
ny2. 1. 0. Cytoscape3. 10. 0 software was used to establish the drug—component—intersection target network. String
platform and Cytoscape 3. 10. 0 software were used to construct the protein—protein interaction ( PPI) network. GO

and KEGG enrichment analysis was performed on the interactive targets in DAVID database. Finally , CB-DOCK2
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was used to perform molecular docking of the main components and key targets. A total of 562 drug targets, 1244

KOA targets and 126 interactive targets were obtained. The main components of the drug were linoleic acid, linoleic
acid methyl ester,kaempferol and brachy stemidines A. The key targets were IL—-6,STAT3, CTNNB1, AKT1 and
MMP9. A total of 157 pathways were obtained by KEGG enrichment analysis. The pathways related to KOA were

lipid and atherosclerosis, AGE-RAGE signaling pathway, and cancer pathway. Molecular docking showed that the

main components could bind to the key targets and had good binding ability. This study reveals the multi—target and

multi—-pathway treatment mechanism of Cibotium barometz and Zaocys dhumnades on KOA by using network phar-

macology method ,which provides a theoretical basis for the clinical treatment of KOA.

Keywords

JE AT T & (KOA) 2 DL 615 BB A8
FRIERIEPEIRT TR B G PR . 1R 2 W TP 2 4E
N, B BmALEZ T 57, KOA LUgCT
I IREAN AR A T E S A O AR IR, T &
% , AU B A 15 72 A AR KA 38 2300 H:
FRMNTAL 21t AR KA 235 5 41 ARk b
FEA O ZWB AT T By 52 i, H AR BWAE B A I
Ft. BT, KOA BYIG 97 LAV 2528 3, K 4 1
NSAIDs Kb Bz B 3R Y8 i 0 iX S 2 W) e i 7 —
JERRBE BT B 7 IR O I SR AR . AR
it FH Ik SE 25 AT 23 % 5 M 18 266 s il i, 51 &
AN, 55 O R e 7, MO g 22
KOA J@ i Ba 2 SR Jumg

BB 2E (Jishe Qushi capsule) J&— i 2
BN, EHTIRIT KOA, iU &EME S5
TN 2, L2 A TARfE /INET KUl R, =
£ B L, AT M2 R 2 4
BIEAECHARA T Z) il I . HAE R R, bR
e BEAMNIE AR BRI R, FIR
RN W —bRrh 2y FEh BRI IR )z,
FAFGREIIAIT L A Y BRI
W RS, (ARG H) A ABEME AR A
HAE R BIC L, T O I IR | T i DR
FORTAET [RIEECAR TR B ) o) 280 . SRS e
W R, ALY < Kot HAE S A —
BRI AN, JE AR RS 2w e T i 4
T 245 & 0E S A ST KOA IUBLERIANEAE .
DRI, ASBIF 52 SR FH I 24 245 3 2 7 1k Xz i 2 Hh B9
AT T, DO ST KOA 150 FHLEE K 10
HOR , R i — 20 I DR B SR 5% B8 2 BE Al

1 #RBES5AEE

knee osteoarthritis , Cibotium barometz , Zaocys dhumnades ,Jishe Qushi Capsule ,molecular docking

1.1 578 ZOR 5 Bt o $e 5 el &

AW 5T 25 & HERB %05 % (http://herb. ac.
en/ ) KA e A S SCRRCAE 6 B 00 5 S A e Y 1L
FIOME S IR ZE AL N W 1 Ak 2 i o0
5. 7F PubChem %{ 4 £ ( https://pubchem. ncbi.
nlm. nih. gov) # FAG RS REI Y SMILES 5 B3R
5409 SMILES 5 % A SwissTargetPrediction %5 4} &
(http ;//www. swisstargetprediction. ch ) Tl ¥ , XF
— LA F] SMILES 5 [ i{ 53 7E SwissTargetPredic-
tion HCHHR A VP LR A B A0 9 4 SOR R AT HE A5 T
W, G SR RAT AL S5 R LT B >0 it
Friise  ReAs B R 25 A5 £ NI ARAT IS PR
JIE X IO 8 S B

1.2 BB AT A S IR EFo b
IT e, 5 0 R IR

L) “keen osteoarthritis” /E S} 55 1R8] 43 HIAE Gene-
Cards ( http://www. genecards. org/ ) {4 72 A1 OMIM
(https ://www. omim. org ) $Hi& % HEATRE 2, HE A
GeneCards 48 P AR BRI 1 25 SR DL Score>1 #EAT
i, 48 2 AN EEE PEAS B R 45 R R G 51 B A
£ OE SV SN L B BT RE2TE /R 3T R DO DIVE WY SESTIS
WA A A Venny2. 1.0, 1531 254 55 950 1 3t
E LY

1.3 “HM-mouo-REd S N eHE

FEL AL Y ST 5 B A S P A S 2y
WAFR, FALF] Cytoscape3. 10. 0 A4 v ke 7«
2y - o - S R W45, R Cyto-
scape3. 10. 0 A B9 4381 T H Analyze Network i1
T2 AT R UZ R A3 D S8, I 3 43 BT AR
TR 28 ZHORME N 25 W) 22453697 KOA 1 Ry AT
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RERLAT
1.4 & & ZAE(PP]) Mty

TE STRING ( https : //string —db. org) B
PEPEYI A “ Homosapiens™ | 45 24 1) FIBE I 1) 38 45 5k
BRIEAT PPL 2% 534, 1531 PPL 28 &, JF- S i S5 It
BRI ) 32 F Cytoscape3. 10. 0 ZRA4A5 S 18
HEHHAETAE,

1.5 haeg &

JERAS 1 A #E 5 5 A 2] DAVID (https ;//da-
vid. nciferf. gov) B e IE R e Wy R« Homosapi-
AT DI REE BRI R 0T, AR5
HH AR SRR I8 B S 05 5 2R T R B R S ]
A

1.6 o F 3434

75 PPL 25 3R ATTIE 4 1 B2 BCHEAE 1 Ty 2
M, il 375 m PDB B M (https : //www. resb. org/) T
AX SEHE A Y =GR SRS AR AF R DR SO
pdb A& LRAE TR, [FIF, N PubChem 4k 2 T 4%
BN G> T 1 = AE S5 EE , JF DL sdf 48 AR AF
TE CB-DOCK2 ¥ 5 ( https://cadd. labshare. cn/ch—
dock2/php/index. php ) i i F A T SE T 2k 19 /N
L FE T 0%, Fetid fe b, FeATIEH Vi
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FE S ES.Q949 X ERARIRAD . A X E RS . 1003-6563 (2025)01-0038-03

A new occurrence of Calocedrus rupestris in Guizhou, China
HU Yuanhua, LI Congrui* ,YANG Zhuocheng

( Guizhou Academy of Foresty ,Guiyang 550005 ,China)

Abstract .

Calocedrus macrolepis. It also occurs in Guangxi and Guizhou, China. It is listed as a wild plant under special state

Calocedrus rupestris is a new species firstly found in Vietnam in 2004, and morphologically similar to

protection ( category I1)in China in 2021. Here,a new occurrence of Calocedrus rupestris is reported , viz. Tangbian
Town , Pingtang County , Guizhou , China. The distribution characteristics and conservation value of Calocedrus rupes-

tris are analyzed and conservation measures are proposed,providing a scientific basis for the preservation, develop-

ment, and utilization of Calocedrus rupestris.
Keywords .
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4.2 FRABRAZE RGEXR

HESLA A AR SR I, AR e AL
i oA LS, B RO RS R R SIS
ARAG AR, RE AT A FIPEAL | O AR AP B R A
%EUZ] o

4.3 #apARMEFAR
AR B E R LA SRy T, A TSI E

BORSEE ATHER B TT I FHE A 5 LEAR SR U5 M
PR AT IR 5 v R B0, BRI A B
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B OE., AmkE— AR TABAGITMNALZNE RIBEATMN SO L FEXFHBTHEr> S H—HEAH®,
B ad T BTG A A ITS B9 AT AT 558, #h 8 L o K30 fs , © WA L B kBRSSPl S A 2B, 2R B F, Bk
5 2 wh B (Aspergillus niger) A & BBV R B B B & % % GZUASOS1015, 3 Ao #) RpeBasE7E % 538.7 U - mL™' +36.4
U-mL" ,a— 8% 4 39.7 U - mL"' 2.9 U - mL™" B4 BBME 4 29.8 U- mL"'+3.8 U - mL™', I§ W5 88575 4 8.7
U-mL"'+0.499 U - mL™",

KEIE, ZwmE ALMAY, FHE, BT

FE 5 2KS 5828 SCRRARIZAD A XEHS:1003-6563 (2025)01-0041-05

Screening and identification of an indigenous Aspergillus niger strain from
Guizhou”

XIA Tingting' , YANG Shiyu'?,ZHANG Jing' , CAO Xiulan',QIU Xuesong' ,LAN Liwei', YAN Zhihong®*

(' Guizhou Yuhong Biotechnology Co. Lid. , Guiyang 550014 , China ;’ School of Animal Science , Guizhou University ,
Guiyang 550014 ,China)

Abstract .

tation beds,a strain was isolated from the moldy garlic cloves grown in Guizhou,and its taxonomic status was deter-

In order to screen out a strain of Aspergillus niger indigenous to Guizhou that can be applied to fermen-

mined by morphological characteristics and ITS sequencing. The zymogram of the strain was qualitatively studied,
and the relevant enzyme activities were determined. The results showed that the strain had high degree of homology
with A. niger and was identified as A. niger, named GZUAS951015. Its endoglucanase enzyme activity was 538.7
U-mL"'436.4 U+ mL™, a—amylase enzyme activity was 39.7 U - mL™'+2.9 U - mL™" | filter—paper enzyme ac-
tivity was 29.8 U - mL."'+3.8 U - mL™',and lipase enzyme activity was 8.7 U + mL™'+0.49 U - mL™".

Keywords: Aspergillus niger,indigenous microorganisms,screening of bacteria strain,zymogram
AR (R A R & R E R Y
0 3l B, I B, A0 TR, R A m TR Re 1

TR S T PR 37 B AT P 22 3 7 M X A T

btiE B PRal i A, oK R Y 2505
BORAO A EE G e iz — ) e [ 45 B
CRTIRAST U5 Y B 6 T % A 728 L) B A 4R 1
3 2025 4EFH IR AV A ZIL 80% , AL AL T2 5
YA R 5% ., A R R AR R A 25 T aE
YRR W A B A A TG s kL RS

IRFTIINE N K B R ERL , B RIS T i b e
A AT HILAE , LE SR AR ¢ (0 fil i ] Hp 2 b & e
FURH T A T PR A 0 T bR A A o 25 9T
VA SPRE B ZF A AT T Rl A AR 2Rl AR (Asper-
gillus niger) J& M2 & o —Fh iy W 22 AR, )2
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LNl NTRSRE o 3 S Ll NS s DS R R
W KSR AT A A 98 B FDA R UGIE LR il
BN EARTEM(GRAS) Z— . MR W Tl i A
Yy, 2 A s T A R R A R AR BE R R
Bk 16 FiEESE fE B HOR BER TR T+
FIVER . AR T oo N RRIR RO Hb AR PR S, ok
V5T H A 5 ] 45 b %) 3 258 PR o FHRSCR AN , BT 5%
R, 5AMERCE Y AR H AR 4 3o Wl g PR B
IR B R BRSO AL R R, Gk —
PRAS - Z Dy fig R Ml &0 T 50N & R B AR 1 & A
HHEREMNREXL,

1 KBEHMBETE

1.1 SEIEA#

111 A

FEACRIR T 50N A BT BHTT = X IrFiE 1) & 55
Krmril
1.1.2 B3R B

PDA WRARER IR . 10 (%) 200 g, #i%5H% 20
g, 7&K 1000 mL,pH H4K;

FLICHEFR AL R 30 ¢, AL 0.5 ¢, LKA
FREER 0. 1 g, EAKBIMREE0. 5 o, BEIRA 1 ¢,
TEERAN 2 g, TRH B4k 0. 05 g, BiiliE 18 g, 2518 /K 1000
mL;
VE R A P AR B 772 2 o - AT S PEVE KD 20 g,
FAEN 0.5 o, AHEREN 1 o, FEALEN 0. 5 o, B S — 40
0.5 g, BREE0. 5 ¢, BRI 0. 5 ¢, 3515 15 ¢, Z&1R
7K 1000 mL;

AR R P AR 3 77 4 . AL 0.5 ¢, LKA
PR 0.01 g, LKA BIREE 0.5 g, BilREL 2 o, W
MR AT 1 g, FLALMAE I 120 mL,0. 04% IR I ) 48
F57”55 10 mL, B5fR 20 g, Z&1H7K 1000 mL,pH=7. 0;

L1 A Z Bl PR AR IR R W AT 4R 2R A0 10
g, FE5 0.1 g, LAKABIREE 0.2 o, RFREL 2 g, B
MR H 2 o, B2 S8 0.5 ¢, 30l 18 g, Z&IBK
1000 mL,pH H4X;

2 2 2 2R il 1 A AR ORI 3 g, S
0.5 g, LAKATBREE0.2 o, FilREE 2 o, IR A
B 1 g, Bl 18 g, 7848 7K 1000 mL,pH 4% ;

TN -PDA R FRkk . QAN 0.4 mL, -5

(Z252)200 g, H %4 20 o, BifiE 18 g, ZEMW /K 1000
mL,pH [EEZS ;

AR -PDA iR, K5 0.1 g, B F (2
}2)200 g, Hi#iHE 20 ¢, BifE 18 g, ZZ{#/K 1000 mL,
pH HR;

FUALMINTIH 2% R IR EER W 75 mL,
i 25 mL;

WL ER 22 vh il i TEC ) - W 1R — LB 0. 68 ¢,0. 1
mol + L™ S A ALANTE 29. 1 mL, 7818 7K 100 mL;

MR LT et . ISR 2T 1 ¢, 2518 7K 100 mL,
1.1.3  SEE A

R KR, TR BKQ-B10011

HAEYEEFEAE | TR BIPX-B100;

WM TAES , £l BioBase BBS-SDC;

A AR, BRI By CX43

72 R EIEEET, BRI ATER 5

TEIRFEIR , 7R M HESE IS-RDV1 ;

FL AT R TR AT | SR BT R FF DGT-GT0S,

1.2 Sk

1.2.1 R EERFR

WK F B T 10 mL AR 3Rk b 7R R
#r FPR 10 min, il B0 & EOR, A% WHS B 100
pL A 422 A PDA WA R SR B rh 30 °C 160
r - min” FEIREEFE2 ~3 d,
1.2.2 R4k

BB FRUFIY PDA AR 2307 706 FE AR RS, i
BEASECH 107 107 107, FHRS MROAE W I 45 A6k FE 7
W 100 WL BIEICIGFR A PO A 040, & T340
130 CHiFRE3 ~4 do AR B A2 AR
WIRBIZ BT U™ 1R, BEL R, B2 IR 57
S pE VR JR DY B 070 (V8 0 PR VR G S, TR TR
T AR RS B T R4 30 C 8537 3
~4d, EEEE2 ~3 WK, HEAifkE e, K
B A AL B AR T5 30% H B4R b, A
4 CUKFEIRAFF
1.2.3 A

FHEEF IR P 4l Ak B bk 1) /D A 7 8 T4

TG BR T 22 A T RS RS BOP R E R &) A
CRRS R L) iR R A T %5 | T 7
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RN
1.2.4 WbR%E

W 07 1B B 10 B (DA B Mk 2% B 6 SR E R
BRZSEIHEAT DNA $2EUHIITS X504 14 #1520 Y
e 25 4E NCBI L A7 R 4T b, IF M R 4
1.2.5 DIRel e SL

Y 07 18 B 0 AR 20 3] SRR AE o —JE W T P B
FREE AR R T-HR T IR 5 2 2 28 il 1 1 (k4 5
BE PR B e R SR I AR -PDA B
FRHE KRS -PDA KR L BT 30 C AR
FigE2 ~3 d, WEE a-JE Rl e MR IR 5L R R4k
SR SR AR AR - PDA B FR I R W -PDA
FEFRELIR AT R A0 SN 5 £ 2 3R T P A G %
BE R o F M M [ AR B 3 5 P ) SR 21 e 0, Yk
410 min, 1 mol « L™ AL B Ik 5 A2 75
AEARE R RO R R ) A A R
A r(d) A8 GBI BB R(D) ,IFiE
o
1.2.6  BEEIE F

W& GZUAS951015 & T 30 C#E K
120 h 5, B0ak i, B VS M B AT - TE KD B
JOGE P T PR 70 R SRR IR 21 A TS U L o VE R
it it 0% PN D) D R R S | D K R DU T ik
DNS & vk 5 | B I it g 0% 00y v 4 U S Ak A
TR I

BRI 5 5L AR — R 2R B Bk S S A ik
1 pg (1 pmol N8R ) Fir 75 1 il 2 5 SRy —
ANETE 1B (U)

2 GHR55H

2.1 THRR IRk

Wi PDA JRAKE: FR R & R TR G IR PSR [ hs
FERHY WA SE R e — B, N
GZUAS951015,

2.2 RAKNER

itk GZUAS951015 7E PDA F5353E Y E 75
AR R FE LM FRIE SR 2, A

2 W LLFE Y, BiAk GZUAS951015 B % BT S %, N
B GEIR, BB A BOA , i R4S (248 (4 1
A A REEO BWOMF 4, EREET
P22 AN B BT AT o0 SRR R , 4326 A0 1) TOU A o P
R0 BRIR

(a) FIRPEERIEEICEEIRAE (b)) WA G L AR

B Jedk
E 1 EHERRBMENZRERENERER

(e) BT

(a) WEIEA (b) LR

B2 BEHRARES

XTI RE GZUAS951015 #E47T DNA $2IUFT ITS il
Fe . KBTS B AE NCBI RO B 122 it 47 % L, &
LB GZUAS951015 55 N8 (Aspergillus niger ) [F]
VaME R . FE5 NCBI £l 12 Hh DG e B 45 v 1) 7 41
HFT 2PN IR G L EW (B 3) . MK 3 1)
M BB GZUAS951015 5 R M 85 (Aspergillus niger)
FGR R G, A& T — 32, B nT L B bk
GZUAS951015 Ay & M8 (Aspergillus niger) .

0.000
"Aspergillus_niger DUCC5709 MT582749.1

0.000
-Aspergillus_awamori AAB3 ON054315.1

000 Aspergillus_niger CMXY30575 MG991673.1

0.000 |0-000
"Aspergillus_niger CMXY8028 MG991596.1

“Aspergillus_niger MBT63 0Q728803.1

0.000
Aspergillus_niger MEBP0004 MT597823.1

3 IRIEEME GZUAS951015 B ITS Il EMN L Bt
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2.3 ZWHENHAEKME

& 4 w50, BB EEAE 0 ~ 16 h WIE4E K518,
16 ~ 144 h X EAE K 144 h 5T iG8a T 5,
BRERREARK,

0.16 4

0.14 4

0.12 4

0.10

/g

i

HL

0.08

E

0.06
0.04 4

0.02

0.00 T T T T T
80 100 120 140 160 180

KSR /b

B4 FHBAEKHLZ

T T T
0 20 40 60

2.4 FeemE s R

o= TE Y il P ARG R BE T R e A iE WP
M &A% r 2 18. 83 mm+0. 22 mm, 7 B P (1)
R H25.19 mm+0.23 mm, HHE R/r J1.34+
0.03,

TR TRIAL T Al 5 77 5 1T ™ A B i AR
W EREE R d 5 35.27 mm1. 89 mm, ¥ @45
B EAR D M 55.03 mm=0. 21 mm, H A D/d
1 1.57+0.08,

LR YR E PR AR SR AR B B IR AR T B R
THTEFR r 0 15. 44 mm=0. 73 mm, i3 B P8 (12
2 R 728.88 mm=1.10 mm, H: [WIH R/r 1 51.87+
0.05,

LR Y R R B AR SR A A AR -PDA 15
FRIHETC A N, A % ~PDA R g b B T 7K
RS H W € A8 375 BT TRT i JRD 161 G Jd 2 S

ERLI M ES GZUAS951015 A 7% a—TEH)
fity GG LT 4 K0, NRRIEAR LA AR AATER

(b) IS e

(a) JERIEEME
45 45 45

(c) P4 ETE

5 IIRE¥EFIR

2.5 HEEAR B ELH

WE 6, F bR R e S 5 FE N v =0. 4041
+0. 0063 ,R*=0.999 , F5& U4 T, the T i

157 120.404440.0063

R=0.999

1.04

QD34omm

0.5

0.0 T T T 1
0 1 2 3 4
TERE (/1)

6 FIEVERRAE &

2.6 BEaEMNTLER

H & 7 AT, BB GZUASO51015 fl Py U4 3R
W f v, o 538.7 U » mL™' £36.4 U - mL™,
HVR IR o—VE #93 Til TG 14% 01 08 4K 8 it 0% , 091 A 39. 7
U-mL"+2.9 U - mL" f129.8 U - mL™" +3.8
U - mL™ AR 2 B D5 B 7%, o8 8.7 U - mL™'
0.49 U -mL™",

650
600 =

550 4 I
500 -

450 -
~ 400 4
£ 350
= 300
& 250 4
200
150 -
100

50

0 —_— - . z
B4R P2 TER i
P Rl

7 E#E GZUAS951015 4 FhEGESEIE RN

REFEED N GE i 57 0k 7 0 e i — kg AR
FAAINEE X1U4-1, 7E A il R WA, R 4 R G
PEIKEN 93.80 U - g, FH IR &R0 2 il 2 A 2
TR TRLF AE R AR MR &, B0 PN 10 i SR it 0% e
Hoo— PR A = 24. 4% BTG M 273.4 U - mL7'
IO EAE " A XH A 5 AR 1Y) 2 il B O e ad R o, 3R
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1 —BRIB G R e W 21 4E 2 W e 7 2 8 bk ZM -8,
NI R RGBT M 489.3 U - o' o ARG TR L/
Y R A A 538.7 U - mL7'

XUZS U DA I A9 T JES U 43— R T
2 Y R e Rt w, U AN TS 0. 75
U - mL™ B IS K T B4 A el o O 32k 1 —
PRI B, A8 = 200 0 A £ 2 R, o ug 4R 15 1R
15.26 U - mL™", SIS SE D i bk L B IR A &
I, P Ak & B 2% 14 I 0% 4K 6 I 1% = Gk 156. 262
U-mL™", A58 02l 5 GZUAS9S1015 J§
YIS} 29.8 U - mL™'

SPEPE Y S i B PZ301 W [ A K T
A, B IRBEG F124 19.6 TU - g7, Kahalaf 5" £
IL BB bR O103A fYEE FE 3 B4 | LI R I
MRS T o - VE R BTG P e, M 42 U - mL7'
AR - TERBFRGTEH 39.7 U - mL™,

i 457 A S5 TR A A 4 e O 2 R — Rk
AR E R C216 , HoAidl - B 2518 T A 105 B 7
KE 18.75 U - mL™' A5G g 5 Wi 0% 4y 8. 7
U-mL",

4 ZEig

AR M Tt A b PR v R A 1 R Hh 5 4
B — R RR, a4 8 GZUAS951015 , 38 i X H
AT ITS BTS04, LR R G0k B W i 2t o
& H R B B (Aspergillus niger ) . X Bl B
GZUAS951015 #47 o —VE K 1iF . i 7 I | 47 4k =X g
e 21 2 22 il R SR i 1 i S, A P V) A
BB IE M 538.7 U » mL™'#36.4 U - mL™' o~
Ky WERGTE 4 39.7 U - mL™'+2.9 U - mL™", B4R
HH29.8U - mL"'+3.8 U - mL™", I8 Wil i 1% Hy
8.7U -mL"'+0.49 U - mL™",
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Research on drug delivery system based on drug application position of oral ul-
cer:a case study on Jinhoujian Coating Agent "

SHAO Hancong' ,PAN Yaling' , YANG Yan',ZHANG Yanyan'*** XU Jian'*"

('School of Pharmacy , Guizhou University of Traditional Chinese Medicine , Guiyang 550025 , China ;> National Engi-
neering Research Center of Miao Medicine , Guiyang 550025 , China;’ Guizhou Engineering Research Center of Process-
ing and Preparation of Traditional Chinese Medicine , Guiyang 550025 , China)

Abstract: We studied the drug delivery system based on the drug application position of oral ulcer,and improved
the Jinhoujian Spray into a coating agent. With the comprehensive scores of trait evaluation, film—forming time , duc-
tility , flexibility ,and adhesion time as the indexes,the optimal process was determined by response surface method,
and the optimal prescription was verified and tested for stability. The optimal process for the coating agent was PVA
1788 17 g,glycerol 0.7 g,and ethanol concentration 65% . The prepared coating agent had good trait and ductility,
short film—forming time,and long adhesion time. The coating agent developed in this study was reasonable in pre-
scription design,and had good film—forming property and stable and uniform quality. The optimized coating agent
could better meet the demands for the drug,with prolonged adhesion time and enhanced efficacy.

Keywords: oral ulcer,coating agent, preparation process , prescription screening
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AV PR L A 7 B 7 88 2, i) X
THRIT R RN DB A —E Bk AR
RS AR R B, DR, DRI 465 45 2k I
FRERE R GO0 T IR A B0 i) TP R
TR 245 (A B R B AR B IO, A5 AN B2 i B
TERZEIES  # BRI A R T 25 A T A
RBFFE A, LUIE i B2 45 24598 3O v 7 i 1
FH MBS 05 25 , = B 70 B RAR 36 A2 e PR PO AS [)
iR, X R 287 i B A B — 5 B4R

1 ##
1.1 %

781 B 1 INFAAR FE A (MR AR AL AR A RS
Fil) ; GZX-9240MBE H #A8% KU T 1 A1 (b i PR s
WA RA R iRAT ) ; FA2204N HLFKF-( L
AR A B Al )  DK-98 — 1T #1fa iR /K ¥
(KRBT BRI ABRAF) |

1.2 3K

ROIHEE(PVA) 1788 RI(_Fifg 5 AL A R A
BRZA R, 45 : RH391709 ) 5 ANl (VLPG IR AR
FRIA FRA D) 5 KRA L Il (VLG TE IR R IR
BRI FRA R 5 H AR s 3 (V9 2 5 B A= R
FHRRA T S RY20221006) ; 7% ( 7522 5 280 4=
WRHE A BRAF]) 5 P9 = (L AL T A BRA
AL 501806101 ) 5 — A AL Bk ( KRBT BL 25 Bk 27

RAABRA S . 20150404 ) 5 R £ (HEE L 460
FABRA T 5 :20221025) 5 FLER ( 1 B 5 A= 9y
PHEABRA D) AL (PUBE B A BRA A S
1702081 ) ; S A4 ( R AT LI A 27 1R A BR 2 7
f1t'5-:20200920 ) ; Bt R 44 (1 BF 4 A= PR A FR
ol s EARE (RS BACFE AR B RAF) .

2 HEE5ER

2.1 ALvEigegH &

SWCHR] 141, R 1 HOBER EC 0, 4 10
L A THE
xz1 ANIERAIE S LG

I Fi/(g/L)
C;H, 0, 3.0
CO(NH,), 0.2
NaCl 4.5
KCl1 0.3
Na, S0, 0.3
NH, Cl 0.4

2.2 AEAEAREAL T SR E

R 24 it TS BRI ) o5 L AR 24 1Y) A O
BUR AR FAR T R ET 2 JRAN Ty Sl . 3L
AN 20 ¢ RBRARZTIS o Wi 5. 75 ¢ H
FREAER 4.92 ¢ Z B 780 mL, DL b PUBR B H 21 /iR
AR AN A = RN 2 780 mLL f Hg A, 53 B
H AR B  KEE BV R, 5 DR O REE
WA TIT AT, K 22 1000 mL, $E P34 5,
RIf ., ik R G T2 B s Oy He il Jin
AR 2 FHAE S R0V A BRI A5 )

FREGE # /9 PVA 1788, Il 60% £ B it 7
(1 g PVA BT 3 mL 60% L) & T 70 CHEAH,
IR e K, PRI 5 PVA 1788, # 4: k
el A A SEAN BT KR AR 229 AT I | H
TR LR I KD T 3G SR IR BT A
TRBR, FH— Ve B 1 O 2 25 28 20 mL, SR i 4k,
RIS B o

2.3 ACEAE BB 69 R A IR AR

< MR AR S R) A G R 1 Y O s v L 455 1 AR T
My DB ] HE YR SRR BRI E]
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2.3.1  PARIEM
T A BB VR AR A E A A M 5 e A SR i
BYRERE AR IS 2 T OGS R B 5 e A R R P R AT
PB4y, BARIEMN 5k W 2t
£2 MERIEMESFE

o JI iy T

10 WS EIA, BRI
AR B 5], A7 R B)

RMDLH Tk
RMEE R IGW, =1 ~3

T R AR
RS YYS AKR REEOTHL, P 4 7
O e

0 RIS EEMBYZ  REARHLEE, A KRR

2.3.2 BT[]

0.1 g BURMIISTIRIRT 37 CRYBERMR B (&
A1 em) , DU R TH TR TORG RN , 10 5% B
], W 3 YRCRSEIME
2.3.3 fEEME:

0.5 g BUMIRIR T B b (HRHN 2 em)
FREE 2 min, IS5 R /0N 1) 36 38 Al [, b TRT 78 [
—REREY , BE 1 min, W8 EA, W3 GOk
YA,

2.3.4 ZHME

$0.5 g BUMRIEKTTEN 2 em, KK 5 em HIBE
AR b R R . — s E 1 em, 53—
Ui I HIEAE 1 em, AT v A 28 T 24, 9 SR T 2
KB TR K 3 REBCEEE

W R 32 = (W LT 1 B - IR AR S B ) /i
[RNES
2.3.5  ZHBETE]

$#0.1¢g BT IR E(ERE A1 em)
#E 2 min, FAZEA 350 mL A\ THER B BeRR
ARG 8 o i U & N et e O b 131 T O
3 WHCEHE
2.3.6 LBV 5 51)

BSOS ESFTR] (Y, ) A BSOS A P R VA
(V) JEJBME(Y,) B (Y,) JBNET R (Y,) 1Y
BB AREGT  PE FR bR T AR — R I R e s
FRUEAE R O ~ 1 Z00) X BRSO &y 174 PR 25 AT
(RN B 1 PR 2R 0 il R AT B e e, 0K d,, AN
d. .

dpp = (Yi, - Y,.)/( Vi = Vi)
K, Y, ARG EARHEIRAE, Y., RN R R (A )
MAL Y, HESEEAMER KA, 25 5T = d, + d,

+d, +d, +ds,

2.4 vf @RISR ik Ao A R IR ) B AR
475

2.4.1 I
R OIRBERA R AP U T sh it B S
PERE , B0 S B, O I () 0, I 5 24 4 o0 A 3 5]
TG R, A R A B3 BT AR, B OR, B
R AP AR X B IR e il et | 2 i Bos) v iy
FHE) 12 W BT 5 H kB A e v, 5
AT T R IR ERR R 1 (25 B8 AR AL, BT 858
YEF . BRICZ AN, Hh T3 i 2 90k e RAr
HESEF AR R e R AR E,
B, AR, AT AR A 2 s TR KA
BUTR, R 45 2810 2% B0 1 5 1 B 3 0, L MR
/N
PRI A TH e, L PVA 1788 I (A) JH
WA (B) LW E (C) AHEHNE, DEIRIT
Yo SRS ] HE JE 1 i B R i 25
VEor Fahs , B E 3 Fhiie Y e &, P e il a8 T
20, RSV 3, mi i 1 i 40 22 HE 5 25 5 L
%4,

*3 WHAEWE@RREZRKFES

KFE PVA1788(A)/g Hi(B)/g ZFE(C) /%
-1 16 0.6 60

0 18 0.7 70

1 20 0.8 80

F4 MEERBLHESEREK
LR PVA H ZEE MR OSBRI ERME ) BRETT Z5A
5 o1788/g /g /% T /s Jem ¥ /min WS
1 16 0.6 70 16 14.67 4.22 2.07 51.67 3.08
220 0.6 70 16 2.67 3.87 1.6 63.67 2.80
3 16 0.8 70 16 2 4.28 2.2 56.33 3.16
4
5
6
7
8

20 0.8 70 12.5 3 3.7 1.74  69.7 2.16
16 0.7 60 15 18.67  4.28 2.12 59.33 3.08
20 0.7 60 13 3 3.87 1.83 80 2.94
16 0.7 8 14 8.33 4.17 1.97 53.67 2.74
20 0.7 80 12 2.33 3.73 1.5 70.67 1.67
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gk 4

i PVA  HIh ZRE MR MUBER ) GESRYE B RMIEE 25

5 1788/ /g /% P /s Jem P /min
9 18 0.6 60 15 7.67 4.17 1.97 60.67 3.27
10 18 0.8 60 14 933 4.17 2.03 59.33 2.97
11 18 0.6 8 125 3.67 3.97 L.73 59.67 2.10
12 18 0.8 8 12 333 403 1.53 61.67 1.89
13 18 07 70 14 7.67 425 2.03 65 3.40
14 18 07 70 14 7.33 422 1.97 6433 3.26
15 18 07 70 145 7 4.22 1.83 67 3.29
16 18 0.7 70 145 633 428 1.7 66.67 3.24
17 18 07 70 14 633 428 1.8 64 3.16

2.4.2 WAL RIS LSR5 Ty 2 08T

FIH Design Expert 10.0. 1 34, X 3% 3 H 45
SRVEAT IR Ty 25504, A5 SRR %) — Yk 250 1]
A5 2 .Y =+3.27-0.31A - 0. 13B - 0. 48C -
0. 18AB - 0. 23AC + 0. 022BC - 0. 21A% - 0. 26B* -
0.45C%, #5238 HAE F X 4 0 A U I8 7] 255 5 0F
35 Me) 1) Wi 137 T PT UL 1y TR A SR LR 5

0.7 70
R 0.65 75 C: LRERIEI%
B: HAR005 S WHIE %

B HFEREZEEAXNEHERRIENSSITN
2 e B ) R T ]

HE 159,25 PVA 1788 (A) Hil(B) M EEHk
JEE(C) PIPEAC T AR FHI, %oF 4 M il 1 590 10 255 5 F
XA SE A ) S TAT RT3 %) I i R AR T S i)
1) EFEEE , AC  BC HE I BEIF , AB 3% A1 # BE U , 156
WA 5 CBYCZREARIFMAZEIEN A S B
Z I HA IS AR

& 5 ml A, AR R R BN B F (P <
0.0001) , RAUTA 2 3 (P=0.2206>0. 05) , K%

BOARAT(E R v, TR R4, — kWi, A C Y
i 11 U 2R EOA B .35 (P<0.01) , B A i 171 U5 R %K
RENEE(P<0.05), WK ER/NR. C-LEEW
J# A-PVA>B-Hil, ZRIi AC A® B C° W
i [F1 05 R BOABH B 2 (P<0.01) , AB f4 i 51 19 £
BORE| 53 (P<0.05) . e R R =0. 9824 , 1%
PUERB R, =0.9597, L5 RELCVY% N 3.83%,
WIHBAY 55 52 R o 406 B 4F, 185 30 1) 48 S P
25 LTI i I AR TR AT P T 4 0 g e A ) e £
& TR TR G i
x5 MEEHIELER

BREHE  FHM HBE 5y F{E P WEME
FRFY 4.59 9 0.51 43.30 <0.0001 = x

A-PVA 0.78 1 0.78 65.74 <0.0001 = =*
B 0.14 1 0.14 12.14 0.0102 *
C-LJ 1.86 1 1.86  157.98 <0.0001 * =
AB 0.13 1 0.13 10.99 0.0128 *
AC 0.22 1 0.22 18.34 0.0036  * =
BC  2.025E-003 1  2.025E-003 0.17 0.6910
A 0.19 1 0.19 15.75 0.0054 = =
B? 0.28 1 0.28 24.14 0.0017 = =*
c’ 0.86 1 0.86 73.13 <0.0001 = *
B2 0.083 7 0.012
AT 0.052 3 0.017 2.29  0.2206
afiin s 0.030 4 7.600E-003
S 4.68 16
HRFRE R*=0.9824 R:,=0.9597

CV/% 3.83

e w RAR M EE A B (P<0.05) 5« = * 7 FoR % 45 3 A4 5 i 1
B3 (P<0.01),

2.4.3 FURSCES

FIFH Design Expert 10. 0. 1 544 700 3% 5 57) B
fEH1 4 T2 4 PVA 1788 17.080 g, Hiili 0. 688 g,
CLBEVR E 65.823% , ILBT Y 25 G 1T A ik 2 3. 450,
RO B SEBR A, X T 2 b 2. PVA 1788 K
17 ¢, HM 0.7 g, SR EE 65% , F b T 2471
% 3 MR R $ 2. 37 T 1 IE4 s o 2t
TP IR L B 5 Rk 6,

*6 WIFLTHER

Semy PR IR EERETE  ZEE) BEMINE Z5& SD RSD
5 W s Jem /min - W /% /%
1
2

&

155 9.67 4.22 1.80 68.00 3.40

150  9.33  4.28 1.87 67.67 3.49 6.24% 1.80%
3155 9.67 415 1.97 68.33 3.5
FIE 15.33 9.56 4.22  1.88  68.00 3.47
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3 3 G Mg Ad U BESSR S S MR PR 44 15. 33,53
BB R 9. 56 s, FHIIE R Ry 4. 22 em, P52
BN 1. 88, SEZEB S [E] R 68. 00 min, F¥25 5
W52 h 3.47,8D S 6.24% ,RSD 9 1.80% , SZBRs:
B S N E A ZEA K, HIR A Rl G2,

2.5 REMERXE

2.5.1 Tt ERRE i

B3 HERGA 1.5 mL, A VI MO 25 5, &
T -4 CHVKAE 24 h, BUH R E 2500, KA iR AR
JEAS B K 432 BB AR AR A0
2.5.2 iR E MR EG

B3 HERG A 1.5 mL, AP MO 2% 3, B8 F
50 °C HHL G XT AR 24 b BUL  IRE B EIR L K6
BrURMEFE 5 BIh K 53 2 5 B8 €6, 55 S W AR
A
2.5.3  EORRE I

3 b ph 1.5 mL, inACE G A Y, B 3000
r/min 5.0 30 min, BUH A TR IEFE S A S Il
K2 BB S SN AR R
2.5.4 FREthlEmasiR

2R A, 3 b 4 I A U AR ) 8 S FE T A B0
FE M I 5 , Josr 2 FE e S Ah AR (L%, H G

MDA o TR < I A TR SRR S UL AR R4, B
R,

ARSI RE W e 25 59 L 245 5 PR RS 5
R B G A TR R AR, LS B 1 5t 0 1 1 ) S
RALIIGYT o FY 58 1 MR IR ] | 3 e |
FME B E] S AR B TR R
SRS 3 BB, S B m A AR EES i
Ko RIS A SRS e B 03 70 114 3 32 o
TRIBGHAY B R AR . PVA 1788 Mt ik
B L 266 B ARF IV, o 22 DUDR AR 32 K o, 582 T 5451
TR I Hh A i b W SR o 22 B 2 id 22
DN SEE < AR 8] 5 2P JEE e /1, IR T B 22 00
LR GD B K, 2 R MR 22, AN 5 T
Ko DRI, A e T Al A B 790 F) 2EL 1 L ) A 5 A
o BEAh A B AR, A A T TR RS

T, R R RE

LR B RTIR  FE T X 1R 59 FH 24 B0 AL 1 30245 &
GEWTT , R Mk ARG 55 791 8 g U3 )2 LI PR 75 5K
N 1], Fi BRI R AT 57 B Ot | A 4k
(AR 15007 T PR O B N IR] , 800 R #2550, M8 B 2
Wy, I — JZ ORI, 20 5D SR 1573 1 ) 0L
AT B (4 W A T 57 A [ 2K 7= W O A ) i 5 0
e
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Je T 45 2y B S IR A YR PR R PR R TR Y FLINR R
78 BL

R MR R, E kT, T
(SN ZY R 252Ee, Bt BB 550025)

 OE: HM A TRAHESE SRR ERBIRTREE TSR X (Mastitis) 1948 ZAE A AL, 5% 4k4e TCMSP
Swiss Target Prediction,Gene Cards % # 3% & & 4o3t K B3 £ 5 UM X A8 £ 64 3o S 40k Fml | £ STRING #3% F & % 7 IRl &
XX 3o EMAEF QA EIER (PPI) M4 % %, 54585 T CytosCape3. 7. 3k & %6 I J& T AL B AE 54T, #ml Az e b 42 )
David #3% & 21% GO #= KEGG & £ M4, MMl K B L EZH e LR K e 23 5 F R A 45U £k @k
(BMECS) 23003k, SR FAMA N, A 34 AKRBEEE B A 50 186 MU KBRS BEA 16 ML b, F A
ICAM1 .ERBB.EGFR .ESR1 . IL6 TNF % 6 N T 24 ok abe s HRIBCOWMOIWER SR AMIHGH R AT HA Tk
2 ERY 4 RNA REGBE Boh T8 F ARARINGIERAT 5 TR E A DI RGETLHRES, FRLEAN,DNA 46
R—FHFRG S TFHIH,ETAYMEO R B WR T EORE R EREAHAL RNA RGBT HZIRTEFLAHE
W3 Ek B e A1 R AR T vA B it BeARA T DNA 6E 5 A KA B Ak g E A, e e st E R ek @ Kok
REF BRIy, £ KECG R ZY | £ B4 EE A2 B8R B NIRBHFRAZ F 212 FRABRRE JAK-STAT 12 5 &2,
PI3K-AKT 12 5 242 & & R be fLJ% EGFR B RBRMBEM B R ABRE T REF, 2 T2 L4 REF, KEFE L5 ICAMI,
ERBB2 .EGFR.ESR1.IL6 \TNF % 6 Mg ¥e 539 A4 RIAFR 44 E W, 23 R A, RATLIL, DMSO #KE 4 0.5% 8,
T OAME AL E A RS 95.04% , ARZ T IPS#REMRZE 10 pg - mL7' B, T A KR, HRAELI £24 h
LT ,10 pg - mL™ 49 LPS TAA e F v BMEC @ e, SF 4t L = A £ %69 TNF-a, K. T . N ERAEE LS A1
pg - mL7 10 wg - mL7 20 wg - mL7' PRSI E RN K 0.1 pg - mL, 5 IPS B AR KEE £ FH P KA T
3t TNF-a IL-1B £ R34 LA L E 8345 A (P<0.01) , LA H SR MM, L. MABE P LS ML LA A RER £t
U KA — R w94 KB AR A 5 HLiA4E JAK-STAT 12 5@ % £t %,

KEEE: KRBEEZ UK MLHIE 5 F 34 Janus B FORE B T2 5@ %

hESHEE.R285.5  XHEHFIRAD:A M E S :1003-6563(2025)01-0051-10

R R
B T S T S e T S e e e I i e S T i i S i S S

(15] TR, SRMSAS, TR, 55 /NEEAHR 11 1 10 955 24 KT ARMERF ST [ ] . 65 B S 24 B 2 31, 2020,26 (21 ) : 1611 -
W S 2530 AT [ ], H B S0 5 Ml 44 75,2017, 23 1616.

(20) ;:20-24. [21] VT4, D7), 0, &, =B AT 808 i 45 k4t
[16]  AF, BRI, XIEE ZJ5 P2 0% BRI S & T 20 B RREDTSE ()], B2 2017 ,48(22) :4639-4647.
FE[1]. PE A5 25,2021,19(8) :31-33.
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Action mechanism of luteolin in the treatment of mastitis based on network phar-
macology and in vitro experiments

LI Yueping, CHEN Xiaolan* ,XIE Shucai, JIANG Linli, CHEN Wenyuan

(School of Pharmacy , Guizhou Universityof Traditional Chinese Medicine ,Guiyang 550025 , China)

Abstract :

mastitis based on network pharmacology and in vitro validation experiments. The targets related to luteolin and mas-

In this study we investigated the interaction mechanism of luteolin in the prevention and treatment of

titis were predicted by using TCMSP , Swiss Target Prediction, Gene Cards and other databases,and the protein in-
teraction ( PPI) network was constructed by taking the cross—targets of the two in STRING database. The visual data
analysis was carried out with the help of CytosCape3. 7. software to detect the core targets. GO and KEGG enrich-
ment analysis were performed by using David database,and the functional mechanism of luteolin in the prevention
and treatment of mastitis was predicted. The results were verified by molecular docking and bovine mammary epithe-
lial cell( BMECS) experiment. It was predicted that there were 314 potential targets of luteolin and 186 potential tar-
gets of mastitis,and 16 cross—targets were found ,involving 6 important core basic targets,including ICAM1 ,ERBB,
EGFR,ESR1,1L6 and TNF. According to GO results, the negatively regulated apoptosis process, positively regulated
RNA polymerase 1 promoter transcription, and positively regulated genomic expression were involved. Among the
KEGG pathways, there were mainly cancer pathway, lipid and atherosclerotic signaling pathway, influenza A path-
way ,JAK-STAT signaling pathway, PI3K—AKT signaling pathway, proteoglycan, breast cancer, EGFR tyrosine ki-
nase inhibitor resistance signaling pathway, etc. The molecular docking results showed that luteolin had good binding
activity with six core targets,including ICAM1,ERBB2,EGFR,ESR1,IL6 and TNF. After practical application, we
found that 0.5 % DMSO could increase the survival rate of cells to 95.04 % . In contrast, 10 pg/mL LPS could
limit its growth. We also found that at 24 h,10 pwg/mL LPS could effectively affect BMEC cells and cause them to
produce more TNF-a. Low—, medium—,and high—dose luteolin were 1 pg/mL,10 pg/ml,and 20 wg/mL,respec-
tively ,and the concentration of the positive drug dexamethasone was 0. 1 wg/mL. Compared with the LPS model
group , low—, medium—, and high—dose luteolin had significant inhibitory effect on TNF-a and IL-1B production( P
<0.01) ,and the effect was dose—dependent. Network pharmacology combined with cell experiments showed that
luteolin had certain anti—inflammatory activity against mastitis,and this effect was closely related to its regulation of
JAK-STAT signaling pathway.

Keywords: luteolin, mastitis, network pharmacology, molecular docking, Janus kinase — activator transcription

pathway

LTI SRR SRE R A ZH U 1
IO, b B A R A s (A E SRR 25 1E ) |
JEYe S dE R SO A TR Atk

0 3l

[l

FURR AR FL IR VAL R R Ak e
PRI UL , W UL TR LA 2, JE R A
HOLR) EEA IR, — R Ak e Rk,
DM EFLIR R, Forh S A ek L A8 5y
Do FUMR BRI, LR N 5 R i &
ZEGUR A RAE , H A FLTHHEE A 19 R A B

PP EFUIR SR — . F AT PY B R S B bt
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SERET R F AR LS BRI IR BURE 5L, BT
LVEAEIRYEZLIR A, W1 R AR R BE 2 iR 7
ROR

AR EZE (luteolin, LUT) J& — Ff 4K %) 15 i 2
&, BAYIR I ra b g e 2 a2y
WED S BRSO R B R B R AR A N RFL AR
Ko PIZK 2RI DA ) 0 265 11 K ) 2 TR TR
BRI W0 FHRLAR 8 — T DR 2B nT 28 2
TRAR TR B s (0 s WL PR S I 5
I FH D0 288 2 L2 R0 43 —F X4 HOR SRR R 5 3L
JR A& T TERE i 22 [) 1) S IBE R AT R0 | - Xo] 3¢ L 88 A
AR HEA TR SN Z B B IE , R DU X AR R BL R IR YT
FLIR AR BTSSR B 7R 9T 7 ) .

1 #R57E

1.1 ##

1.1.1 ¥

ABRE R 4ifb ¥ (96% 014HS197800 , J5 4=
V) AR R XTI A (A5 S08GB160295 , Vi i
W) HLFEKH
1.1.2 k5

fIg Z # LPS (0000189847, SIGMA 72 ) ; 4
TNF-a I F £ (202212, RN FBHE YR A TR A
Al 54 IL-1B 3 F & (202212, I FRHE DR
ARRAHE]) o
11,3 Bl S q

A BN AT A Cytoscape3. 7.2,

®1 BIRERSRH

Bl Mo ik

OMIM https;://www. omim. org/

TSMSP https ://old. tcmsp—e. com/tcmsp. php
Pubchem https : //pubchem. ncbi. nlm. nih. gov/
CheMBL https://www. ebi. ac. uk/chembl/

Pharmmapper https://www. lilab — ecust. cn/pharmmap-
per/
SEA https : //sea. bkslab. org/
Swiss Target Prediction http ; //swisstargetprediction. ch/help _mol.
php
Uniprot https : //www. uniprot. org/
GeneCards https : //www. genecards. org/

53
gR1
il % (.13
DAVID https : //david. nciferf. gov/
Venny 2.1.0 hltp.s ://bioinfogp. cnb. csic. es/tools/ven-
ny/index. html
STRING https://cn. string—db. org/
RCSB PDB https://www. resh. org/
MAAF https ://www. bioinformatics. com. c¢n/
CB-Dock bttps ://cadd. labshare. cn/cb—dock2/php/
index. php
1.1.4  ZHjkk

AL b 40 ( BMECS, )M 35 Rk AE4) o
1.1.5 {4&#%

Wi H] B TAE A (SWCI-2FD, bR ) 5 15
T AR IR AG (USA3131, £ EHAE A ) s WA
RAHAEHE(GBSXC47 /11, S i) 5 65 20U B0
HLCL600 , ] e W A 52 30 = AN #R A R & A R
A)) s B RETE IR K VA B (HH =28, 5 M B AL 2%
AR ) 1X81 {8 44 ( Olympus) o

1.2 Mkt

1.2.1 ARJERREFRHL B

MG AR ELZE CAS %5 (491-70-3) F PubChem
2% HC SMILES 5 Hil 2D Z5 44, 4K 5 il i TCMSP
Swiss Target Prediction , CheMBL | SEA | Pharmmapper
B R T AH OC B A , ItF UniProt B35 % X 4H ¢
54T Gene Symbol ARUEfLERE, X 5 R IE
U s B AT A ZSBR 5 10 B AR BB R TC i
HEAT IR R B
1.2.2 FURSR AL A T

E Gene Cards I OMIM %545 4 b 18 22 5C 4k 1)
“Mastitis” , %5 LR 9 HH O B s EA T FO
1.2.3 HH-FEHAHAE ( protein—protein interaction ,
PPI) % 2%

FIFH jvenn -5 23 155 RUAL, G AR BB ER |
FUIRR M S, 5 SR AL 1% 2 STRING
Bl e RIEE PPT 2%, (I HTERIAS B R 4 2R T
A TSV A& ARG HE Cytoscape3. 7. 2 B4 itk
FFRTAAL, R CytoNCA 4 {1 #EAT #i Fh J3 Br | X 42
TR HE 5 Y B2 A0 P ( Degree centrality, DC) | 4F
AiE ) 1 HO P ( Eigenvector centrality , EC) (HPA A0
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4 ( Betweenness centrality, BC) | % % Hf.0 P ( Close-
ness centrality , CC ) [ HF 3 (B 6 H A% O 5007
1.2.4 GO 5 KEGG &HE4HT

H<1.2. 37 PR sC 2 4 5 5 A DAVID 48 1%,
IFERE 5T 19 £ W1k A2 (Homo Sapiens) , #KIK
#EFT GO TIfiE Al KEGG 38 % & 4 43 M, AR 4f SC ik
(11 ]R30 SRR 2 P<0. 05, P fH#/)N,
FOR W EVERR R M . IR IR P A BN BRI
HESI 5, BERERT 10 S8 , R AE S TEZ T A il
Y GO ThfieE AR KEGG il J% & <A,
1.2.5 S FXiEEEE

TE T3 F A RAE A AR R SDF A% X
S, BE ok H Pubchem B4 3 AR 95 SCHK 1 £
ICAM1 .ERBB2 .EGFR ,ESR1 . IL6 . TNF %542 .0 #0 5
(AR ZE #2710 N RCSB PDB U4 2 b R 4%, 4%
JG7E CB—-Dock ¥ & |- Hif A R B 28 FIAZ O 40 5 0F
FFXT 84 A% VinaScore [ % A B B2 5 4.0
B Z B S5 G 1 S IEEEA TPl

1.3 ARSMEEIER I

1.3.1 BMEC 4l &

1 BMEC A0 MR A h B, 37 BRI 5) 37 <C
+0.5 C /K TPl i R, TR 58 e, B
F 1000 rpm AYMRIE BOAL T B O 5 min, L &
AT LR TR IR IMAGE B S e R R
BT RSN, AT AT, PR =
T25 JEFEM INA 5 mL 58415 353k | 8 T iR 8
FERAML RGBS S R 35552 (37 € ,5%CO0,) .

1.3.2  BMEC 4iHirof&4t

YA A B 80% LA LI, AT LAEA T 40 B A4
PRAE, SR RS R, A 2 ~ 3 mL PBS ZZ o
WHEAT 2 ~ 3 PR, WL 2 4% 1) PBS 28w, Jin A
2 mL JEE (% EDTA) WAL HEA T A, B 1 s
TSI AT O . > A MR P B, 7 B
HBRBE AL, A 2 mL SE 485 95 58 AT 400, 24
WRFT MBS At BN 1 2 2 AT AR, FE R 35 4 1
TLZESE TN 5 mL 58 &R SR T
1.3.3  CCK-8 JAM & £5 Ab L Y 4 A7 17 3

SR AR XA R I A R, A e A B 3R AR
% BE IR B 3x10°4N/mL, 3T 96 N LR I, LI%s
FIZH A, BN 100 pL 58 2355 58, RS 4

FALAN 100 L 4 A . I 7E 40 B LA Rl A LR
PINIA 100 pl JoHE PBS ¥, 76 55 77 56 P B RG
I AN BE J5 | $ 520 4 4l T 5 4 DMSO 1 100
pL QRS IR 4RE2 595 24 h 5, 5 LA B RE3R
5 BALINA 10% CCK-8 JERlEFEEE 100 WL, 4ks:
PEE 2 h,5E 450 nm ZLWSEEE OD ., 7155 40 i %

MIAETE R = (244 OD fH-45 4 oD fH/
1EH 21 OD {H-25 41 OD fH) x100% |
1.3.4 A TNF-o 43 I0E

SR AR EICA A I A1 R T4, e 200 e o 1 R 3]
3x10°4/mL, FHEFP T 96 FLEF IR, 7E25 A%
fLAN 100 pL 58435 77 2, HA 4 4L fin 100 L 48
Bk, 4% FLJE AN 100 WL JoR PBS, 7EXEFRAE
BR IR ; A AR A WG BE I o LR B & AT LPS
(100 WL 4058 R Rt IS0 g0/ 43542 24 h
PATREFE, SRIGTE 4 CF LA 1000 rpm A9 3 & 2500,
¥ EEWOE RO RSk, BT RO AL G 10
min J&7 , FEARHE A TNF—o 380550 & U B B4 TG
1.3.5 ELISA a8 H+ TNF-a IL-18 B9 5 i

SRAERTEA K AR5, I ARG TR, R 20
% BE A 3% 10° 4~/ mL, B TR =40 N5 327, 96
FLEEFRAR RN, B L3RR 100 pL, A4 4LIHM
FRFRHE e LA SIS TR W 100 L 3R HE A
RiFRAANIR T 24 h 5, 1% 8 ELISA R & e
I OSCEYNN FIE W4 °C 1000 rpm 250> 10 min, U
L (TR 02l
1.3.6 DMSO Jl&#%

R ET 23 AN e B T o8 a3 FR 5L R PBS
SE P, T DMSO S B B TR i T HA #
P R R R 55 %o 4 B 1 BG4 40, BT LA %) DMSO
ST 58, SEI 4l R as AL JeAi i (X
AREFREL) IE R4 . A+ 35 57 5L DMSO 4H . DMSO
WRER0.1% 0.125% 0.25% 0.5% 1% 2% ;%
M3 AT, HAE 3 K, AR DMSO 1R
T BMEC 418 24 h J5, B8“1.3. 37 T~ % 45 2 40
JAFIE R
1.3.7 LPS ¥ i i

DL RLAE T % S TNF —o 43 bk M PR 36 bR 07
PEHE LAY LPS 155 BMEC 4 il 48 iF A5 1 v JiF
LB A S AL O (A B R 5 5 IEH 4
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JLZH AN LPS; LPS 4 . 78 41 i 55 723 P im A LPS
VTIPS HE M 0.5 pg - mL™' (1 pg - mL™' (1.5
pg *mL™" 2 pg e mL™ 10 pg - mL™" 20 pg - mL7" |
50 g - mL7' B 3 APAT, HE 3 Ik, BH4L.3.
37T I A5 2 A M AE TS R I IR 1. 3. 47 R
M5 TNF-o S35
1.3.8 LPS 55 BMEC £ i 5 i A% 7Y i 1] 1) i 15

PG 1. 3. 77 WUN 8 1Y LPS Bk I, DU
TNF-a 43 W5 & S PF-A 48 A5 0 28 585 H A LPS 5%
BMEC 4 4 REALAY (], LPS 3 AR HT [H] 4320 . 0
h6h 12 h 24 h 48 h, E4fg 3 P47, BEE 3
W, 1. 3.47 TRl E TNF-a 53
1.3.9  RBERLG U L

SRS N A AL CANIE (U 5 5R3E) 5 1E
WL AN LPS MR BRRLER (40 +FRAERT TR AL ) s R
FREEY . AYRE 0.1 pg - mL™' 1 pg - mL™ |
10 pg + mL™" 20 pg - mL™" 40 pg - mL™" 80 pg + mL™';
BHH 245 P b JE KN 25V 0.1 pg - mL™' (1
pg + mL™" 10 pg - mL™ 20 pg - mL™' 40 pg - mL7 |
80 wg + mL™'; AL 3 ANFAT, HE 3 IR, IR
“1.3. 37 IR AL AR A AA T R
1.3.10 ABEZEX LPS 5 BMEC 40 48 5iF B
F TNF-a F 5205

SRS 32 N A5 I JORT U I LPS T2 (2
il +35 7238 ) s LPS AU . 40+ LI A & A LPS
MIRESR I R 25 R VR AR SE (1 pg - mL7™" |
10 pg - mL™" 20 pg » mL™") ; BHPEXT BREH . Hb ZE KA
(B TAYIRIE 0.1 pg - mL")  BALIFHI 3 K,
B3, IR 3.47 TR E TNF-o 43 i,
1.3.11  KRBEZEX LPS 5 BMEC 20l 4 i A
FIL-1B I

SEBG A R 28 1AL JCRF U N LPS FIZ5 W (2
M+ 355538 ) s LPS A AU . 40 i+ B AL A A LPS
MIRE SR A2 R VR AR SE (1 pg - mL™" |
10 pg » mL™" 20 pg - mL™") 5 BHMEXT R . Hh KA
(B THYWHIE.0. 1 pg - mL™") s BAIFH 3 K, &
23, IR 3 47T RINE TL-18 /i,

2 #HR

2.1 RBHEEFTMER

2.1.1 ARFREFEES

i1 TCMSP , CheMBL . SEA | Swiss Target Pre-
diction . Pharmmapper 4 2 53 51| i HH A Jz8 25
R 47,139 25100 .76 1, BT LBrE & AAUG 45
TEER AT 314 4>,
2.1.2 FLARRHS

i GeneCards, OMIM % 4f J& 43 1] 3 #3185
A2 ANFUIRR LA SR E X R S AT A I
B, Jed2 4 185 AR L, PTRE S FLIR KA G,
2.1.3 PPI %%

PARBEER FURREWARTIHE jvenn T 15,
20 T A, AR 16 M HR B AR (1)
B, o SE AR ¥ PR 4 5 | FH 28 STRING £58 72, M\
M e PPT W25 19 16 415 & DL 81 2% (K&
2), T Cytoscape3. 7.2 Ff, FRATAT LI ™= A 1Y
PPL W 258 5 45 R IS, G b i [BE 0350, 25 3 ]
EATRYRE SR CPERR (K 3) . 454, 1 CytoN-
CA R — 5T X 28 ppi BIFFNES 1, IFAR 4
i {H (DC = 11, EC = 0. 27116898, BC =
3.2630955 ,CC =0. 7894737 ) >k fifi % tH B A %o A
KPR ORE R, sk 2 s,

Az FLRR

1 ARBER-IBAZEESFRE

B2 PPI M&KE
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CYP19A1 BcLaLt

DHFR

3 Cytoscape ¥ 1L H) PPl M4 &

R2 LEBRMERIESY

HEH DC EC BC cC
TNF 14 0.31718335 9.880158 0.9375
116 14 0.31718335 9.880158 0.9375
EGFR 14 0.30453265 19.74127 0.9375
ESR1 12 0.2863057 4.818254 0.8333333
ERBB2 12 0.2821798 5.619841 0.8333333
ICAM1 12 0.287416 3.8563492 0.7894737

2.1.4 GO 5 KEGG &#5#r

WATEIT 16 MHHCA R, IR T 149 4
GO IS, LA K 52 45 KEGG 55, X4 GO fi# i
W T 112 ANEEA ISR, R I T R
iE RNA A B 115 2l i 1 8, DL Ak A
FARMIE M T4 53T DI AE (molecular function)
R RPN AEY LR, EANTWE T 11 AR
J5 T A0 . B B R AS A R VE R 4 PR
5 R TR MERCE Uk (RNA RA Bl Y
YEHIFN DNA 193k, W5 R W], SLA77E 26 T[]
(2 2R, A4 - RIS | 3 1T 45 44 Fn 2 b R 5%
A, TE 52 50 KEGG @ iah, REA AR SRR,
e BB kR FERE AT ik A2 | AL IR AR JAK
~STAT {5 7 &4 \PIBK-AKT 5 5 ik 42 4 H A
FLARIE (EGFR i 2 19 I ity 400 ol 390 wif 24 P 55, 1Rl 4
48 P<0.05 %14 BP \MF Rij 10 N1 CC BhfiEhy 8
A% H , KEGG T8 B T 1T 20 S5 %,
2.1.5 S FXHEEIE

W2, 137 WOR iRk, AT E T 6 Al
AU AR A B B EL N RCSB 8 42 Hh in 2%
Sl I S5 ARBERLE CB-Dock F-4 kAT T T
P, ZERILER 3, EE AR, EH S 5L
RS G RE I EOR  BaE H T 455 BB < -5. 0 kJ/mol
MR AR E S F R R BN KRR

gene count
© = N W & OO N @

Cellular component Molecular mnﬁmn

£
&
H
H
&

4 GO Z#7 (BP.CC.MF)

25 6 MELLHLE SR RER /N T -5.0 kI/mol,
RUIPIEST SR, T3 HER T AL AN
5 FR

£3 HTFMBEAEERER

Vina Score  Cavity Center Size

/(kJ/mol)  score

PDB ID

(x,y,2) (x,y,2)

ICAM1 —6.0 447 -38,-37,-17
203,222,209
100,49 ,40
-13,27,38
-49,183,59

46,0,-21

21,21,21  6S8U
21,21,21  7MN8
29,21,21  1IVO
21,21,21  7TUIW
21,21,21  1POM
21,21,30 5CIR

ERBB2 -7.1 484
EGFR -7.0 1269
ESR1 -6.8 648

1L6 -6.6 1240
TNF -7.5 630

hsa05200:Pathways in cancer ﬂ
hsa05417:Lipid and atherosclerosis o
hsa05164:Influenza A
hsa04630:JAK-STAT signaling pathway
hsa04151:PI3K-Akt signaling pathway
hsa05323:Rheumatoid arthritis
hsa05321:Inflammatory bowel disease

~logsq(pvalue)

]
I I
o o
o S

hsa05224:Breast cancer

hsa05205:Proteoglycans in cancer
hsa05166:Human T-cell leukemia virus 1 infection
hsa05144:Malaria

hsa05143:African trypanosomiasis
hsa04657:1L-17 signaling pathway

hsa04066:HIF-1 signaling pathway :
hsa01521:EGFR tyrosine kinase inhibitor resistance ¢ .
hsa05332:Graft-versus-host disease {® .
hsa05330:Allograft rejection {®

hsa05212:Pancreatic cancer {®
hsa05140:Leishmaniasis @

*

3

hsa01523:Antifolate resistance

45 6 7

E5 KEGCE&ELH
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F AR HZE-TNF

EAFRHZE-IL6

6 KEEESO6 MuLBRSFIHELER

2.2 ARSPERIEEIELER

2.2.1 DMSO HE#%¢

AR EE B DMSO YEHTT BMEC 4iijfd 24 h 5,
FEAR«1.3.37 300 Nl 5E 4 4L 40 A7 R, S5 R aniA
7 FR

20

*
100 i
< =
;7_80
s *k
Eﬁo
=2
=40
20
0
0 01 0125 025 05 1 2
DMSOVK /%

0. s Ex A M, © P<0.05, " " P<0.01,
7 AERE DMSO X BMEC 40 B65E 14 &Y 221

523 (0 BRZHAH F, DMSO e JE 0 0. 5% I, 41
B AETE % H 95. 04% (P<0.05) ;4 DMSO ¥ & i
iF 1% W, 4 M A7 % 2 5 % B2 AH LI B T RE (P<

0.01) , W] DMSO ¥ £ ik &5 23 %) BMEC 4t fifd 1 A
fa# , FrLAESE DMSO M E 0. 1%
2.2.2  LPS ¥ 1fik

ANEH B2 ) LPS AE T BMEC 4ii il 24 h )5,
LPS (IR BER T2 g + mL™ B, 40 7 7 36 1. 25
%24 LPS ¥4 10 pg - mL™ B, 20 i 77 1% % i
i, ELAEILHE T 0 TNF-o iR 2 [H 1
fAT BRI PR BE T RE BT (1 43 b, 3 BRI
BEEXTIRLL, P>0. 05, T LIRS HA G247 L,
U, 255 % B LPS BRIV 10 ng - mL™',
gEIRNE 8 B,

0 0
0 051 152 10 20 50 05 1 15 2 10 20 50
LPSV&E/ ( pg/mL) LPSHJE/ ( pg/ml)

(a) RFEMEBEELPSHHE T BMEC  (b) ZN[a1Hk B LPSHIA I 531
Pl YA ES TNF- o F 55 12t

W SA AT R4, © T P<0.01,
8 LPSiREFIEE

2.2.3 LPS /S BMEC 4l 4 i 452 50 Asf 1] %) i ik

P10 pg - mL™' A9 LPS /EFHT BMEC 4 R[]
fE], LPS VEF 24 h Bf TNF-o Zr i i 22, I H &
Ui AR LR BT [E] N S0E PR 119 2 b i, AR i
XTREZH, P>0. 05, AN B A Gt 3 L, w4k
PELPS WE N 10 wg - mL 'VEFH T4 24 h, 453
mE 9 Fis .,

'S
=)
(=]

w
=]
=]

TNF- o 43/ (pg/mL)
s 8
3 3

=]

0 6 24 48

12
i ]/h

B9 LPS AR{EMARE BMEC a4 TNF-a S E

2.2.4 RBFRGIREMTTE

AR 25 v B i R R R R AE FH T BMEC 4l g
24 h )5, G55 WA 10 FiR,

ABREZRTE 20 wg - mL™ AF & T, X401 7%
HWEHME; KW, YARERNFETE 40
pg - mL A HA A RIAF 62. 39% (P<0.01)
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KRR - FEARAN
150
#100 100
] 1
s s
2 50
g
0
0 01 1 10 20 40 80 0 01 1 10 20 40 80
Y (pwg/ml) YIHE (pg/ml)

S5 AXT R4 L, © P<0.05, " " P<0.01,
10 &Z5¥%t BMEC 4HRaTEE 2 0 2200

M5BT 80 g« mL ™ B, FLAN A7 I R I
£ 18.91% (P<0.01) , 5% FI4H M LA 35 2=
o PHPEZG P M FEORFAMRBEAE 0.1 ~ 20 pg - mL™
I EE Y PR A, X 0 R 3 P I A 8

PRI, BEHE 3 ik J32 A [ 1) A J28 R 28 R A 7 240 i
SEHG, A R R (1 pg - mL7) PR (10
pg + mL™) FIE I (20 wg » mL™") , Horb s ZE K42
BMREER 0.1 wg - mL™",
2.2.5 KEBEEX LPS 5T BMEC 4 i 48 K T
TNF-a HJ 5

FEHRC1.3. 47 UR I E TNF-o 53 o, 25
WK 11 fis,

3 ##
=
s
= 200 o
H LS
4o
31001 T

"TEE B & T
. s ExX A L, # P<0. 01, SEONAAH L, " P<0.01,
B 11 AEEZEN LPS S BMEC B4R TNF-o BISS0H

fie  FAE

Sz Fdl s, LPS AV BEi ) TNF-a (P<
0.01) i EFHE S, RAEBR LY, 5 LPS Bl
AR L, AR AR e [T B 3 b AR Y
ARBRREZX TNF-a B 2E BUA 2 B30 6il4E H (P<
0.01),

2.2.6 AFREEX] LPS i T BMEC 41 4 J5E K+
IL-1B AYRZIH

FRARCL. 357 TR AR IL-1B & &, 45
12 iR,

52 g, LPS AR B IL-1B (P<
0.01) & it b 23, ROVEB L), = AR F)
HAR B RN IL-18 A& A I HI1EFH (P<0.01)
5 LpS AV A 14 B3, B A — i AR
HPE

O R R
T 52 R IREAR L, ™ P<0. 01, SHEERIZHA L, P<0.01,
B 12 KEEZEX LPSES BMEC 4R IL-1P BIE20E

oo

3 Zr5itit

APt LR R (FLI) 1B AL H & Y
ZRFAE IR, s g EILERIZUNESE R
SRR L T LT i, $L 28 S5 (AT ZL I bk, T 45
LA Lo ok BRI JF ST AE K
KRB RAFBER, HRBEILHIFELE 4, ©F
FEUESE, FLAR R 10 & 26 5 FLTT IR LRI 41 B AR 55 %%
YIRS 5 B SCRGERE & B, I A 2 A AR
F PRI FLIR R WA FBLTIAR ST .

Z 5T A B 45 25 B 2F o B, 3O ik
ICAM1 .ERBB2 _EGFR ESR1 .IL6 ,\TNF % 6 4.0
A, FHOCHFIT W, ICAMIL Sy 41 B 1) 8 B 43
T-1, AT, R 2 HiAES T, T 280
W, e AR ANMEREM", ERBB2 N
T SRR 32 14 2, R e A KA F 32 fk EGFR 1)
TG 2 — | i 2 R A 32 1A 2 (ERBB2) I A fi¢
PRI AN Y K T S AEY ) EGFR J& 3 A K
722 & (HER) KGR 5L . EGFR 9 2 A0)H 3l
T R AT P SR B, R R T S S R 1
FHA MAPK Akt JNK 38 %, ALHE & 5 H AT
fig, BT | AL FLAR b R 40 By o, 1 n e 15 2 X+
IR TNF (BiRE SRAE R 1) 3222 iy i 1k 19
W M ZH 1, NK 40 JF0 T ke i i, 25
T 2R & R AR R R, TNF-o 5854 0 B
T T ) JR e i R R s 1 B A R R O, R K
TNF-o XF A 25 il 8% e K 6 ke Y6 W e A 1A
Y TINF-a SR E T, S HA
FH R shaifil S oE S v 2 i Al LU E S 0 A E B
G PEVEGR I & AE . TL—-6 JRFK B 40 38 4 1 -2
o B AL T, 2 Th 40 Br 0 I Y, e —
PR T 12 AR Y2 00 P ) 2 D RE I 40 B R 7, [
IL-6 BEMEHE CRP A i) | IL-6 JRFR B 40 i o) 3 A
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F-2 5 B AL ALK, 2 B Th2 MR 7 i iy,
S PR Tz AR W2 0 M 2 T R Y A i R T
[l TL-6 BEAEHE CRP 2R3, DL b 4R 7R A R 5
B AT RBE L P A A RORE I R A

AR FEXT 0 45 24 B2 L A% OB SRR T 401
IR, R IMARFR R 5 6 %0 B8 A 1 % 2 2%
HReREBI/NT 0, RIEIK S Z k0T A R4 G, B
HHARZS AR leR > K 3 P AR RY/NT
-5 kJ/MOL, FHIE iU E 8, X 3= BB S5 A R 1k 229
B HA RAFAES A0 P TRt T n] 58 19 58 BAE
F o B FRATTHE WA R 5 2 0] g A VR TT FLAIR &%
ITTRL

R T TR A A R 2R 5 A0 I S A AR S AR AT
FiE— LT T UIREE £, 4 GO &/
S AR R ZT LR AR BRI VE F A2 2 2 A BEAL
Tl A SE IR, B4« 40P T B9 I VR T RNA R 5
113 2 1 B0 1R DL S R ek i etV T, AR
PE M 25 282 KEGG 2553 W , A RR R ARy 2L
eI B FH BE AR AL 8 i 0E B A% BB B B Bl ik ok i
WAL AF 5 B8 A N ALK K 42  JAK-STAT 55 %1%
4 JAK F1 STAT 2 IL-6 ( GP130) S A 5 1 vh it
MVFZ IR A A K Sk AT RO AR S 1%
SRR ) EE GRSy B AR 434 T DLk A
7, KA BT AN A A B, 5 ELRERS T Sk
RAER . BB T IL-6 Z547E80% S5 A B i
MR IRl 2 R e A — Ak, NITTBG 5 H B2
A JAK I, 5T JAK-STAT i#&42 , T A1HE%
YL TR T RE , WA 1L-6 B — R st
R FIPUIGFE ], HeAh, IL-18 B 5187 IL-6 Al
TNF—a , JfAR 3 11058 G B 43 F ICAML 1935 P, 1L-
18 Bl Ry B A UL 2 D REAR M X 7, i A B
SEPEPE T IL—1B FIl TNF -« 79 2 B DX - R 17 56
ik,

HEFTURSNAN M 52 56, J2 1 — 20 B0 E ) 465 24 3L 2
RO TN A B BT 0], A SR R T TR 240 e B 1Y)
AR Sr, LPS Z N R TR N My —Fh, 4
LPS HEAfe EAE PRI, &2 BER00; 40 = A 22
Pl R T, 10 TNF-o A1 IL-18"7", ML, B4
W2 R LPS 75 5 2R LR 1 5z 40t Fn /s BRAL
J - R AN R ST FLBR S AR Zead S FRAT
K, LPS (M it 2 wg - mL7 B, X} BMEC
LY 52 I 23 N RS . R IR Y W R E 10
pg - mL A ORI M 2 AR AR BB B OF H7E X

AHRBETT  TNF-o B B 1, Zead 2k 0F
7, AT B LY E R LPS & BLUk B Ch 10
g - mL7 DUSE BT 47 A R R X TNF - Al
IL-B By AR, S5 RR U, A b AR
i, AR R YRR 1 2 BRI L4 BT i 7 A (P<
0.01) , Hifl i Z B AF7E— & AR OCE, #E— 2D 5
UETXF LPS 5 5 BMEC 41 ffd % 4iE [ 7 — & /B H
R BREZE

2 FRTR, FoATHE T 00 2% 24 B~ 5 40 Jif S 56 AH
EEMITE, R T RBREL R IR LI R I HLEE,
W5 M, @11 JAK-STAT 15548, KR K A8
B 4ok AR SR A A A B, DR AR 2P RO,
XIS LR R T Re A —E#E B, RBRRERITIL
BRI AT D ( E B il 2 —
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1 AR LIS | B R ERE Ay 1 R 5

VA T2 <l U U E= 5 A U 7 -8
(RN EZ RS EER, M 5B 550003)

W OE. B RTH VIR AR TGS RS AARRALIE R, ik B SD AR KR, LS R S A, BT E G TR
20 AEAE T FARAL T A540(0. 0009 g/ke) # TE Mk AT 4L (1.35 g/kg) VB HAFLL(1.35 g/kg) , B2 10 R XA, BhZEH
ﬁﬂééﬂ&b,ﬁ/\z\éﬂkwﬁ% BMRILA A E 4 B, A BB, T RERLH &L R, A Ba BAREFF
EEARMAK, BB R T HBK A W e B v R St S BRI AR R AL S AR T MRS S, HE F E LR BRI T AL,
ZER. 5 gxt@abi A K R a9k TR R, SR AR K IR R E A S, o iF b =85 (TG) &2 B B
(TC) MKFEAEE G R B B (LDL) WA 3¢ 5% F A% 92 B B2 (HDL) 8 & FK4% (p<0.05,p<0. 01) ; X RN 20 R g By %4
R, S KL MK AINERF I, FIRBARR ALY 2 T IS H B F K, 23 TG, TC . LDL %A 8 %1%, HDL
BEHE(p<0.05,p<0.01) ; K Ao fs i T RN B &, DA BH T LB EHGERNLRARH LR, Eig. #18
Y b AR TR I R T AL, TR S AR B AR AL AL BCEATAERS 5 Kk, BAE R 58k Aa % |
KW M, SR SRBAARL, SHAE LA, KR
FE 5 %S R285 SCRAARIZED : A X E S :1003-6563 (2025 )01-0061-06

Hypolipidemic and anti—atherosclerotic effects of Polygonatum processed by a
new technique "

DAI Xin, YUAN Rongxian* ,FENG Fan,LIU Tingjiang, CHEN Lida, YANG Renhui

(The Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine ,Guiyang 550003 ,China)

Abstract; In this study we explored the hypolipidemic and anti—atherosclerotic effects of Polygonatum processed
by a new technique. Male SD rats were randomly allocated to five groups:blank control group,model group, atorvas-
tatin calcium group (0. 0009 g/kg) , new—technique Polygonatum group(1.35 g/kg) ,and traditionally —processed
Polygonatum group(1.35 g/kg) ,with 10 rats in each group. Except for the blank control group,all other groups re-
ceived oral administration of high—fat emulsion for 4 continuous weeks to induce hyperlipidemia. One week after
modeling , drug administration via oral gavage began for another 3 weeks. The blank control group and model group
received equal volumes of distilled water. Upon completion of treatment, blood was collected from the abdominal aor-
ta,and serum lipid profiles ( four items) were analyzed. The atherosclerosis index and liver index were calculated,
and HE staining was performed to assess histopathological changes in liver tissue. Compared with the blank control
group,rats in the model group displayed significant weight loss, obvious rising in atherosclerosis index and liver in-
dex, significant increasing in serum levels of triglycerides (TG ) , total cholesterol ( TC) and low —density lipoprotein
cholesterol (LDL) ,and significant decreasing in high—density lipoprotein cholesterol ( HDL) ( p<0. 05,p<0.01) ;se-
vere hepatocellular steatosis was evident in these rats. In contrast to the model group,rats in all treatment groups
showed significant weight gain, significant decreasing in atherosclerosis index, liver index, serum TG, TC and LDL
levels,and significant increasing in HDL levels( p<0. 05,p<0. 01) ;hepatocellular steatosis was significantly amelio-

rated in these rats. There was no significant difference between the traditionally—processed Polygonatum group and
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the new—technique Polygonatum group. In conclusion , Polygonatum processed by the new technique can effectively

regulate dyslipidemia, prevent atherosclerosis,and improve hepatic steatosis, with efficacy comparable to that of tra-

ditionally—processed Polygonatum.
Keywords:;
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Evaluation of soil pollution ecological risk *
ZHONG Xiang'? LUO Lin'? ,SONG Xiaoqing'*, WANG Wanjin'~

('No. 111 Geological Team ,Bureau of Geology and Mineral Exploration and Development of Guizhou Province , Guiy-
ang 550008 , China ;* Guizhou Geological Engineering Investigation Design and Research Institute , Guiyang 550008 ,
China)

Abstract: In this paper,the geo—accumulation index method and potential ecological risk index method were used
to evaluate the pollution of heavy metals in the soil of Sancha River Basin at the source of Wujiang River,and the
influencing factors of ecological problems in the basin were identified by combining the distribution characteristics of
heavy metals with the geological background of the basin. It is concluded that the soil heavy metal pollution in the
study area has close relationship with the indigenous zinc smelting activities in the region. The geo—accumulation in-
dex method revealed that the pollution degree of As,Cr and Zn in the study area was none to mild, the pollution de-
gree of Cd,Ni and Pb was none to mild to moderate ,and the pollution degree of Cu and Hg was none ; The potential
ecological risk index method showed that the comprehensive potential ecological risk level of soil heavy metal pollu-
tion in zone A,G and H was moderate ,and that of the other zones was mild.

Keywords: evaluation of heavy metal pollution, geo—accumulation index, potential ecological risk index
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Optimization of determination method for permanganate index in plateau areas
WU Yuping, FU Chengcheng, SHEN Huiying, YAN Jun, LI Haiying*
( Guizhou Ecological Environment Monitoring Center , Guiyang 550081 ,China)

Abstract .

oxidizable substances in water bodies. This article improves and optimizes the heating time for sample determination

The permanganate index is a commonly used indicator to reflect the pollution of organic and inorganic

based on the analysis principle of permanganate index and the boiling point in plateau areas. When the heating time
is extended to 35 minutes( start timing when water bath boils) ,the measurement results of the standard sample are
close to the true value. The optimized method has improved the detection efficiency and accuracy,and can be used

in practical analysis work.

Keywords: permanganate index,method optimization,detection method ,improvement
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Risk assessment and control measures of typical regional geological disasters "
ZHANG Huaxiang ,ZENG Mudan* | SUN Qianzheng

( No. 104 Geological Team ,Bureau of Geology and Mineral Exploration and Development of Guizhou Province , Duyun
550008 , China)

Abstract; To achieve precise evaluation of geological disaster risk areas within a county,to serve the spatial plan-
ning and important engineering projects within the study area,and to provide technical support for government disas-
ter prevention, risk decision making, risk control, and risk management, this paper takes Changshun County in
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Guizhou Province as the research area. Based on a detailed investigation on the number, types, scale , development
characteristics , and distribution patterns of geological disasters within the county,the information value method was
used to conduct a systematic 1 : 50000 geological disaster risk assessment of the entire county. A comprehensive e-
valuation of the susceptibility , hazard , vulnerability , and risk of geological disasters in the county was conducted. The
main results are as follows; the susceptibility evaluation includes four levels,i. e. very high, high, medium,and low;
the hazard evaluation includes four risk zones,i. e. very high, high, medium, and low ;the vulnerability evaluation in-
cludes four levels,i. e. low, medium, high, and very high ;the risk of geological disasters includes four levels,i. e.
very high, high ,medium,and low. The very high susceptibility and very high hazard zones are mainly concentrated
in the central part of Changzhai Street,where the geological structure is complex ,human activities are frequent,and
there are multiple collapse hazards. Under extreme rainfall or human engineering activities, geological disasters are
very likely to occur. The control of geological disaster risk and risk slopes is a dynamic process,and a regional risk
management system should be constructed. The evaluation results can provide a scientific basis for reduction, pre-

vention, and risk control of geological disasters in the study area.

Keywords: geological disaster,information value method ,risk assessment,control measures
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QuEChERS JEH LI UPLC-MS/MS 2 Hr gy &
22 Fhéy ity i

F E', L 9l sk EH X EHAM, EEwW, 24 g A
(1 SR AR BT RF C SeH SRPH 5500142 B A HTIIRTFSE R, SeM B 550014)

# E. 42T QuEChERS i:44LF A UPLC-MS/MS 247 I B P Ak it EwaRE £ R ALEHE T THH
%, #5%2 Na,EDTA-Mcllvaine £ 7 /5 ik v 6% T BR LRI AT A0 510 )6 LALS AT, WL C B B, 120 0.1% TR T
A2 0. 1% FEKA 2 mmol - L™ TERGER AR, W B, R EHTR(ESI ) 2# 446345 5 R KM (MRM)
X, AIMRER S, 2 AL ARIEEGT MERAK(r)EHKT0.995, % HMR(LOD)E£0.5~1.0 pg - kg BB, £ &
FR(LOQ) £ 1.5~3.0 pg « kg e B ;& P A& 3 AR AT T A EAAFEMGRIE, P oDk £ £ 76.6% ~107.2% S8 H , 485+
AR Z (RSD)FE 1.8% ~11.6% 6B, @it sr ERAFRAEN, AT EHE Bt IR TE.EFFEEEH,E54HA
Fa 2t 2% 04 B Bz & (Sulfonamides ) | &% &3 % ( Quinolones) }i@fﬁi’,%—?kc(Tetracyclines) B35 3K B AT AT AR

X4#17:. QuEChERS % ,UPLC-MS/MS, % i | %% 22 # £ 24 Quinolones

FEHES 0657 ERARIZED A X E4RS:1003-6563(2025)01-0078-08

Simultaneous determination of residues of 22 kinds of veterinary drugs in chick-
en and egg by QUEChERS combined with UPLC-MS/MS

YU Xia' ,MA Kai’, JIAN Yinchi', WU Xinwen' , HUANG Yonggiao' , WANG Qianli' , WANG Lina' , CAO

Junjie'*

(' Guizhou Testing Technology Research and Application Center , Guiyang 550014 , China;’ Guizhou Academy of Tes-
ting and Analysis , Guiyang 550014 ,China)

Abstract: A method for simultaneous determination of the residues of 22 kinds of veterinary drugs in chicken and
eggs was established by QuUEChERS combined with UPLC —MS/MS. The samples were dissolved in Na, EDTA -
Mcllvaine buffer and extracted by 6 % formate acetonitrile ,and salination and purification were performed before a-
nalysis. C,5 column was used for separation,with 0.1 % formic acid acetonitrile and 0.1 % formic acid 2 mmol/L
ammonium acetate water solution as the mobile phase for gradient elution. The samples were scanned by high voltage
electrospray ionization mass spectrometry ( ESI' ) under dynamic multiple response detection ( MRM ) mode, and
quantified by external standard method. The 22 kinds of veterinary drugs had good linear relationship, with correla-
tion coefficients greater than 0. 995. The detection limits were between 0.5 pg/kg and 1.0 pg/kg,and the quantita-
tive limits were between 1.5 pg/kg and 3.0 pg/kg. The spiked recovery rates were between 76.6 % and 107.2
% ,and the relative standard deviation ( RSD ) was between 1.8 % and 11.6 % . Through the detection of actual
samples , the method was proved to be efficient, fast, sensitive , reliable , and economical , suitable for the determina-

tion of veterinary drugs in chicken and eggs such as sulfonamides, quinolones, and tetracyclines.

Keywords: QuEChERS method, UPLC-MS/MS, chicken,egg,22 kinds of veterinary drugs
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VERE TR V2 10.0 wg - mL™ BOBRVERE A5 .
PUIRZEZE 10.0 pg - mL™" AOARMERE 55 W0, 2 VR B
BRAE(-18 CLIF) .
1.3.2  BZGREARER T

HEBRRS I 3 SRl it (AR A 259, T 20% &
7K (20 = 80, v/v) /E 2%, Horr i eSS | v i 2K R
100 ng - mLfl, LU N (BB ) b 200
ng « mL™ A AR HE W, 4 0 0. 10 mL, 0. 20
mL 0. 40 mL.0. 80 mL.1.60 mL.2.00 mL F* 10 mL
I EIR R, FH 20% 7K (20 = 80, v/v) IRA], I
ERZBZE,
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1.3.3 Na,EDTA-Mcllvaine B

PR A 89 (0.2 mol - L") . 71.63 ¢ 1Y
Na,HPO, - 12H,0 BAZKH (s Tk e il Ak
BT L AP (0. 1 mol « L71) CREFT AR R 14 i
I121.04 g, FAAEK, 2 ARE] 1 L; Mcllvaine 28
YRR B Mellvaine 625 mL(0.2 mol - L") 5F7#
2 1000 mL (0. 1 mol - L") IR &, & & 3 4;
Na, EDTA-Mcllvaine (0. 1 mol - L™") : F§ Mecllvaine 2%
W5 60.5 g #) Na, EDTA % T Mecllvaine (0. 1 mol
LU RAEAT, T pH (7 4.0, 174 (%
L 4 C) .

1.4 HSmaTa

¥ 2 g Frdil A5 R BT 50 mL A IRt
BRI RSB & T & 2 mL #9(0. 1
mol + L") Na,EDTA~Mclvaine Z& #h5; 73 4, o) Horp
IR 2015 (6% H R ) 10 mL, I8 HE, [ 2 A s n
M4 (Na,S0,4 g, NaCl 1 ) , 37 ZIFEAT iR 3 1k 1
min , 2R 5 47 5 min (EFEHEE 4000 r/min) AL,
1 6 mL 1 LG Z AL (900 mg BREREHF 150
mgC 43 ) H, BEWE 1 min, FEE 0 5 min (547 4000
v/min) , U 4 mL A BB E] 15 mL B0,
KB (IR 45 C) , REBELE T, EHF (L : K=
2:8)E 1 mLRFFHHE2 mL B0, B0 (5
# 10000 r/min)?2 min, BB EIEWGE B, FALIIEL,

1.5 BEMS

1.5.1 Akt

{6 1%+ : ZORBAX Eclipse Plus C,( 100 mmx2. 1
mm, 1.8 wm) ;F A B M 0. 1% H iR £ R 5 iR
WCHPE 2 mmol - L"), A M 0. 1% H R 2 G
V5 T - 0. 3 mL/min; AR .40 C ;e 5.0 pL;
JGizATifE 1.5 min;ﬁf’giﬁﬂ%ﬁ%%:o ~0.5 min
(10% B),0.5~2.0 min(10% ~25%B),2.0~2.5
min(25% ~50%B),2.5 ~3.0 min(50% ~80% B) ,
3.0 ~4.2 min(80%B) ,4.2 ~4.5 min(80% ~10%B)

1.5.2 JFuigaft

HLIBE S5 B IR (EST) , 22 RO (MRM) | 1E
B, B ANE R 3500 V, TR TS
40 pm,?d{;‘,’;ﬁ{,ﬁﬁ 5 [/min,:l:ﬁ'g SEFE 300 °C ’¥%
AL 11 L/ min, 85 IR 250 °C , BEHEHELE 500V,

2 HREHH

2.1 HEsar B

2.1 1 $EROE IR ERE

XS e DU RSB AL
FIVE R BRI R 258 - O S 25 8 H O
O L RE RN EEAE O R R BGRIRR B, 25 5
WEIRRE S ) B B 254, WM R BUROR . 22T ETEF
W o R 2 WS VAT S | ESS IR R S S U R Rk
IR 5% SRR (V/V) LI ZE R AEBh
VIR E S P e 4 28 29 FASRR 250 H 5% &
BR(V/V) CHENS T N4 e 38 28 b 22 125
Fofr-E 2 5% B8 R SRV A A5 S HE TN A A T 121 Fh 2
B 26, % M 28 261 HE D 2 76 TR P 63 R 2 5k
BRI, 1 Na, EDTA-Mcllvaine 2% s & G-,

ARSLEH 1(80% LMEKEWR) 2 (L) 3
(1% ZIRZNE) M 4 (1% W R 20 ) V8 R 3R BORI
P ZE, NE 1 PR, 1% B IR CIE RICRE S, X
TR Z AT 1% ~10% #4735 1, WK 2
7R W AT B AN AR, DUBR 2R3 6%
HR G ISR fe i, G 6% W IR & R /E MRk

mn B IBGRI R P B N A O | [R] B S 56 5 %
P I R B IO Y G &R, W RIS s o &5 R R B
. HBIGRE
=i
5 100
&3
& |
12
o
15 &
_kE
L 18
- 0 =
=P
o
B 1 REFMM®EL-1
130 7
120 2 . . i%:m"ié‘ﬂ‘:
wl viiiacd.as I
PRI ST S0 et PRI 5% WG
swi 3 U\ \gsgi oty Zlasdels
;;3- ! i E 2 ¥
= 50
40
30
20
10

123456780910111213141516171819202122
2FML L)

B2 REFIemA-2
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10 min A2 A #BRBGSCR b, Hod 1-22 S &Y 4
FRILEE 3,

228 A

0 5 10 15
100 : ; : ;
90 R . 490
A A AAA 2, Asa Aa
...‘..x.‘A‘...‘.xA...
&80 n = - 480 &
- S
R A
B0 70 =
60 460
50 : . : " 50
0 5 10 15 20 25
2FMEAEY

3 BEEMRKE

®3 1-2SLEWEWR

T UacE /A T AL /B
1 it i) PR A0S E (JJYMD) 12 BT A (ENSX)
2 e TR R IE (JIMD ) 13 HNTP A (HBSX)
3 ik —HEERE (EJMD) 14 I E (PFSX)
4 R A RE (JEJYMD) 15 HHAE(YFSX)
5 GHEELE(MD) 16 VHivh A (SLSX)
6 T BT (TWZ) 17 BFIP A (DFSX)
7 WRERSEREEE (LDQ) 18 IR A (NFSX)
8 BEMASFAMENE(LEJYMD) || 19 PUFRZE(SHS)
9 fHH F e Mk (JSEZ) 20 FEFE(TMS)
10 filifiwEmk (SZ) 21 &HFE(IMS)
11 i i (EJYWZ) 22 ZViHZE (DXHS)
21,2 SYBREAIAR IR PERI A

P ARSI e e SN N e = i1 [
JB, BE Bk 24 Tk H BRI, BRI B R
fIE, QuECKERS 75 EL A5 i Ab B JE 101 06 452 1 fif
B AR A AR, — T BRI C
PSA GCB %5177 PSA n[Wffl &8 &+ & JEN
FR AN LA AR M A HLIER S5 24 TR, € 1T AW B i 1y
SRR Z T ARSI X DU Rl O R AT X e
(F£4),

x4 DHMETRAEGENEERS

44 AT Sy AL S

dg BRIREE 1g SALHN 1g
Q1 FHEIREH 0. 5g F1 IR — 1200mg BRHREEHI 400mgPSA
S
Q2 4g JKBRFREE 1g ZFRHH 1200mg B FREE A 400mgPSA
03 4g TC/AKBRIRH 1g ZTR%H 900mg BRAREN , 150mgC,; ,S0mgPSA
04 4g TKBRRREN 1g LR 900mg BEMREHHI 150mgC.

DU 2 Xl A e R v 5 ) ISR A R (L Q1
ZHFN Q2 AT IR KR IS R LT3, Ao Mg
FPUFR RIS BDTTE . HIE 4 AT, Q4 ZH Y [mlik
RILRE T Q3 41,28 PSA, (AL, Mg fb ik
B Q4 4,

S IE AT AR P AL

100 A

W L

S ey
[FICRY 1%

N il | I I
011 !Hiii:lIIIIIIIlmIl!HHiHIIIIIIIlléliii

B4 5EEHEFERSERRA

2.2 EIELAMRA

TS MBI  DUIR A A p g 22 5
R K, RO M A 2 T, A PR TR AR AN TR
A5k 38 PR R 0RO 6 BT S I R AN, SRR T
1.8 wm RN C ok, o Ay i Fe 2 1] €35 A X
HERPIEAT 08 . i O TR B RE G JIR S AH X (2,
TEAERY TR B RE T, S A B AR, I B 56T 50
mm F1 100 mm [ ZORBAX Eclipse Plus C,;(100 mm
x2.1 mm,1.8 pm) %4 DL A HAVH. HEE 4
1 .0. 1% W R ORI WG B KA 0. 1% H R K |
0.2% HHRIK 0. 1% HFHERZK & 2 mmol - L™ ZFREZH
WA B RE S5 S5 R WL, 7E 100 mm (A3
b S E Y R o B EERT B 0. 1% HIR I
PR A 0. 1% WK E 2 mmol - L7 CFREH
TLBIARRT o3 B BCR AT, B B Nl e
W7, 7] ZORBAX Eclipse Plus C,( 100 mmx2. 1
mm, 1. 8 wm) EEFE U BT 58 RS HT I B ET 7E 6
min P, 38 G FEM ALALEE, S FNE 6 A S
WS TR A RS R B TR MRM (3% ]

2.3 RS

DB R RO, AR H AR 4 e N AR AR 5
FEIE S T 20 S AR SR X 22 Fh 8 245 0t 47— 2%
KB F([M+H] ") B A 2 )
0, AT B A HEFL R B 40 U B S
e g O IO B2k M 7 TR ) B 2 1 ) L B A
N REPERS FRE B, Ak Ak 7 B Y Rl g
P R AR ROR, A HAL TS S8, 745
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U4
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T T T T USRI y T L ™TT T
02040608 1 12141.61.8 222242628 3 323436384 42444648 552545658
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02040608 1
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5 FRRE EEmMENMMNAERXLEEFRE

x
3

G i g e En Daonn e g n =

BEN R

Do g = o

o

o

= —

Elo bR EFMAEMMIFELE MRM B

RAERI B AT (R S5) .

IRNUDIE S I 40— F A

I
By

RS 22 FEZGH MRM R ERESH

PREAI ] T

TET  HLRE AR

Hinfb & .
/min  /(m/z) /(m/z) /v /eV
WA R ENE 2,910 2811 92.0/156.1° 100 15/28
T e PR S m e 2.143  265.1 92.0°/156.0 110 15/25
e — B g e 1.293  279.0 92.0/186.0° 120 15/25
B ) — B EMERE 3.383 311.0 92.0/156.0° 141 16/28
e g 1.608  251.1 92.0/156.0" 100 10/22
T e G e 3.154 2540 92.0°/156.0 100 10/25
b e A 3.017  285.0 92.07/156.0 100 10/25
BRSSP MEnE 3,141 311.1  92.0/156.0° 130 20/25
T e FH e — i 2.536  271.0 92.0/156.0° 90 15/25
T e g s 1.867 256.0 92.0/156.0" 100 10/21
Tl T SRR 3,242 268.0  92.0/156.0° 100 10/20
Birt & 2.594  360.2 245.0/316.1° 120 20/30
WA A 2,372 332.1 231.0/314.1° 135 20/42
HERU A 2.345  334.1 290.2/316.2° 130 20/16
ARUAE 2.308  362.0 261.1/318.1° 130 15/26
VI A 2.843  386.2 299.1/342.1° 130 20/27
N R 2.469  358.2 340.2/96.0" 140 25/25
R R 2,292 320.0 233.0/302.1° 130 20/25
LTS 3 2.512  445.0 427.0/410.0° 125 8/16
TEE 2.306  461.2 426.07/443.0 130 8/16
EHE 3.083  479.1 462.0/444.0° 130 16/19
ZWHE 3.138  445.1 410.2/428.2° 105 20/25

I AERET,

2.4 FikAFCHAREN

2.4.1 ZMERR Kl FRANE R

ARSI R A5 (5 VC B AR AR AR A s v 26
(AR EEZE g 2. 00 ~40.00 pg - L7 BN
1.00 ~20.00 pg - L™ PUFFZEZEH 5.00 ~50.00 pg - L),
E T 0 £ 15 RT3 2% 0 R o, o T VR B (x,
pe - L7 FHIGEEA (y) MERIEZE, W3k 6 s,
22 Fs e | DUPR 2RSS R 2R 25 ) A 4% A I 2R
P D) B B i 2 M A S A G R AR - #F
7£0.995 DL b, FEpCIERE b 3B A S R K
TP o D E M S E M L (S/N) = 3 MRS
R BR A HAEME L (S/N) = 10 FEATIAE | e 3145
22 Fh B2 AR ARBR R (0.5 ~1.0 pg - kg™') , RS
MrRBRZE 1.5 ~3.0 pg - kg ' Z ],

®o 2 MEHWEMEFEMEXRY(r) RHRRESR

B 15
. LODs/  LOQs/
Bk TEYE:: H M . .
(gl - (pgke™) (pgke)
WM HWEE  Y=1231969.44X-12706.24  1~20  0.99 0.5 1.5
i Y=307292.65X-27017.59  1-20 0.9 0.5 1.5
il Y=183903. 13X-10557.47  1~20  0.98 0.5 1.5
BACTALRENE  Y=462191.03X+35687.91  1~20 0.9 0.5 1.5
R Y=1040956.93X+302182.87  1-20  0.9% 0.5 1.5
5% Y=102163.61X 2-40 0.9 I 3
FAE Y=1672645.55X+855306.53  1-20  0.9% 0.5 1.5
HADE Y=2064270. 17X+984260.24  1-20 0,95 0.5 1.5
HHEDE Y=1858270.2X-1625939.8  1~20  0.995 0.5 1.5
IR E Y=1163844. 19X+441054 1-20 0.997 0.5 1.5
1753 Y=402069. 66X 2-40 0.9 1 3
T T e Y=212691. 54X-69012.41  1-20 0.9 0.5 1.5
BibE Y=1726245.08X+782455.81  1~20  0.998 0.5 1.5
W Y=602613.57X+72332.91  1~20  0.997 0.5 1.5
BRI Y=086034.51X+5625.93  1~20  0.9%97 0.5 1.5
T A R Y=187261. 18X-31213.2¢  1-20  0.99 0.5 1.5
PAIB75 S Y=502274. 73X 2-40  0.99 1 3
AR EMEIE  Y=0517770.66X+1442687.98  1~20 0.9 0.5 1.5
B e Y=400645. 94X+103959. 44 1~20  0.997 0.5 1.5
BERG T HISEREIE  Y=049303.44X-27500.61  1~20 0.9 0.5 1.5
BRI Y=1522308.04X+929091.54  1~20 0.9 0.5 1.5
73 Y=409906.93X-334064.03  2~40  0.9% I 3

2.4.2  JIBREIACR KRS % 5 4%
TESE IR I, DA o AR 3 AR &, 40 )
IOAE P 3 R i B —Fh NIk EEE 6 1K,
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i 1.4 FRIP - T AER A, IF 40 iR th R nds &EkT
(SR KPR XA M 25 Tl e IS | mds i ) 218 R b HBE WRIKEE MR RSDs||HAR VIKEE MR RSDs
. . KA Y /(pg- k) /% /% |EY (pg ke /% /%
HRERPEZERNB TR ERSNHS ~100 ;:@ (ng k™) /% /% B0 /pe-ks) (/%
_ _ _ . LS 1 91.4 7.3 1 97.5 6.4
pg - kg5 ~100 pg - kg™ 25 ~250 pg - kg 2tk FE s 65 |BF O, g7 60
A, r=0.995; i A %) b bR 4612 ISR Sy 'fu““z " 107' ) s i " 083 26
e . I 2> Sz
79.9% ~108.2% ,FXFRUEN 2 (RSDs) M 1. 6% ~ . : 53 9.0 | 00 43
s e N i e ' ' : :
10.6% . X—%%*ﬁﬁﬂﬁ%ﬂ%%@ﬂ%&@%?%%% 3 4 9.6 6.0 %Fﬂ— 4 87.2 8.3
yANg =1 -1 -1 3% [l DR
S5 ~100 pg - kg™ 5 ~100 pg - kg™ 25 ~250 Rl 10 106.9 1.9 10 9.8 2.6
ng - kg RPEAOCHE B, r=0. 990 ; IR 7E 45 9 B 1 87.8 7.3 - 1 98.5 7.6
£7 22 HEHNEHERRIIEEE :$ 4 9.4 T8 g 4 9%.7 3.9
: —— —— M 10 100.2 2.2 10 100.3 3.2
Fedh BE  WIEEE BEICR RSDs||[HAR BINEEE R RSDs o
KA Y S(pgke) % /% | S(ngoke) /% /% |};j\# 1 7.1 7.0 - 1 92.5 7.4
T - 4 8.7 7.4 || 4 9.3 4.8
A 1 83.7 5.1 1 94.3 9.8 Cik=) WE
i it EI
Eﬁﬁ A 089 81 31; A 088 76 Wil 10 93.9 2.7 10 9%.6 2.9
Vg 4 1 8.3 7.8 | 94.8 7.3
I 10 108.2 3.3 10 88.8 2.9 - -
h ik 4 5.9 7.6 |0 4 8.4 8.5
W 1 8.2 9.4 1 106.2 8.0 W : Pl e
v A w1 76 TTE A 04 73 10 86.5 3.5 10 87.0 2.8
e 154 A
T 10 9.7 5.4 10 88.8 2.9 fififtz ! 89.8 65 K ! 81.9 7.0
. : s 61 } 1 P WE H;EE 4 0.2 9.1l 4 9.4 5.6
iy A %1 9.0 (Tg A w1 o1 10 95.0 2.0 10 88.2 5.7
I A 1 s
e 10 97.0 3.6 10 2.8 1.6 i3 ! 380 R 1 e
;Fgg% | B0 89| | 975 6.7 ’%Lﬂzéﬂat 4 949 8.6 |0 4 83.6 6.6
= A $3 90 ilkﬁk . 9%6.0 74 ﬁ 10 95.8 1.8 10 98.7 6.9
i DR iz 1 8.4 9.7 2 80.2 9.8
W 10 9.7 2.2 10 93.5 2.8 - DR
: %63 o4 1 %52 50 iy 4 0.1 5.3 |, 4 95.6 6.3
i YR 2 10
EE 4 9.3 5.5 Z;’ 4 93.8 9.1 e 10 2.6 21 2 .2 78
10 106.4 4.2 10 95.6 3.0 il ! 9.5 8.1 i 2 8.2 89
TR i T
TR 4 8.7 1.3 ’(T,q:,: 4 9.2 6.7 0= 2 s
S E =N
" 0 004 37 " 053 4.0 e 1 89.8 9.5 o 2 85.9 11.5
e 1 89.4 7.2 - 1 9.1 6.7 WES ;L zzj z; ES 240 jz: :j
C U .69 |0 4 9.9 8.7 o L= 2 O
. g it i
% 10 98.5 2.1 10 97.1 4.7 —p ! 100.3 7.6 L0 2 o4 9.3
R | 85.5 9.0 2 85.6 10.6 P 4 0.9 7.0 s 4 92.3 8.1
L PR s 10 95.9 3.0 20 78.9 9.0
o 4 95.9 2.9 | 4 98.9 9.3
W 10 98.5 3.1 20 86.6 5.3 .
Hle R ERE ey PR FOR g 76, 6% ~ 107. 2% X
i i - : - : : —vp N A =N ((PAN=!
T 9o 82 i; ) 003 13- PRl 2e A 1. 8% ~ 11. 6% , K Hi BRI E & R 43 5
- ES > -1 -1 =T
g 10 %6.8 2.7 20 9.9 3.1 H0.5~1.0 pg - kg FI1.5~3.0 wg - kg™, B0 2
1 9.2 9.1 2 9.5 7.6 GB/T 27404—2008 { SZ56 % i s & il A £ i 2L
fifi b &% A 22 (30,32]
o 4 7.8 4.8 %, 4 87.6 6.2 FEr Y B KR .
10 85.7 4.9 20 79.9 2.7 2.4.3 LT
y . . g
i 1 95.3 1.7 2 86.8 9.5 i ’ .
—i . 6.3 ss|PH . 1002 8.7 FEFRN (ME) 2 B R HEEN R
Eﬂ/ﬂ‘g ’ ' ﬂ:? ’ ' I\ o P 0N N o
" 10 9.2 3.9 2 86.1 3.4 — AL W i A % 5 B0 A Sk R B AR Y

(MF) 73 5IR FHEE R bR A Sombs h £k, A ] 4%
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R A BAnfb A Y0 00 B 5 B, 15 F A it 2t
S BTN, 4 MF T 1
AFAEFETGE W KT 1 B E T, FEAARVE R e ;
AN LB, A, A5 A RS R T S S Y
PURRZR A PN, MF Ay L 5 UC e b v il 2 174 kR
Sal s R E R B AR A

2.5 FFom KRN

WRIBATTE W e85 XS 1A 30 LU, 154
30 HEUHEATALI , SRS A TP 2 SEUCR: Hh AR
WE SN 180 g - kg™ 152 pg « kg™ A
1 LA I B VD B &8 130 pg - kg™, HAHE
i S AR BRI AR A R

3 #ie

AR HL Na, EDTA —Mellvaine %5 W #4743 %,
6% PR LG WAL, MA 4 ¢ GRiREN A 1 ¢ E 1k
BHERHT, I 900 mg BREREHAT 150 mgC W FHF1E1L
A5 H A ] UPLC - MS/MS XF 1A X9 il &5 2 ik
i WA A T R DO P 3 S 24 0y R A 7 bR | A A
NI 3 Fh B2 5k B 0 i AL TR A PR
AT Atk SR R R LTSRS % B R
DN BRIIAF A5 T 6] 45 245 58 B ARG I s o 5 SR i ]
S SRR RN BEAR S IR A . PRI e 1 X

PR RIS R ARG 9 A 0 A4 38,y Jo it 22 4 M i 4R I R
MR,
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Abstract: As a lightweight and high—strength structural material , Ti—=3. 5A1-5Mo—-4V has been gradually applied
to weapon equipment to meet the lightweight requirements. In order to further improve its comprehensive perform-
ance , promote its development and utilization in the field of aerospace and weapons,and guide the processing and
production of equipment,in this study,X-ray diffraction( XRD) ,scanning electron microscopy( SEM) , transmission
electron microscopy ( TEM ) and microhardness measurement were used to study the microstructure and properties of
Ti-3.5A1-5Mo—-4V alloy during isothermal aging at 500 °C. The results showed that the microstructure of Ti—
3. 5A1-5Mo—4V alloy after aging treatment was 8 matrix and secondary a phase precipitated on the matrix. The mi-

cro—deformation effectively promoted the precipitation of a phase during the aging process. After aging for 15 min,

the volume fraction of @ phase was about 40. 8 % . After aging for 15 min,the microhardness of Ti—-3.5A1-5Mo-4V

alloy had reached the peak value. With the increase of aging time ,the microhardness decreased gradually.

Keywords:;

0 3l

T

b AR A R AR TR R R PR AN A
TERESI I RTHE T, M D 25 5 W 2 A AR B RN B i ) B2
KPR AL ERE, SCBAR A B . M
TR A e B I R s A 4 LB MY 2 it
— BB e A $E T T 3 B T e A% A S i Y g
15247 0 IE B, v] BT R e A PR A
i 5HTHRRON , TR B 78 58 LA T o 5 2 £ Gl 56 B
MEHERT A B AR R R R R R
S8 SRR E LT 1), A5 AR ST i H AR
B HUER A 4 DRI L i B vy | L PR AR B0 | S ok S 0
SPERETE CHLEEH 1 IR | TR S50 2 M R 45l
RARGAFLTZ S HBEE L2 P &
J'& X B KA 4 o I A 25 A PR BE DT i 2
SROBR R R | B LR A MR RE DT B S e 1T

Ti-3.5A1-5Mo-4V & & V54t A A48 5%
ot MR B 1 S 24 AR A e s A B TR A
HHATE Ti-3. 5A1-5Mo—4V A RIAbBR P57 & B, Ti
-3.5A1-5Mo-4V & &R LR PIE K T KEAL
B TR RGBT BT —E WE5 4, 5 A 4R
I 72 Rt A L A A R S A R T o S R
ARREN ) BEVEAS T A R P B AR i A B sk
Jb AR a] DA AT AR TR A S A R Et EAIG o A
TEIRAZ i i i 2t () RE 22, FR0F o FHATT R, 42
BT o BT AIEAZ RS Ti-3. 5A1-5Mo-

weapon equipment, Ti—=3. 5A1-5Mo—4V alloy, heat treatment , mechanical properties

4V E 4 1A EBIF T S2 LA I AR AR AA R 58 X 42 11
MNP S R v S St B A I A & AR 78
b, A8k = B A SR NS, O IS SISO AT
NIRB AW A FFRER, K, AR SCF R
XRD  TEM ,SEM %5 43 # K5 I 5 Bt AF 5% ok 298 1 A8 T
XF Ti-3. 5A1-5Mo-4V & & Ja SLhI T AT M i 52
MIHE T HR 2, LA SRAS 4% Ti-3. SA1-5Mo-4V &
SN ITEE, N Ti-3. 5A1-5Mo—4V &4 W JHTE
A e A it —E e S

1 SEWMBETE

S TR FH AR R s e B Y Ti-3. SAl-
SMo-4V &4, HStha & & A Nk 1 Fis AR IR
BE244 820 C+5 C 5

R 1 Ti-3.5A1-5Mo-4V GE£HLERS (RESH, % )

Element Al Mo V Cr Sn Zr Fe C 0 Ti

wt. % 3.67 4.57 3.74 1.86 1.96 1.82 1.02 0.05 0.07 Bal.

R T ARUERT GG A2 s — 4k 34 514k SR FHE V)
EIMEEFE EYIEC 10 emx10 emx15 em HIHURIRAE
HRE IR 8 25 51 M HetRIAHEAE 850 C MR 1 h
SRIGHERT KIS LASRAS AT 50 B — [ S B AHAL
SUN SRR, 78 =T X B AR M 21T 10%
[ YEEARIE SR J5 N LT HIHL 66 mmx8 mm (4L
PRIRRE | 76 SAD AP v R 47 AN ) B[] 0 Bof 50 Ak 2
A B R 2R BB 45 R TG U



M BF 2 43(1) 12025

Guizhou Science

87

FH,HBCEEN V(HF) @ V(HNO,) : V(H,0)=1:2
27 B A ARl RAR L, R P BRAREL T GX51 St
B (OM) AR (SEM ) BEFTAHIMEL , ¥
AHIACR X S 4T S Ak AT, Dl 7 v, 4 5
PR Cu HE(A=1.5406A) , 5L R 40 KV, £14
RSN 2°/min, W3 AR B L Ry 25° ~ 90° 2Z [|], T
RFERUR K MDI-Jade6 B A% 25 #4773
M, TEM WZLE FEL Talos F200X % 5 B8 b 4T,
fifi HH HVS—-1000 £l = A B 310 2 2 QA B, >R
SN kit 500 g 77, ¢4k 20 s, FEEAT R4
I Z A, FEAREA I b b A TA o

2 ERERSHMW

2.1 HMEHBASENELTR

B 1 W EEA Ti-3. 5A1-5Mo-4V &4 4% ik
T 10% P25 J5 19 XRD &%, #1871, XRD
FIE T o FHAT ST G, A BB B AR AT 5 U | XoF i
T(110),4.,(200), F1(211) 4, XRD [ rhfi7 4 W1
FRE U TNB AT i R A & 1 R AR AR,
B MR — B A

B (110)
B (211)

Intensity ( a.

30 40 50 60 80 90

70
20 (degree)

1 Ti-3.5A1-5Mo-4V §&%2 10% =58
TS XRD Eif

A8 5 SRR

2.2.1 THESTEHRRF 500 °C 25 iR i &0k B sk A v Ay
FHAS R

& 2 M IR S AE 500 °C R G [ I a) 45 1
AT AL PR S ) X STt I . B mT 2, s e
FEMAERIRL 15 min J5, 5 B SRR A HLEL, B
R T BAH(110) . (200) F1(211) {1 FF % 7 B AT
SHES IE HB T o A (100) , (101) ., (102) K

(110) Irxsd 7 A9 477 53 06, Ut B e iof 2 L AR M B 314
T B AT o A S AL E) AE K 2 30 min
E, BT o M C112) & TfT BT 7 4 A e 0 i
£ IR ] B — 20 1R o AH (103) K2 (002) i T
TR RS A AT SR 028 T 1 B, IR R B T AR A A
HOLBI A o A SR TG S U6 | (RIS oo ARIART S 068 11 5
FEA RG9S R0 A v AT Sk e A 28 A i B 19 A
b, AR T R A B S BT 8GR A o AL
B IR R o AH BT X 7 A7 S 0 o 288 i B
(ARG, AT LA ) 15 B Bt 2 B 255 ] A R o BT 11
AHE G,

« (100)
a (002)
B (110)
a (101)

a (102)

B (200)
a (110)

(211)
«(103)

(a

Intensity

;

®
8

!
50 60 70
26 (degree)

2 TR 500°C E BRI R EEH

@
S

XRD Ei
2.2.2  TSTEARH 500 °C AR B Ak A B AR 4
A AR

B 3 RIS TR TE 500 °C B8O R Bs] Y
TEH, HER LR B, MBS RETER 15 min B (3
(a)), REMIRA o tHM B kLA B i A
A R AN AE B B B JCHT X, BT AR A 5
S #45] [l st R A7 AR B A A P AR Y e s
FRAE XRD 45 530 o b5 A5 e B vk A o AR AR AR
IEN 40.8% o MR ER 5 2 h B, IR «
AT TR G, e B A, S S M A e B %
b WA o HERF B0 67.1% , Ti-3.5A1-5Mo
-4V B EAE 10% T AR LA S b, BRI
TP 7 A B8R 5 IR J ) R R A R 2R AR I | MR AR AR
FFAE S TS (2 L R N R A7 76— 10
Bt , ik 2 it AR B 5 | A 4 o I A AT T A L
TE SR N EBAEfits— 22 2 1Y) RS TR AR B, 76 B IS 1 s
SRR, BT AR AZ A IR B0 7, RIS 32
TRERBE 2 O IR AR o AT H I AZ A, RS 5 R
R B A & SR E T T o
BT . P, BTG A0 T RRL S B2 FLAR



88 THS5MEFRE / Engineering & Material Sciences

543 45

FEAE ity IS RN ATT HH AR AN PR R T e B AR AR S b i
[[IF=22 R s

(a) 15min

(b) 2h

B3 RERIXERE 500°C B3 A E At iE S
{&fE SEM BRIER

R T HE— 2% CR10 BE & (1 B30T R 47 45
M ARELT =5 T A SEM JES, an &l 4 R, 4R
B 15 min B, BT AL 2R K EEZ92H 100 ~ 200
nm , B RO E] A S A7 AR I TE S AR K,
MARZ 7 2R R RS s K, 5
AR 35S A AT H AR L3, ZEAE IR R LSRR T, 22
TR A AT A A RSTBEh 4l/S  SE I
FEMTE 2 h B4 B T2 1000 B 8 AH 1 B 29
200 ~300 nm , Bt LU A S RIS BITTE B R T H
AR BE R Tl AR B 5RE et 35S T A e A 4
N B TR U i ST AR B B, R FLASTE S8 N T B AR
o MRS TR AL B T i AS TR i R &2 3 T #7
R ATE B, B 22 04 A% AT S5 K A R i DT E
(RPARLAE , XS AT HH AR 0 R 307 A — e B R T

T TERE S AE 500 CHFRE 2 h JE BB S Kot &
SN S s HAHALR A BRSO AT HAH A {4
ARG, M AR B ERE 290 20 nm, 5 B R 0 4
T (HJE A B B 8 i A BT /)N , R 300 ~ 500 nm,
WESE TR ELAEIE REA RO i e B A R, BT
AR FLAR T F2 B AIG, B3 AR B A A
RAEARTY | [R5 8 B AR 3G , AT S B
AR AR — 30, A BT ER (I 5(b) ) L, TH]
F, o M AR B FEAAR Y SAED FIZ /R, o AT B
AHA AR Burgers B[] 5& 2 | - H. &y il ) ¢ R 02
[11-20],//[ 111],.

HICE DRI N, Al TCETE o M FEE,
Mo Cr F1 V ICRTE B A LB, BAMALBEI AR «
FHAN B AHZ A A TCE AT (B 5(d) ) , X2
AHABAH ARG R Y BOAE AT 2L 2 h J5 a8 5 F A7, A
T LR E AN K (a+B) BUAH

(a) 15min
SRR

L
\
A\

o
A O3
AR

4 PSRBT 500°C IR B B iE fE Y
SR ER SEM BRE R

(1-10p) #1100 ¢ 1) 1

W1-foo), -
.

.
"N A
v Z.=[11-20]

OOn!

(a) TEMESE%

10nm " Tii .

(b) SAED{EEE (¢) TEMWI7 5114

Mo
— Al

Atomic/%
Atomic/%

0 10 20 30 40 0 10 20 30 40

Distance/nm Distance/nm

Atomic/%
Atomic/%

1020 30 40 020 30 40
Distance/nm Distance/nm

(d) ZESTEM-EDS/3 7
5 IETARFELE 500°C B3 2h f5 9 TEM F28R

2.3 BEH Ti-3.5A1-5Mo-4V & & M
500 °C 4 i B AL A2 b RARAR B AL



M BF 2 43(1) 12025

Guizhou Science

89

& 6 NI Ti-3. 5A1-5Mo—4V & 4 1F 500
CFPRRAS TR ) S5 9 8 3 il Ak X e /&, el T
T B T R A s R Ak BT %) SF 34 A8 B (B R 300
HV B 15 min 508 B A 482 HV #2311 T UE(H , b
I A3 ] ) S A FE A T RE A B I 8 h
J& TR IRARERE EE 29 470 HV , FRAZU3 AT AT
AL RS AT DA R AR o AHAS AT IR {15
FE 15 min 5, o FHC KT 2F M-S S00E B2 R s
BN, Bl B AR (] B aE— 25 A B A TG
K, (HAHA B R ATR , [T ERE AR T 3k AR TR 18 1 W 28 A B
RO AR - 215 BINHAE , (A0 B2 i — 2D A

500 -

'

=3

=
T

Hareness (HV )

300

0 15 30 60 120 240 480

Aging time/min

Bl6 MERIREETE S00CHIBTEFBETHME

3 it

W E SIS E B X Ti-3. 5A1-5Mo—4V &
S PERET Y K B, AR B Ti-3. 5A1-5Mo—-4V
A 47 500 °C SRR TR 5 48U R B LA FI
IR AT AR A o A8 5 18088 T A 250 A2 32 15 28
R o FHAOHT Y B 1S min J5, o FHIREL 502
4 40. 8% ; FERTAL 15 min J& , TSI Ti-3. 5A1-5Mo
—4V £ 4 1 Sl SRR R L AR Ik B 0GR, Bl A R A5 A
(B 9 A — 2D AT | I8 R TR U )N

£ % 3 k[ REFERENCES ]

(1] (RIS TFHY . A A TF MM . &=
i Loll s Rt 1991

[2] SRAHR. B S JIEHOR [ M]. Jb 5t JE TR
JiAt,2014.

(3] MIAkik, dk/NIE, B 97, S5, T [n) B4 44 ol 2 1) S B 45
AR TEER [ 1], 25 KB51H,2023,6(2) :28-34.

(4] k. BoBias KT A 5 8 0 2 0 i 5 dl K g i A
FE[D]. B AL AU TR, 2008,

[5] TEats s, T, % KRR EABOHE
ARBFFELT]. Sedié s TR ,2017,38(12) :131-134.

(6] e, Bowll, 2], 45 i HER G S UFoT it e
(1], PR (8 Jm A4, 2015,25(2) :280-292.

(7] X4=W, skl X, 45 Bk G S et At K &k
AR U I 5 A e[ )] BRI TE 2441, 2015,27(3)
1-4.

(81 SR NCMS, #8 T B BR 4 B g it 25 1 2% 4 0 &
J—— R G S AR B IE M [ T]. o E AR R
2021,40(10) :790-791.

[9] IVASISHIN O M,MARKOVSKY P E,SEMIATIN S L, et
al. Aging response of coarse—and fine—grained B titanium alloys
[J]. Materials science and engineering: A ,2005,405(1/2) :296
-305.

[10] 2R MER, S, 55w B G & i
WEREER[T]. MBRHLER 2023 ,44(6) :46-57.

[11] GE P,XIANG S, TAN Y, et al. Studies on the B—a
phase transition kinetics of Ti=3.5A1-5Mo—-4V alloy under iso-
thermal conditions by X —ray diffraction[ J ]. Metals, 2020, 10
(1) :90.

[12] JI X M,XIANG S,TAN Y B, et al. Microstructure , tex-
ture evolution, and aging behavior of a cold - rolled Ti—B20 al-
loy [ J]. Advanced engineering materials, 2023, 25 (11):
2201776.

[13] LI T,KENT D,SHA G, et al. Precipitation of the o—
phase in an ultrafine grained beta—titanium alloy processed by
severe plastic deformation[ J ]. Materials science and engineer-
ing:A,2014,605 :144-150.

[14] KARTHIKEYAN T,DASGUPTA A,KHATIRKAR R, et
al. Effect of cooling rate on transformation texture and variant se-
lection during B—a transformation in Ti-5Ta—1.8Nb alloy[ J].
Materials science and engineering; A ,2010,528(2) :549-558.
[15] ¥EE 4,598 REUE PR FHEL Ti-3. 5A1-5Mo—
4V B G S BU S ERERI M [ T]. MORHAAL 322 )R 2022 ,43
(10) :27-33.

e #5 H #7:2024-07-01 ; & E H #5:2024-07-08

E€WA . st RS (2022-050)

YEE T SRR (1988-) , Lo B+, G AR I, W 5507 170 . il S 45
il ERA A R AR

ABREE . EER(1989-) , 5, Wit m g Sy in , o 75 1) bk
Zhkg 5 VERE MRV b 5B



90 THREMEFELE / Engineering & Material Sciences 543 45

SR AN BE M BT LA B TR 5

H— A

(PR BESBHA R, SR SREH - 550002)

OB, QLR ARSARTIERGREAZA R T, B3 23 F A RAEE T T M AT X555 A 2 500 %
HEEBAAHRBAE LG A SR, FHERASELENELT, BE TSR LKL SRIET K, BRDEHTY
RTVAK KB E D BOHE R AR, i T D 2 MR T AR DAL FI AT 35 b 2 B3RS M B K at, iRt P R iZ 4 4
FLARGE TR B & B8 B A AR L, i e B RARRIR AR A, BERERTHA G R £ M AT X4 — 2 89

e B L
KR TR, RHE s iR B TS AT

FESES . U443.2 X EkFRIZED : A X E 485 :1003-6563 (2025 )01-0090-04

Design of M—type portal pier for highway
HONG Yizun
( Guiyang Filiale of China Railway Eryuan Engineering Group Co. Lid. ,Guiyang 550002 ,China)

Abstract .

lished to compare and analyze the internal forces between two side piers of the M—type portal pier under rigid con-

Targeting on the design of a highway bridge over a municipal road,a finite element model was estab-

nection and release constraint conditions. It is concluded that the temperature change has a great influence on the
rigid connection system when the height of the pier is low, and releasing the top constraint of the side piers can
greatly improve the internal force conditions at the bottom of the side piers. Thus, the structure size and engineering
cost can be reduced. It is pointed out that when the superstructure load is large ,the stress conditions of the piers at
each stage should be simulated according to the construction sequence,so as to determine the tension sequence of

the beam steel bundle. The research results can provide reference for the design of similar M—type portal piers.

Keywords: portal pier,statically indeterminate ,tension sequence ,temperature ,comparative analysis
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W E. AN K5E M300RTK RAMBEHARE Pl =6 KRB S0 HEOHBEHIE, AL RIE Ykt me 2 2
FFAEMR ., A I B I SUIN AT @ R B A M R BB R 3, AR AN R A B 4 A WayPoint Master 4
AT ARON 2 S B S IR AT SO IR G ATALL, , R A R 5875 B Sk 2t AR B M 2 = Yol AR | K UG JE A o 32 BOBON & 50 KMZ 43
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KR, BABINZT, ZHEFHEEY RBERA MG EHEE

FESES . TU198+.3 XERARIRED A M EHS:1003-6563(2025)01-0093-04

Application of close—range photogrammetry in defect detection of exterior deco-
rative layer of high—rise buildings "

NIE Xiaopeng, GAO Wenyi, TU Kaisheng , SHI Wenfeng

( Guizhou Construction Science Research & Design Institute Limited Company of CSCEC ,Guiyang 550006 ,China)

Abstract; Using the DJI M300RTK drone equipped with the Zenmuse P1 gimbal , ultra—high—resolution images
are obtained to accurately restore the fine texture, structure ,and features of the ground and objects,so as to provide
technical support for the defect detection of the exterior decorative layer of high—rise buildings. To obtain the high—
precision 3D real—scene model ,the WayPoint Master software is used to set up a pseudo—ground orbit flight route a-
round the measured building,and the DJI Smart software is used to construct a 3D rough model based on the image
data. Then,the KMZ information of the measured building is extracted from the rough model, and a refined flight
route is established. Finally ,a 3D model with a resolution of 0. 63 em can be generated by using the drone and close
—range photogrammeltry. Practice has proved that close—range photogrammetry can accurately measure the defect ar-

eas and cracks on the exterior decorative layer of buildings.
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