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Preliminary study on invasive plants in cone karst depressions in Guizhou: a
case study on Pingtang County °

SHU Deyuan' ,GU Qingxian’ ,XIE Gang’* ,WANG Wei' , HE Shuiyun'

(! Guizhou Academy of Forestry ,Guiyang 550005 , China ;’ Qiandongnan Forestry Investigation and Design Institute
Kaili 556000 , China ;’ Guizhou Institute of Mountain Resources , Guizhou Academy of Sciences , Guiyang 550001 , Chi-
na;* Guizhou Institute of Mountain Resources Co. Lid. ,Guiyang 550001 ,China)

Abstract; In order to explore the background of invasive plants in the forests, grasslands and wetlands in Pingtang
County ,we investigated the status of invasive plants in the forests, grasslands and wetlands in Pingtang County by u-
sing the methods of field survey,interview and sample plot survey. The results were as follows: (1) There were 94
species of invasive plants in Pingtang County,belonging to 65 genera and 32 families. Among them, Asteraceae had
the largest number of species (24) ,accounting for 25.53% of the total number of species,followed by Leguminosae
(12) ,accounting for 12.77% of the total number of species. There were 7 species of Solanaceae and Amaranthace-
ae ,respectively , each accounting for 7.45% of the total number of species. (2) There were 40 species of annual
herbs, accounting for 42.55% of the total number of invasive plants;37 species of perennial herbs, accounting for
39.36% ;2 species of lianas,accounting for 2. 13% ;and 15 species of woody plants, accounting for 15.96%. (3)
66 species originated from America,accounting for 70.21% of the total number of invasive plants;12 species origi-
nated from Europe ,accounting for 12. 77% ;9 species originated from Africa,accounting for 9. 57% ;4 species origi-
nated from Asia,accounting for 4.26% ;3 species originated from Australia,accounting for 3.19%.
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Abstract .

(Fort. ) Carr. based on bioinformatics and molecular docking. The targets of Mahonia bealei were obtained from liter-

This study explored the relationship between Diabetic Retinopathy (DR) ,Immunity and Mahonia beale

ature and Symmap , Swisstarget and TCMSP databases. the GSE53257 and GSE60436 gene microarray datasets were
obtained from GEO,and the GEO2R tool was applied to pre—process the data. The data was evaluated by PCA anal-
ysis using the R package stats, and the R language CIBERSORT package was used for immune infiltration and
WGCNA analysis. The differentially expressed genes obtained from the dataset, the targets of Mahonia bealei, and
the immune-related genes obtained by WGCNA were intersected. The GeneMANIA database was used to predict the
genes related to the intersection targets and construct the interaction network map of the key genes. GO functional
annotation and KEGG pathway enrichment of the intersection genes were performed with the help of DAVID data-
base. Finally , molecular docking was performed to clarify the main active compounds in Mahonia bealei. Eight Hub
genes( CDK2 .CDK1 ,CHEK1 ,TP53 .CDK6 ,CCND1 ,TYMS and CDCA45) were obtained. KEGG was mainly enriched
in melanoma , glioma and cAMP signaling pathways. The proteins of seven of the Hub genes( CDK6 ,CHEK1 ,CDK?2 ,
CDK1,CCND1 ,TP53 and TYMS) were found to bind well to 11 compounds ( quercetin, rhodopsin , berberine , isorh-
amnetin, etc. )in Mahonia bealei by molecular docking. This study initially elucidated the relationship between im-
munity , Mahonia bealei and DR through bioinformatics and molecular docking, and provided a theoretical basis for

the clinical application of Mahonia bealei in the treatment of DR.

Keywords: Diabetic Retinopathy ,Immunity , Mahonia bealei( Fort. ) Carr.
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Mol ID Molecule Name 0B/ % DL/ %
MOLO005107  Ethoxychelerythrine 62.21 0.88
MOLO001458  Coptisine 30.67 0.86
MOL002904  Oxyberberine 36.68 0.82
MOLO001454  berberine 36.86 0.78
MOL001455  Tetrahydroberberine 53.83 0.77
MOL006397  Jatrorrhizine 30.44 0.75
MOLO004096  Epifriedelanol Acetate 31.18 0.74
MOLO001987  B-Sitosterol 33.94 0.7
MOLO008112  Bruceine C 31.38 0.66
MOLO000785  palmatine 64.6 0.65
MOL004197  Corydine 37.16 0.55
MOL006443  Stepharanine 77.79 0.54
MOLO003851  Isoramanone 39.97 0.51
MOLO004094  Britanin 33.73 0.41
MOL009295  Flazin 94.28 0.39
MOL008091  Yadanzioside I 61.13 0.38
MOL004763  Isoboldine 39.53 0.37
MOLO008089  Yadanzioside H 62.77 0.32
MOLO008110  Bruceoside B 56.54 0.32
MOLO000354  isorhamnetin 49.6 0.31
MOLO008077  Yadanzioside B 46.16 0.31
MOL004093  Azaleatin 54.28 0.3
MOL008093  Yadanzioside J 38.7 0.3
MOLO08105  Yadanzioside P 58.76 0.29
MOLO000098  Quercetin 46.43 0.28
MOLO008097  Yadanzioside L 31.37 0.27
MOLO008099  Yadanzioside M 45.04 0.23
MOLO001495  Ethyllinolenate 46.1 0.2

DEGs RIS
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binding ) SFHHIC 1 43 DI e HE SE AT
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w— ooe
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B OE, RARBSEERTRELG WA ZmE—FEH L. K& G L L (Acanthopanax senticosus var. taibeiensis X.
Q. Liu,S. K. Ko,J. Luo,et C.S. Yook) , #Z#F 5 #| & he (Acanthopanax senticosus( Rupr. Maxim. ) Harms ) % 2 £ 5 A 4844, 4237 &
MELZABHMAZATLRKAEH T HEFLOERL, —HEH Ko, XFAFRAGHEHELATT Fmsbit, FREY
G, RIEMRAFATHom T EHKFARRE,

KR, KaaL£ i Amt HEMN RGP

RESHS:0949.763.2 XEAARIAAD:A MEHS :1003-6563 (2024)02-0014-03

Acanthopanax. senticosus var. taibeiensis X. Q. Liu, S. K. Ko, J. Luo, et C. S.
Yook ,a new variety of Acanthopanax Miq. ( Araliaceae ) from China "

LUO Jiao' ,CHEN Yang', YOOK Changsoo’, KO Sungkwon’ ,LIU Xianggian'*

('School of Pharmacy, Hunan University of Chinese Medicine , Changsha 414018, China;’College of Pharmacy,
Kyung Hee University , Seoul 130701 ,Korea;’ Department of Oriental Medical Food & nutrition Semyung University ,
Jecheon 390-711 ,Korea)

Abstract; Acanthopanax senticosus var. taibeiensis X. Q. Liu,S. K. Ko, J. Luo,et C. S. Yook,a new variety of Ac-
anthopanax Miq( Araliaceae ) from Baoji, Shaanxi, China is reported. The species is morphologically similar to Acan-
thopanax senticosus( Rupr. Maxim. ) Harms,but can be distinguished by its stems alternate with short and thick tri-
angular white thorns,and the back of its leaves covered densely with white hairs. A detailed description of its mor-
phological characteristics and color photos are provided in this paper. The voucher specimens are kept in the her-
barium of Hunan University of Chinese Medicine.

Keywords

Acanthopanax senticosus var. taibeiensis X. Q. Liu,S. K. Ko, J. Luo, et C. S. Yook; Araliaceae; new

variety ; Shaanxi; China

TN & (Acanthopanax Miq. ) & T HNE}F ( Arali-
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HAb b X AN ENEE 28 [ AR 0 AR AL H0 R A I 2
WAL WY KZ A RIFHZEm
FAOME, oot R 22 rIAE RS £ 0, a4k Fom )
T KSR TN BOE SO, = o HER ST
YR, AnAAT o RO A O AR 2K

PGS T, EOMGR T 2 M) 1 B
I 53530 Ry A O e A ) A8 A O Acan-
thopanax gracilistylus W. W. Smith F1H| FL /I Acantho-
panax senticosus( Rupr. et Maxim. ) Harms fJHR S #
25 BATRE BRI | &b 45 AT B o A B R 2K b
(LB ) 7 A SR RM B2 L ) (4
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S 2009—2021 4F 2 YTERRPY S K 1l f
I E A S IR A R rh, A B T — o T
JEAEY A AR R R B, 2 I PR ER R
AR ALY BE5E L % CHANG SO0 YOOK
PS8 R TN — A2 b i 44 9 oK B T
(Acanthopanax senticosus var. taibeiensis X. Q. Liu, S.

K. Ko,J. Luo,et C.S. Yook) . F-TLIRIE,
1 FASHHE

UNSISEEE V@ i

Acanthopanax senticosus var. taibeiensis X. Q.
Liu,S. K. Ko, J. Luo, et C. S. Yook (Fig 1)

Acanthopanax senticosus var. taibeiensis is similar
in morphology to Acanthopanax senticosus( Rupr. Max-
im. ) Harms, but differs from Acanthopanax senticosus
(Rupr. Maxim. ) Harms in its stems alternate with
short and thick triangular white thorns,and the back of
the leaves covered densely with white hairs.

LS R O AR R ) FE A L AL, —
/N A I S IRE , bRk
PR ER O K EAERTE, HEEXHIET B
FEO2E BH AR ) RO B = AR ) (R
ey ey I NN S AR /N N e SN
R ;s & EA O E(REMTRLE),
RN 1 R,

A-TERR; B-25,
B1 REm

(Acanthopanax senticosus ( Rupr. Maxim. ) Harms)

China. Shaanxi(BEPE) : Baoji( F59) , Mount Tai
bai (K1) ,Mei County(JH£ ), Alt. 2260 m,in the
bush of Betula albosinensis Burkill ( T HEMR T 17 A
M) 2009 - 10,2021 05, X. Q. Liu ( X1 [A] A ),
20091006 ,20210508.
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o NEORE 6, TR BRI M 5,7 3 ~ 4, 0t
RS AR ], K 4 ~ 10 em, /NHRRA H
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WP AR ; AETR B €8 2 vk 1 8, SR TR AR 7 AR AL T,
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B2 KBBERM(Acanthopanax senticosus var.
taibeiensis X. Q. Liu,S. K. Ko, J. Luo,et C. S. Yook)
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# E. BHNARLARREMEIFAILA) G EE SR, F ik B R AEFRREF S HRATRSFR, Fik: 2
AN AR AT 4T R B AR R L 6 o A SR B il 3 4 A L5 AR R R ik AR A A A AR R il E 1LC
—MS At AR S AR BRAT A ST, R AR TR BRI A0 GRIE RS G A RRRENE AR AP S
RIS T AR R A LC-MS A S WA RE T, 6B ERY T IBL K IV E o RHAfFhi A8
BRATEN HLERIFTEDFYIR, G ARG b B 3B 3t X R A5 Mg ) & 608 97 R &R, THEZ A P o
BB B A 2B ARKEBENSYRIELTRHNER,

EE: AR REOE, Gk E Ry

FE 2SS R285.5 SCRRARIZAD A X E SRS :1003-6563 (2024 )02-0016-07

Screening of the best active part of Lespedeza buergeri Miq. for the treatment of
traumatic chronic wounds and analysis of its components *

SONG Xuanfei' ,XIE Huan', ZHOU Bin', YANG Fangfang'*” LIU Yao'?”®,XU Jian'?®, ZHANG Yong-

pingl,Z,SA

(! Guizhou University of Traditional Chinese Medicine , Guiyang 550025 , China ;’ Guizhou Ethnic Medicine Transder-
mal Drug Delivery Engineering Technology Research Center ,Guiyang 550025 , China ;” National Engineering Research
Center of Miao Medicine ,Guiyang 550025 , China)

Abstract: We studied the effect of different polar parts of Lespedeza buergeri Miq. in promoting the healing of trau-
matic chronic wounds,and selected the best active part to study its composition. Chronic traumatic wounds were es-
tablished and Lespedeza buergeri extracts of different polarities were given to screen the best active part by the degree
of wound healing. The best active part was analyzed by LC—MS full spectrum analysis. The results showed that the
extracts of different polar parts of Lespedeza buergeri had different degree of therapeutic effect on traumatic chronic
wounds , among which the petroleum ether extract had the best therapeutic effect. The results of LC—MS full spec-
trum analysis showed that the petroleum ether extract contained large amounts of fatty acyl, flavonoids and isofla-
vonoids, carboxylic acids and their derivatives,,coumarins and their derivatives, etc. In conclusion , the petroleum e-
ther extract of Lespedeza buergeri was most effective in the treatment of chronic traumatic wounds in rats, probably as
a result of the synergistic effect of fatty acyl,flavonoids, coumarins and carboxylic acid compounds.

Keywords: Lespedeza buergeri Miq. ,chronic wound, petroleum ether extract
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it A G 7. 0329 o I BEAEBGRAL 7. 4185 ¢
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30 °C ;%% 0.3 mL/min; H S HERELSIRE 4 C

(3) Bk & F, MLWESS B8 T IR E f B8 X
— 2444 (Full Scan, m/z 100-1500) 5 504 4K
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/min /ppm 045 EpE CioH0s 123.03203 123.0319 -0.09  HEREMLAY
_ 2 H _ Gk " R
113,134 :J;ﬁi% CigHso0, 186.07931 186.0791 -2.16 ﬂiwz B 081  AREZ 0, 15106333 1510631 -0.19  EEKEAY
21235 CHTHONEER CLHL0, 126.03169 1260316 -2.28 ik ,
‘ /\A@ »H0, g @E‘ M98 FEE OG0, 1204800 122,08 0.9 EEKIAY
3 .44 HHNEREE  C,H,0, 370.2008 370.2196 -2.39 IR 158
- , AH-1-0--D-
415097 KT CpHi0, 120.05751 120,057 -1.15 BEEAER 457179 Tﬁﬂﬁ; C M0y 13704768 1370475 0.22  HEZALAH
516,641 S CLHANO 12203678 122.0368 -2.47  BMim% o
6 419 IEm CHO, 619407 36.19% 0.7 IR 4 9.6 FHEGEER  Cillls 1905785 12907 -0.13  BEAAH
716496  FABEE  CHoNO 28216785 2821673 238 [GiEEE 41 7.0 RRE CHL0, 145.05276 145.0505 -0.03  EERILAY
§ 16413  WHMLE  CoHy0, 34211621 3421155 -2.46  Jelimek 481009  FHAZE  CeHL0, 143.0735 143.0733 -0.47  HEAMLAY
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gikR2 gx2
g T wur ARt mER SRR g g T puam AEL mRE SRR T p%
/min /ppm /min /ppm
49 712 FIEE CHLO0. 175.0093 175.0631 -0.01  EEHLAY 90 9515  BHEEZE  CeHL0, 2542458 2542043 -2.16  EEELAY
50 10676 (S)-MikE  CH05 27217763 221772 -0.62  EEHEALAY ol 11.68  SEEM  CuH,O, 280.24023 280.2401 -1.78  EFERILAY
516.689 &M C,H,0, 42832005 428.3283 0.78  AWKMAY 9 9.9 REEE CHL0, 24400384 2442035 211 EEELAY
50591 BEELER CyH,0, 28817254 288.1719 0.7 EWHULAY 93 10.056  SEEZ  CH05 3203514 32035 -2.3  EEELAY
53 9.849 BEE CooHi0, 415.34503 415,342 -0.33  HEELAH 04 9.0 FEEZL  CeH,0, 20212051 2021203 -1.65  EERILAY
S407.00  SEEF CLH,0,, 40347 4403436 -0.06  EEILAY 95 9.733 gz CsHp,05 23015181 230.1514  -2.16  HEELAY
55 863  SHEE  C,Hu0, 436.36035 456.3595 0.74  AWKUAY 9 6.8 FEHEAL  CyHus0,, 25422458 254.243 -1.61  EEEILAY
56 6.658 LSS CoHp0, 384.23006 384.2202 0.81 LAY 97 5.566 FEHEBL Cyly0, 268.24023 268.2401 -1.5  EERLAY
515366 WATILEE  CsHL0, 228.07864 228.0782 0.7 HEBEMLAW % 6.115 FEHEBR Cyul,0, 308.27153 308.2718 -1.13  EERILAY
58 6.732 BB CH0, 258.0821 258.0887 0.38  EEEEMLAY 9 8.4  KTHL  CsH0, 336.23006 336.2299 -2.37  R#EE%
59 6073 KBEFA Gy Hyu0, 25610994 2561094 -0.14  WEEEMLAY 100 6.277 wf CoHy0, 356.25627 356.2563 -1.65 %
60 6.339 BT CuHyp0y, 12210955 122.1003 0.9 SEEALAH 01 8285  HUHE  CH,0, 282083 282085 -1.76 SR
6l 7.74 MIREF CuHy,0,, 282.05282 282.0528 0.5 FARALAM 102 9.3 EEMEE CHO5 2802403 280.2401 -2.34 S
6 7.059  KBEE  C,H,0,, 270.05282 270.0529 0.43  EEEMLAY 103 10.854 BRH Cooll,05 42816825 428.1683 -2.12 Sk
6 9.138  WIFMEE  C H,0, 254.05791 254.0577 -0.05  EEEMLAY 104 7766 R CuH,0, 25607356 256.0735  -1.3 ST
" 68§n+7k§-7-o-g-n-anzzO” OAOT 6N 05 HEAEA 105 8.933  BERHEE  CHo05 200.07904 290.0791 -2.29  FHE%
WA 106 6.48  EEFHEH CoH,0, 5781443 5781428 -1.62 Sk
65 9.813  FHAZ  CH,0, 43210565 432.1057 -2.3  EWEUAY 107 11,058 ElmE#E  CHL0, 28604774 286.0477 -2.18  FEk
66 5.828 SWEE S CHy0g 318.11168 3181102 -2.09  EEBRMAH 108 9.05 S CeHp0g 29007904 290.0791 -2.06 S
67 1064 3'—%%%@@ CsHin05 326.19157 326.1915 -1.94 XML 109 8392  JkbkZ  CH0s 43613695 436,137 -0.23 SR
68 11.602 47-"MIEMEE C H, 05 18205791 182.0571 -2.14  HEHILAY 10 9.631 EWTHEEA  CH,05 3020465 302.0425 .07 S
60 7.051 4-ZHEEY  CH0, 23617763 236.1772 -1.99  EEHLAY 1111836 R-MEGE  CsHL0, 442,09 442,001 -1.38 SR
R S-FH-6,7-ZH CHL0, M50 Mo .l REEKAN 112 9.709 @%E? CoHio0p 256.07356 236.0733 -0.49 S
A 113 9221 HuUfiE  CH,0, 28406847 284.0685 0.07 Spl
71010006 7-BHEEE CH0, 222.16198 22,1619 213 HEERMAA 14 941  KRE#HIE  CH0, 286.04774 286.0477 -0.89 Sk
o128 WEZ CisHp0, 260.03209 260.032  -2.07  EEEMLAD 115 9.298  FElZEE  CH,0, 2700282 270.0529 -0.33 Sk
73 8.195 E17E3 CisHi0, 286.08412 286.084 -2.65  HERALA 116 6.229 A CyiHy00, 44810056 448.1007 0.35 Spl
o5 RILEE CHL0 30207904 3020791 -1 LA 17 9.7 EEFEGF  CyHyu0, 300.06339 3000634 0.94 Spl
PR 534 ) 18 8.514  HFHIE  CH06 3040583 304.0583 -0.17  FEE%
BT gy 0o PROT IROG -2 ARl 19 838 4-FHREIE  CoH0, 300.00%9 300.003 -1.46 FTLRIAEY
76 11155 JIBEE CuHu0q 208.07356 208.073 -1.48  HEREALAM 120 9.819 4-BEEFTE  CHO, 290.07904 290.09 -1.79 FEXRIAEN
7739 FHEE CoHyo05 304.09469 3040947 -1.06  HERALAM 121 7051 T-BEFTE  CHO, 272.06847 272.0683 -1.54 HEELIAEM
78010285 HEE M0, 178.02661 1780058 -2.12  HEEMLAD 12 5.4 KEBENE  CoH0, 464.09548 464.0958 -0.89 FEEMHMLEY
79 9.005 H R CisHi0; 178.02661 1780058 -2.52  HEEMLAD 123 10,474 HWEFE B CoH,0, 578.14243 578149 -2.22 BHEEMHF LY
80 7.0  HEME  CsHL0, 280.24023 280242 2.1 EBEMLAW 124 10.642 FMEHEZ R C,H,05 30207904 302.0789 -2.18 FEELIAEM
81 8.962 % CH0, 314.24571 3142454 -2.56  WERILAH 125 9.857 FEMEHE Gl C,H,0, 448.13695 448.1369 -2.41 FHELIAEM
8 917 WEaEE C,HL0, 1320426 1320405 -2.21  EBEMLAY 126 10.94  EFRE  CaH05 41812638 418.1267 -2.17 FEERIAHEY
8 6.319 ST G0, 330.24002 330.2406 -1.1  EEELAD 127 10.83  FEZ CoH0, 41812638 418.1267 -1.54 FEZXRIAY
84 6.257  AMERF A CyHy0,, 28225588 2822557 -1.47  EEERAY 18 10.074  FMEIRE  CHO; 30607395 306.074  -1.51 FUEEAMAY
85 7.683 BiE CisHig0, 286.21441 2862144 1.9 ERMLAH 129 6.85  SHEEE CH0, 316,058 316.0584 -0.83 FEEXRIAHY
86 12739 MFEX CoH0, 27223514 2,35 =211 ERALAY 130 7.4 BlE CoHO,  550.16864 550.1694 -1.43 FEEXRIAHS
87 9.865 i CsHig0, 188.10486 1881041 -2.25  SEAMLAH 13 8.13%6  MEEE  CH,0, 43210565 432.1056 0.18 FTELHAEY
88 7.805 FHH CsHin0, 256.24003 256,24 -2.05  SERMLAH 12 9.2 e CoH0, 59217921 5921798 -4.62 FTZRIAHH
89 6.254 5 CsHig0g 258.18311 2581829 -2.25  HkALAH 133 5.902 HifrE CoHO, 59419486 594.195  -4.54 FLZRIAHY
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gk 2

g T wur ARt mER SRR g
/min /ppm

134 0752 DL-KER  CoH,N,0, 448.10056 4481008 -1.46  SRFREIAiEM

135 0.88  D-WRME  CH,NO, 314.07904 314,079 -0.63 REEHAHH

136 2.098  L-#A&AR  CH,NO, 462.11621 4621166 -1.92 HREINHEY

137 1188 BB CH,NO, 358.14164 358.1418 -0.80 SRFNINHAM
138 0.818  L-MiEM  CHNO, 216.17254 216.112 0.4 BEBHGAE
139 072 L-HER CHNO, 320.12599 320,125 0.12  RREHAEY
140 1,123 N-Q-ZRFHA CH N0 270.05282 270.0528  -1.48  BFEIUAiEH

Xﬁ;:%;wj CoH,eN,0, 284.06847 2840685 -1.46 BMBILH A
142 14016 FER=TE  Cgln0, 242.0049 242.004 -2.04 BBEHFEY
143 9.7 FEMEZE  CoH,0, 298.04774 298.0476 -2.24  REREIUGHEM
1441334 WERE-SER CHoN,0,284.00847 2840685 -1.56 BRI
145 0.79 WM CHNO, 25405791 254.0577  0.05  BREREHAEY
146 15.348 ZRHBERR=TH CyoH,0 2700821 270.0891 -1.7  REREIGHEN
47 1,137 iR CoHs0;  416.11073 4161109 -3.66  FRERRILATEH
148 9.651 W CoHig0, 464.16825 4641687 -3.86 [NHERR BT LM
WERZRE  CH,0, 300.06339 300.0633 -7 WEERBIHIAEY
150 10473 WIMERZE:  CLH,0, 552.20068 5522211 -2.32 WHEREHAEY
151 10. 7T R BRIV EERR TR CogHaog0, 286.08412  286.084  -1.86 IWHERA KA EY
152 6.605 FHEENER  CHO, 274.08412 274.0841 -1.27 WEER IR
153 7.633 TR 28 C 1,60, 256.07356 256.0734  -1.66 MWHER KLY

141 0.794

149 9.321

154 5.458 2'4_:%_6_ CoHy 0, 288.09977 288.0098 -0.82 BILI[LATA
LA
155 7.91 34-"BEEMR C,HO, 266.15518 266.1551 -1.48 % RJURILATAEH
156 13.668 4-ZHEMEE  CoH 0 342.10621 3421161 -0.66 HKFHAMEY
157 7.476  4-ZHIEEME  CHN  182.05791 182.0571 0.76 HRHHAMEY
158 11953 FRBE CyHy,0, 436.36035 456.3605 -1.96 ARHIAEY
159 10.853  KH®R C,Hg0, 30020893 300.2088 -0.24 HERHBULHIAEH
160 10495 B CLHNO 32426644 324.2663 -1.68 AJHIRAMEY
161 5.999 ZRI CisHiN; 470.33961 470.3395 -1.59 K RHEMRAiES
162 6.498 i € HisN 488.35017 488.3502 -1.37 ABJHURRiEY
163 1.77 B CisHis0, 94251882 942.5192 -1.82 ABLHM A4
164 5.69  WUKE  CLH,NO d66.14751 4661477 -1.43 IR
165 7.931  AETHEE  CoH,0, 32610017 3261002 -1.5 HRHRELE
166 14.009 A% MAATE C,H,0, 283.00167 283.0916 -1.67 %R JURILATAEH
167 10.233  AFEAEE CH0, 417.25152 417.2518 -1.49 H R R4
168 9.479  RHALE  CHg0; 34129299 341.2928 -1.47 KRIURMREY
169 10.064 RIIEFAE  CoH,0; 568.30362 568.3039 -0.88 K JUR{LAH:H
170 10.707 ARG C H0P 346.21441 3462143 -1.9 HRJURRAY
171 9.479 KR CHO; 33223514 332.2351 -1 KRIEREEY
112 5.616 FHR CeHs0, 302.18819 302.188  -1.07 AR BILEUATES
173 8.977  HRME CL,HN,0,406. 12638 406,166  -2.13 HRHEAMEY
174 7075 AKCWE CHO, 28.07864 2280784 -1.17 HRJURIATEY

3 IMNESTR

ARSI L 1 10N S0 45 1 0 P B T
V18 g AR AN A A i i A IR A7, 2% 56 96 45 SR 5 i
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ISR ARE
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FET UPLC-Q-TOF-MS /MS &5 & W 4% 245 B 2F Fl gy T
SR B A TP R 0 24530 ot Be A I PL ]

MEHR REHF R A R ,KRWE R R
(SR EZRSE M R 5500022 ZFHARER:, S &R 561000)

M E. BM.ALFEMNA UPLC-Q-TOF-MS/MS 3 K, ik A 5 & T RFrhog b o, o ML 22 fafyF 3t
B E WRTERT T REAGBESTERAMAG, Fik: B 4T UPLC-Q-TOF-MS/MS 447 & F vty £ &AL F R 4, 5
F) B Swiss Target Prediction 2 3% 2 Fm 3 £ % 4 ¥e.%. i 1E GeneCards 4% B M IR 40 X 9 AR K 76 97 ¥e & 320 Venny 2. 1 #
#FH B EREEZR S5 GeneCards 41 K ¥e & X & | KR8 Sting K% F M E & G ZAF A M % ¥ 4 R F X Cyloscape
3.6.0 RHMAER G EERA R oy —3e b -8 W%, @it Metascape 2 4% & 5 32,5 K H #4147 GO 24k &£ 5 47 #= KEGG i@
&G E M, RG A A Autodock F K &P TR B 6g K AEF R RS S KA e SRS T BRIE, EROKERF P
L A 63 A, BT 60 NI KAF R A F RS A 203 Mkt TRETXERBGAT KERE MILTHY
M BB BB S E 0 R A it 42 vA & Pathways in cancer, AGE—RAGE signaling pathway in diabetic
complications , Lipid and atherosclerosis \EGFR tyrosine kinase inhibitor resistance , Proteoglycans in cancer,Kaposi sarcoma—associated
herpesvirus infection ,PI3K— Akt signaling pathway , Prostate cancer,Chemical carcinogenesis — receptor activation, Fluid shear stress
and atherosclerosis % %4845 583 A B KGR, Gt TR F 0 S AR R BB ¥ b SEBREERXMER,
XA I RFrH, UPLC-Q-TOF-MS/MS, # X K M&HEE 5 F3T4

FESES Q946-3  XHEKFRIRAD:A XEHS :1003-6563 (2024)02-0023-11

Study on anti —inflammatory substances and mechanism of Isodon suzhouensis
leaves based on UPLC-Q-TOF-MS/MS, network pharmacology and molecular
docking

WEI Meigi"? ,ZHANG Weiging?, LIANG Wei®> ,LIU Peigui*,ZHANG Liping’, YAN Chen’

(! Guizhou University of Traditional Chinese Medicine , Guiyang 550002 , China;’ People s Hospital of Anshun City,
Anshun 561000 ,China)

Abstract: In this study, UPLC-Q-TOF-MS/MS was used to rapidly and accurately identify the chemical constit-
uents of Isodon suzhouensis leaves ,and the potential molecular mechanism of the anti—inflammatory function of Isod-
on suzhouensis leaves was studied based on network pharmacology and molecular docking. Firstly,the main chemi-
cal components of Isodon suzhouensis leaves were analyzed by UPLC-Q-TOF-MS/MS , and the main component tar-
gets were predicted by using the Swiss Target Prediction database. The anti—inflammatory therapeutic targets were
collected by using GeneCards database. Venny 2.1 was used to construct the intersection of the major component
targets and the anti—inflammatory targets. The protein interaction network was constructed by using String database,
and the results were imported into Cytoscape 3. 6.0 to construct the protein interaction network and the component

—target—pathway network. GO functional enrichment analysis and KEGG pathway enrichment analysis were carried



24 H A Ble# / Life Sciences 542 B

out for target genes through Metascape database. Finally,the key active components and key targets were verified by
molecular docking in Autodock. A total of 63 compounds were identified in Isodon suzhouensis leaves, showing 60
anti—inflammatory active components and 203 potential targets. Isodon suzhouensis leaves play an anti—inflammatory
role mainly through the regulation of inflammatory response ,inflammatory response , positive regulation of cell migra-
tion , positive regulation of phosphorylation,response to hormones and other biological processes,as well as pathways
in cancer, AGE-RAGE signaling pathway in diabetic complications, lipid and atherosclerosis, EGFR tyrosine kinase
inhibitor resistance , proteoglycans in cancer, Kaposi sarcoma—associated herpesvirus infection, PI3K—Akt signaling
pathway , prostate cancer,chemical carcinogenes—receptor activation , fluid shear stress and atherosclerosis, and other

key signaling pathways. In conclusion,the effective components of Isodon suzhouensis leaves exert anti—inflammatory

effect through multi targets and multi pathways.
Keywords :

ular docking

FEHF (Isodon suzhouensis) 7&JFIE ) ( Labiatae)
FTXRIE (Isodon ) ZAFHFIARKEY) , )& H AR E
DR E W R 2R PRk A
JH iV VB2, DR T P R M3 A
W8 FH T B WO O S | M R AR Tk
TE KM OCTT R A2 FLH R AT R
Ieme gy, R TFIRYT &R W et il
Zik% B R AR RE | SR Gk AR S 2 Rk
e

AR X EAR P2 i i B, B Frh
TR ZMISRIE RS, BEA S S B
T AN R 2 25 1 40, A48 T2 2@ 245 A B
EMEERTHPE LTETFLER, R Eaa Tt
WL B4 5 WA FF IR R 5 28 ) LD IR\ &
T S8 R i ER TN R,
FERMIGE ST TR o REOROA £ vk T s A P
RIS, W/RTEL 0~10. 0 pg /mL 5 HE N5 F]
REMLE R, TEFEGHRIUET B
S YA e gt A2 EAE A,
Hep PRFHA—Z WP REH, Kim BW 2 ff
55 T ERT A GLA 7£ mRNA FlE 1K
- b SR AR A R T S A AL Tl A
WEAH-2 ik, A2 R 40 R 7 s SR 56 A
F—a HAMAZ-1b(IL) —1b 1 IL-6 A77 AF i it
S L B S5 % M T B A R, Gan PSRN BFSE T
GLA 35K 1 5 2205 (LPS ) 30 (14 /N5 5 4t e v
— S ALE(NO) IEIRFEHE T~ (TNF) —a, F 40 L4
K (IL) -1b HE A (COX) -2 i S A — LA
A (INOS) 1A Y

Ih I 7R A N6 T A R R ) R A A

Isodon suzhouensts leaves, UPLC—Q-TOF-MS/MS, anti—inflammatory , network pharmacology , molec-

FE LS EF KSR L amethystoide T F K WL
rubescens FHIUT | A FP I 748 58, FEFEH T 4E | B4
AEJT LR o 43 500D [0 A T, A6 20 0
JFAEES eSS S5 AEAE AP R &) 53 4538 DX 5 i 5 B
B BN 2, To i, 48 A0k F 6, LR
Wi ST AN, ORI HERE 5 55 R KA DX, DT S
TSI DX )T A FEOR A, 275 25 50— 8T
o

RAE SR HAT A R GE R IERZH 20 25 A 45 A
TSI 2 A A B AR S N, 9 EAE R AILAAR I % Ak
RN —Fh AR BRSO B R N, 2 5 2R KB
M) AR R R AR Z KRR A BAF bR
BRI Y SCRR AR E O R B AT
X HI A Y BA BRI BT RIE B fEHT)
G YE BAIAS A, 1% VE2H 53 i A W DRt
TR T AR IR 45 5 P25 25 B2 T X R
3 e U RN 9702 s TS B B 7 2 R R %
SUSAE AL, 00 25800 o i | Ay o o 428
Rt 2%

1 UFEE#H

WAH 2 45 . Dionex Ultimate 3000 RSLC ( HPG)
(Thermo Fisher Scientific) ; Hi i & 5t : Thermo Scien-
tific Q Exactive Focus ( Thermo Scientific Q Exactive
Focus) ;  F Ui : HESI-II ( Thermo Fisher Scientific) ;
{0354 ACE Ultracore2. 5 SuperC18,100 * 2. 1 mm
(FEZTT) .
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1.2 &AL %4

R :95% LW, R (A5l , QN (figal)

2i0F 2RI A B =N T R T
T N R B B 242 S 06 5, 28 1 N 4 8 IR 25 B
AR F R E % € O R E B (Labiatae ) 7 45 3¢ &
(Isodon) FHF (Isodon suzhouensis) .

2 FHik

2.1 ERFrHLFE RS ST

FRECE 251 50. 0 g, 10 f5 &1 95% £ B%
IR 3 K, K 3 h, A IR HE R, Ui, TR
JE BN 2,15 2 IR, B 10 mg BE 5y, A 70% H %
IRV, 220,22 wm A ALGLFLUE B 8, BpAS 18
T RE SRR, VR VRS FH A BT R

3% 25 7F: ACE Ultracore2. 5 SuperC18 ( 100 *
2.1 mm) G s A I (0.1% HIR) -0. 1% H 1R
7J(,ﬁ~"§bﬂﬁﬁfé(0 ~2 min, 5% 1Y Z»Hja;Z ~ 47 min,
95% WY 2 ;47 ~50 min, 5% [ ) KRR 0. 3
mL/min, H:i& 40 °C,

JEiE S 4 . SR HEST-T1 B F I, B 7 V5 i &
3.0 kV(+)/2.5 kV(-) , BAIE MR R 320 C,
AR R 35 arb, BB A 10 arb, B F IR
350 °C, g4 =08 Full MS—ddms2 , $1##i1E
FEl M 100 to 1 500 m/z, Full MS — £ /3 HE K hy
70 000, — 4453 HE% K 17 500,

B 4y A 0t FEER CH R BHE B Compound
discover ZRIFKE ZKGA5 2 19 T AT iH B9800 |, AR 8
TEE UL G — S TS E A B 6
BITE BT 0T, 3853 7 20 5 B0 A 2R 47 0 i
XF L XA AT 4 | T TR e
BT,

2.2 ERFebEM RS Fe L TN

i jd Pubchem %4/ %> (https ://pubchem. nc-
bi. nlm. nih. gov/) X282 094G WK B A5 1) Canoni-
cal SMILES *5, 52 ] Canonical SMILES 55 T % 2D
450 S A R A7 SDF ks, R ARG
Canonical SMILES 5 8% SDF #% = 19 45 # = | 1%
Swiss Target Prediction &% ' (hitp ://swisstarget-

prediction. ch/) , 1% & J& P 4 “ Homo sapiens™ |, 5 7
Predict targets JEA7 0N 73 A th AL S AL AR R
LR CSV AT RAT . MH Excel SIFL5
B, BRI 25 5 v < probability =07 A S,
HEBREE I 45 25 A

2.3 Fm¥e bt KIEEMME

FI F GeneCards'®' ( https://www. genecards.
org ) B PR 2 AH O AR AE #E 4., LA inflammation” A
FER R R A IR HE A, IR AE GeneCards 0¥ &
F1ii € Relevance score=3 HYHL S .

2.4 MEEG-FEOMEAERME(PPI)

BEAI ) P AE #0255 A String B35 % (-
tps://cn. string—db. org/) , P HE “ Multiple protein” ,
P iE$E“ Homo Sapiens” , minimum required interac-
tion score =0. 4, N % TSV #% 21 25 HAH BAE A 45
R, A Cytoscape 3. 6.0 #fF, 17 0] AL 70 #
3 cytoNCA {54 ¥E AU degree (JE{H) \Be-
tweenness ( 1A H1[A] &) | Closeness (1230 0 F)
TEH =P H B LA b ) S8 A A SR A

2.5 GO Tt 548354 KECG & &£ 8 %
il

X} String BdiE e FHARAF Y TSV M SCHFEAT
AEBR A FF nodel Fl node2 , ZREEH, FHEF AR
Metascape %5 4 JFET( http ; //metascape. org/gp/in-
dex. html #/main/stepl ), /5 i Submit, ¥ Fh & £f
H. sapiens (80 ) , #£ £ Custom Analysis #f 17 5% 4} 43
fﬁ,,’f—iﬂi Enrichment B 1k £5 1 28 1 4 T BT , il
#H GO Biological Processes, GO Cellular Compo-
nents, GO Molecular Functions fll KEGG Pathway 43
B, IEF AR FELAE 5 (hitp . //www. bioinforma-
tics. com. cn/) FEAT AT ILALAE 2317

2.6 ERTFrHHMH-M o - LKA -ER
W 2 Ay

e BRARAT IO 0 PR 800 A R T I S R
BIF 5 A Cytoscape 3.7.0 A HEE 254 - i o —HT
ST KR, BLFETT 20 4% KEGG 8 i i e
R A T P S0 R 7 ) B A 5 %o g L (8 245)
XGRS o oy R AR A2 U B A R
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HUE S, I FRos 451 S Z AR AR G R, il
I cytoNCA i F TR AL 2 LM B degree (JEAH) | B
T H GBS RN

2.7 EREERLS KRS TR EREIE

B AT ARAF BUHT 5 S SCBEU FIRT 5 > S Bl
ST A OGRS PDB B
(https ://www. resb. org/) , 3R BUEE F1AE &5 PDB 4% =X
(19 3D S5H6 SCHF, 31254 Uniprot B4 P | 36 Ui
HEEE R0 A 3l 5k TCMSP Al B (hitps 2/ old.
temsp—e. com/temsp. php ) 3R BUZ U AL 43 B mol2 4%
A AR A BN 254, F ] Pubchem %5455 72 3K
PO 153 1) SDF 4544 SCA4: , 38 33 OpenBable X {4
F 2D 1) SDF #3046 3D 1Y PDB A% A S0t 18
F Pymol B A HE AT 22 /K RN 57 70 5 WY 424, Auto-
Gridd FAF B ER & T MIES B A/ Ik 8
17 Autodockd #1743 XF L4, IF I H Pymol %X

K UPLC-Q-TOF-MS/MS AR | $i bk 5 ¥
AbFE RGIAE 5 6 AT R O P A s
HEATREPE AT A BIIE s R R
SETUAE(TLC) (B 1), MRAEFEE R & %

GRAEA Y BT R 25 G AR S S0k, xt

TSI 2 AT AT R P AT, N E R
- rf R A 63 A, AR 10 4>, Byg s
B 7 A, B 21 A, RN RIS 11 A4, HoAfthFp s
AW 14 4, AU R B X s
YRR BT B AR Wk 1,

DA\Data\..\20221025\WANGZAOZI-YE _ 10/25/22 14:56:54

RT:0.00-50.01

NL: 5.44E9
Base Peak F: FTMS + p ESI Fullms

30.17

[100.0000-1500.0000]MS
WANGZAOZI-YE

NL: 3.13E9
\ Base Peak F:FTMS—p ESI Fullms
[100.0000-1500.0000]MS

38 \I ‘ r‘ WANGZAOZI-YE
TSN 30 W |
PRI B AL, o M L
T O LA VI KNP AV R )
'() 5 10 15 20 25 30 35 40 45 50
Time/min
bt
3 &R | EETFHOAETREY
3.1 ERFrrE BT RS
1 EERFHHERDEELER
No. fe& AFR 4TRSS RV/min RNET STFETE BT
. ) 221. 06596, 179. 05478 , 161. 04416, 143. 03366, 113.
1 T C,H,0, 360.12569 0.676 [M-H-H,0] 341.10782
02291 ,101.02290,89. 02292 ,71. 01236 ,59. 01240
fe 173. 04410, 127. 03866, 111. 04357, 93. 03307, 85.
2 4 TR C, H,0, 192.0621  1.285 [M-H]~ 191.05484
02797,59. 01239
3 L-If R C;H,NO, 115.06342 1.288  [M+H]® 116.07069 98.06041,84.04474,70.06580,56.05015
e 173. 04422, 127. 03854, 111. 00726, 93. 03300, 85.
4 TR CeHyO, 192.0258 1.376  [M-H]~ 191.01845
02797,59. 01240
. R . 131. 04883, 120. 08086, 103. 05436, 93. 07014, 79.
5 L-ENEm  C,H, NO, 148.05223 1.401 [M+NH,]" 166.07257
05004
179. 03369, 151. 03888, 135. 04370, 123. 04369, 107.
6 &% CoH, 05 198.05159 1.809  [M-H]™  197.04433
04875,95.04876,72.99162
7 PR AL mE B CsH, 0,  154.0616  1.979  [M-H]~ 153.05429  135.04358,123.04368,109.02798,81.03307
8 Je R C,H,0, 154.02521 2.185 [M-H]~ 153.01793  123.04368,109.02798,95.04873,81.03307,67.01736
R 188. 07021, 170. 05954, 159. 09135, 146. 05971, 132.
9 L-ta&m  C,H,N,0, 204.08959 2.534  [M+H]* 205.09697
08055,118.06511
- 136. 01517, 119. 01225, 108. 02013, 93. 03311, 81.
10 JR LA C,H,O, 138.03024 3.013 [M-H] 137.02296
03309,65. 03813
—— 312. 04773, 249. 03937, 234. 01602, 207. 02869, 192.
11 HH¥E C,H,0, 328.0787 4.622 [M-H]™ 327.07132

00522,161.02293,133.02798,87. 00751
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No. st ATRX ATE RIVmin WBINET ST TiE BFWER
o ) 149. 02298, 133. 02803, 105. 03307, 89. 03821, 81.
12 Lt C,HsO, 178.02533 5.951 [M-H]~ 177.01804
03314,
B 135. 04373, 117. 03307, 107. 04865, 91. 05363, 79.
13 Wi R C,H;0, 180.04101 6.414 [M-H]~  179.03368
05351
) 152. 01009, 123. 04371, 121. 02805, 108. 02036, 95.
14 4-W4HEIKBR CyHy O, 168.04088  6.641 [M-H]™  167.03366
04870
N . 191. 05489, 179. 03369, 173. 04420, 135. 04370, 93.
15 (et CiHis0, 354.0942  7.719  [M-H]~  353.08691
03306,67. 01744
16 WETHMIEE  CH,O0, 198.05162 9.933  [M-H]~ 197.04434  169.01295,140.01013,125.02297,111.00721
- 523. 12305, 457. 11307, 379. 08032, 325. 07013, 295.
17 HeRT 10 C,H; 0,5 594.15766  10.252  [M+H]*  595.16565
05978 ,121. 02847
- 340. 22580, 239. 17850, 183. 11661, 112. 07571, 72.
18 —R#E PR C,H,NO; 357.22984 10.765 [M+H]® 358.23712
04498
413. 08563, 353. 06467, 329. 06458 ,299. 05441, 165.
19 R C, Hy0,, 448.09955 11.113  [M+H]*  449.10699
01790,137. 02313 ,85. 02885
20 APERIEAERR CH 0, 164.04596 11.468 [M-H]~  163.03868 135.04326,119.04876,93.03305,59.01236
145 By -3-0- 447. 09158, 283. 02393, 255. 02899, 227. 03409, 183.
21 » C,Hy 0,5 594.15753 11.826 [M-H]~  593.14911
ZABETY 04413 ,151.00204,117.03275
. 300. 02661, 271. 02402, 255. 02896, 243. 02881, 178.
22 BT C,H, 0, 610.1519 11.986 [M-H]~  609.14453
99721,151. 00233 ,108. 02006
. 178. 02582, 149. 05942, 134. 03589, 117. 03311, 89.
23 (g7 CpHO0, 194.05659 12.182 [M-H]~  193.04935
03812
. 257. 04388 ,229. 04884 ,201. 05400, 153. 01784, 137.
24 R CisHpO, 302.04219 12.25  [M+H]*®  303.04947
02306,111. 0070
300. 02664 ,271. 02405, 255. 02898 , 243. 02893, 151.
25 K2 5 CyH, 0, 464.09439 12.254 [M-H]™  463.08694
00227
431. 09686, 285. 03949, 255. 02885, 227. 03426, 169.
26 W75 C,H, 0, 578.16191 12.654 [M-H]~ 577.15430
06454
258.05127,2411. 04863 ,213. 05409, 165. 01794, 153.
27 L7 iy CisH O, 286.04738 13.16  [M+H]*®  287.05466
01790,121. 02837 ,68. 99776
e 287. 05429, 213. 05414, 153. 01790, 121. 02829, 85.
28 s WAy C, Hy0,, 448.09967 13.161 [M+H]* 449.10718
02882
) 133. 02809, 115. 01755, 105. 03306, 89. 03815, 77.
29 T7-REEFEEGE GHO, 162.03021 13.639 [M-H] 161.02295 03812
L 301. 21558 ,227. 17857,159. 11635, 133. 10089, 119.
30 T CyH;, 0, 318.21898 13.673 [M+H]* 319.22610
08546 ,57. 03420
N 189. 09059, 161. 09575, 133. 10098, 119. 08549, 91.
31  Senkyunolide H  C,H, 0, 224.10464 13.75 [M+H-H,0]"207.10136
05457
o . 197. 04440, 179. 03366, 161. 02307, 133. 02806, 72.
32 PR TR CisHOg 360.08351 15.161 [M-H]~  359.07632 00161
. 300. 02670, 227. 03407, 201. 01823, 136. 98654, 65.
33 22 TR CH,0, 316.05763 15.225 [M-H]~ 315.05029
00182
. 241. 04898, 161. 02295, 153. 01788, 135. 04376, 67.
34 P NS CisH O, 286.04722 15.849  [M+H]*  287.05457 01845
. 179. 03366, 161. 02304, 135. 04369, 121. 02799, 106.
35 WIAERR 2. TR C,H,0, 208.07253 15.89  [M-H]~  207.06514

04096
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No EY AT ATFE RI/min BINET HFET4 R
36 SR CH,05 286.08345 15.975 [M+H]' 287.09085 241.08369,153.01791,135.04376,91.05455
37 R CH,04 300.06301 16.228 [M+H]' 301.07034 286.04645,186.01543,168.00488,121.02829
38 EREFMAEE  CoHO, 374.09904 16.557 [M-H]~ 373.09180 179.03366,161.02306,135.04369,107.04870
39 S CH,05 300.06307 16.863 [M+H]* 301.06985 286.04651,186.01547,168.00494,105.07008
. . N 297. 18439 ,203. 10632, 185. 09550, 157. 10081, 131.
40 e CyH, 0, 332.19834 16.909 [ M+H-H,0]" 315.19504
08527,97. 06509 ,69. 07047
I 311. 04013, 219. 02856, 179. 03368, 149. 00778, 135.
41 HER C,H, 0, 474.07844 17.276 [M-H] 473.07104
04370,87.00725
n N 267. 02887, 211. 03894, 179. 03371, 149. 00778, 135.
42 nvEBER AR C,H, 0, 312.04732  17.283  [M-H]~  311.03998
04370,87. 00726
197. 13295, 153. 01787, 119. 04911, 91. 05453, 67.
43 T3S CisH, 05 270.05235 17.427  [M+H]* 271.05969 01843
. ) 316. 05698 ,298. 04654 ,270. 05151 ,242. 05646, 154.
4  ERE¥EZE  C,H,0, 330.07343 18.115 [M+H]* 331.08078
02565 ,108. 02070
45 R E C,H,0, 330.07295 18.329 [M-H]~ 329.06564 314.04239,299.01883,199.03891,133.02806
284. 03183, 256. 03665, 151. 00244, 133. 02805, 107.
46 FHAE CH,05 300.06274 19.821 [M-H]~  299.05527 01241
. 284. 03189, 256. 03693, 227. 03424, 211. 03871, 151.
47 BAEE CH,05 300.06254 20.351 [M-H]~  299.05536
00240,133.02805,107. 01241
48” SEER CH,05 284.06791 21.843 [M+H]® 285.07535 270.05176,242.05678,167.03358,124.01546
. . 271. 06024, 253. 04976, 197. 05920, 143. 04886, 107.
49 MeE B C,H,0, 314.07817 22.23 [M-H]~ 313.07083
01231,63. 02255
N 175. 11137, 147. 11644, 137. 05943, 119. 08551, 105.
50 HEWNEEA CL,HO0, 192.1149 22.589 [M+H]* 193.12193
07002 ,91. 05457
. 173. 09575, 145. 10089, 135. 04378, 117. 06986, 91.
51 1E T R HK C,H,0, 190.09902 22.789 [M+H]" 191.10623
05456
52 WiAKZELIENES C,HyO, 310.21367 23.561 [M+Na]® 333.20276  293.21045,235.13084,58.71617
L 173. 09572, 145. 10088, 117. 06985, 91. 05457, 79.
53 FA AT C,H,0, 190.09902 24.731 [M+H]* 191.10622
05472
. 171. 08002, 153. 06947, 143. 08521, 128. 06190, 117.
54 REE %N C,H,0, 188.08347 25.07 [M+H]*  189.09074
06983 ,91. 05459
. . 177. 12685, 163. 11128, 135. 08014, 109. 10126, 81.
55 Wi R C,sH,,0 218.16678 26.181  [M+H]* 219.17406
07030
o 535. 41394, 517. 40454, 289. 21802, 157. 10074, 95.
56 T3 EMEE  Cu,H,O0y 514.3132  26.721  [M+Na]®  532.34680
08576,81. 07035 ,67. 05487
) 201. 16325,177. 12700, 163. 11128 ,149. 09575, 111
57 o= B CisH,O 218.16678 28.283  [M+H]* 219.17387
08052,81.07033
58* il R CyHisO, 472.35372  28.715 [M-H]~  471.34644  423.32593,3993.31631,115.46109,58. 00455
437. 34073, 409. 34567 ,391. 33450, 191. 17902, 119.
59 EABENERH  C,HO0, 454.34392  33.522 [M+H]®  455.29205
08553 ,95. 08584
. ) . 223. 16837, 123. 11678, 109. 10131, 95. 08586, 81.
60 a- PR C;sH,0, 278.22406 33.832  [M+H]® 279.23132
07039 ,67. 05489
407. 36710, 217. 19450, 191. 17906, 149. 13223, 121.
61 P M TR CyHi O 424.36985 36.369  [M+H]® 425.37714
10114,109. 10130,95. 08583 ,81. 07038
62 Tsugaric acid A Cy,Hy 0, 498.36955 38.894 [M-H]~  497.36227  498.36566,437.34137,59.01242
. R . 423. 36191, 287. 23535, 149. 09587, 95. 08582, 81.
63 KRAR R CyH,0, 440.36473 40.201  [M+H]®  441.37207

07032

T A S B SCHE MEY
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3.2 ERFrHEMERS TN

FIFH Swiss Target Prediction {4 )& X+ 63 1k
H AT bR BU, Ho b 3, 4 - Dihydroxyphenyle-
thanol , Senkyunolide H, Handelin f& &% I &5 T 00 2%
R A RIS PEY BT B0 H AR, 7521 60
ANTEPE R, R T A U A B 9 AR AN 588

AN

[
3.3 X HEm¥

TE Genecards Ui B 45 24T 98 AH OCAE HTHE A5
11448 />, HHEAH K FETR 53 Score =3 ML S AE AT
RATIETERL SRS 1190 AHICHE A B F A1
PER A3 1) 588 A T8 7E T 5. . Genecards £ ¥ 2 1190
HTRAHICHE LS, 34T 204 ANEAERE A, I
it Venny 2. 1. 0, i % 4b #L 3ok 19 588 LS
1190 /> GeneCards £l P2 K 28 19 9 JiE AH OCHTL A5, 14
a5 B LA 2,

Compounds Genecardr

384 986
(62.6% )

(24.4% )

B2 EMENSERSHREXERFEEE

3.4 Eo-FoMatERMsiE

H 204 YEAERE ST String B 3R A5
FUIAIAHEAEFSCER M Cytoscape #E4T ATHLALAL
153 PPT MZKIE LR 3, M2 dbd 55 203 4>
A,3708 25300, R RYBIEA R/ 5 BE AR A2 AEAHOG il
LT, cytoNAC 47 1415 2 ) Excel 40 7 15 de-
gree . Betweenness | Closeness i) S 1 {E, 4 9 R
36.53,187.97,0. 53, fifi A+ 31 38 A ILFHE L, i AE
R A TR A B O BERE K, 230 DR TN (Ji
SR YRBE A T Tumor necrosis Factor) IL6 ( A4/ %
~6 interleukin 6) ALB( 12 1) \ILIB( F 41/ &
(interleukin,IL) —1B) .AKT1 ( Z &AW/ 7 AW & 1
P 1
(3B H M EE I UG ) VEGFA (14 N B A KA
T+ A vascular endothelial erowth factor A)  EGFR

serine —threonine protein kinase 1) ,GAPDH

(KB K H T 321K epidermal growth factor recep-
tor) .SRC ( AN 4K H sarcoma) \TP53 (81 & H
p53 tumor protein p53) \STAT3 ({5 555 3 55 % 1%
) \MAPK3 (22 24 )7 35 A6 2 1 3 mitogen—
activated protein kinase 3) . TLR4 ( Toll 5Z /& 4 Toll-
like Receptor 4) | JUN ( transcription factor AP —1) |
MMP9 ()57 J& 2 1 9) \PTGS2 (R4 iR 3% i
ALY A LG ) L CASP3 (P& R - KA AR &
JKf# T 3 cysteinyl aspartate specific proteinase 3) |
PPARG ( id % fb Wy M 08 38 58 B4 35 2 4K v) .
HSPOOAAL ( #4 K 5¢ 25 1 heat shock proteins ) |
ERBB2 ( PR & FRIA M52 18 ) \ESRI (MR Z R
Estrogen receptor) .CCND1 ( Z 8 i1 D1 Recombi-
nant Cyclin D1) 1L2 ( A48 4~ % 2 Interleukin2 ) |
ICAMI (41 ] &R 437 1) \MTOR (i 3L 30 ¥ 5 e
FRMEH)  MAPKIL (4 M 5 2 F RT3 1) |
KDR (3% i 4/ A X 3Z /& kinase insert domain recep-
tor) ITGBI (¥4 3 B1) PPARA (i ALy il 14 1
TG Z M A(PPARA) A1) ACE (145 %
KRl Angiotensin—I converting enzyme ) ,PLG
(£F %5 13 J5. Plasminogen ) , BCI2L1 ( BCI2 Like 1) .
APP (VEMIFERE A B HIAE FH Amyloid Beta Precur-
sor Protein) \NR3C1 (Wl f¢ TP 28 A2 AR SE N ) (F2 (5
MLPRF 1T Coagulation Factor 11) ,CTSB ( 2121 £ H [if§
B cathepsin B) \CYP3A4 (4}t (5, & P450 3A4 fiff) |
AHR (5 FIEZ R aryl hydrocarbon receptor) , W32,

R2 IEFEFHAXEEARERINFRE

No. Gene Degree Betweenness Closeness
1 TNF 162 4579.269 0.8347107
2 IL6 152 2996.4673 0.8015873
3 ALB 139 2715.2737 0.76226413
4 IL1B 135 2111.5854 0.75092936
5 AKT1 129 1714.8993 0.72924185
6 GAPDH 123 1334.8788 0.7188612
7 VEGFA 121 1098.929 0.70877194
8 EGFR 108 893.94 0.67785233
9 SRC 106 682. 6687 0.67333335
10 TP53 104 806. 8407 0.67333335
11 STAT3 103 712.5786 0. 6622951
12 MAPK3 102 602. 17847 0.66013074
13 TLR4 97 880.9759 0.6537217
14 JUN 95 382.10608 0.6474359
15 MMP9 94 482.51477 0. 6474359
17 CASP3 91 319. 66202 0. 64126986
18 PPARG 86 940. 3473 0.6292835
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gR2
No. Gene Degree Betweenness Closeness
16 PTGS2 94 792.2086 0.6474359
19 HSP90AAI 81 338. 62402 0.62153846
20 ERBB2 79 485.01532 0.61585367
21 ESR1 76 302. 9435 0.6084337
22 CCND1 76 393.7375 0. 6066066
23 12 75 396. 81256 0.6047904
24 ICAMI 75 191.74197 0.6047904
25 MTOR 73 190. 98056 0.6047904
26 MAPKI1 68 209.41771 0.5906433
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Action mechanism of Dendrobium nobile Lindl. alkaloids posterior capsular
opacification based on network pharmacology and molecular docking®

SHI Yinglan, LI Jun, CHENG Tingting, ZHANG Tingqgian, HUANG Zhaoxia*

( Guizhou University of Traditional Chinese Medicine ,Guiyang 550025 ,China)

Abstract: This paper investigates the action mechanism of Dendrobium nobile Lindl. alkaloids posterior capsular
opacification. The active components of Dendrobium nobile Lindl. alkaloids and their structures are collected by re-
viewing domestic and foreign literature. Network pharmacology is used to predict the potential targets of Dendrobium
nobile Lindl. alkaloids posterior capsular opacification ,the protein interaction network ( PPI) is established ,and GO
analysis and KEGG pathway enrichment analysis are conducted to explore the possible biological processes and
pathways of Dendrobium nobile Lindl. alkaloids posterior capsular opacification. The binding activity of Dendrobium
nobile Lindl. alkaloids to the core targets is verified by molecular docking. 27 active ingredients of Dendrobium nobi-
le Lindl. alkaloids are obtained ,and the core targets of Dendrobium nobile Lindl. alkaloids posterior capsular opacifi-
cation are STAT3 ,PIK3R1,AKT1,etc. The GO enrichment analysis results indicate that Dendrobium nobile Lindl.
alkaloids mainly exert enzyme binding and protein binding through affecting biological processes such as apoptosis,
cell migration and bidirectional regulation of kinase activity, etc. The effect of Dendrobium nobile Lindl. alkaloids
posterior capsular opacification may be related to signaling pathways such as angiogenesis ( HIF—1 signaling path-

way) and inflammatory response ( PI3K—Akt signaling pathway ). The molecular docking results show that Den-
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drobium nobile Lindl. alkaloids have good binding activity to all core targets. In conclusion,dendrobine and N-trans

—feruloyl tyramine in Dendrobium nobile Lindl. may exert their effect posterior capsular opacification through

STAT3 ,PIK3R1,AKTI and other targets and signaling pathways. This study has provided theoretical guidance for

future validation and development of Dendrobium nobile medicines.

Keywords
docking, PI3K—Akt signaling pathway
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9-FR K10~ 44k A7 R (9 -hydroxy -
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PERT, B0 Y BRSNS 80m R 2 s

2 HEHEAERE PPI AT M EE

=2 BOBISEERNHAIMNESTESR
(S LY B K 2K BEE AEeho gt
STAT3 {553 A SEIER T3 29 0.234247 0.509317
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R 718 Rapl {5530 8% ) 40008 T (i g g 1
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b, V8 FiiF PI3K 211, PIBK 7E8 B AO AL T
H AKT B 0 , 900 J5 19 AKT 285 A 5T g v
A3 HOR B AL R U AY mTOR {5541, NI 52
s R e ] oA 8 S & o A 2 D VN N 8
YA E AR 0 TR, AT ST R I, PI3K 2
TRYT JAE S Gy VR B 1) B ZEROAR , AKT W] 875 &
ARVR B AARAE TS AR 5 BT

GO BT U5 K 4 L 8 T 3k 72 A 3w
ST SN LA % 4 T % R I8 it 0% P %) 1 ) T
G FRETFEA SR, AR RV 4
PR 7 A 3 3 PN A I P A3 A A S AR AR TE SRR 1 e
YA A AN T AN RS IE T B s A A i 2R R
P55 05 i R A BRI KEGG AR i 3 i & 4
GBI EEPE KE A B T (g M TR S
WBE) AIE RN (U PI3K-Akt {5518 8% 2545 578
H . BRRRVD R B S PIBK/AKT/m TOR {5 53
PR AL T DA S B A R Ak DT e iR
A b Rz AL A 3G 8 S RS AR O R AR L Rz A Y
PR, BCELRE ST 3R B, 4 BUA A W i 2 R 0
PI3K-Akt {5551 [ 45 {5 538 B 8 42 R A L iz 4
LA S A Al I R A IR AR A ek
PR AP UG K N B

25 LA 4B R i ] RSl AT STAT3
PIK3R1 ,AKT1 ,PIK3CA % &8 # 5 /E FH T PI3K -
Akt {5538 I, 2 I 00t R A L Rz 4 R Y S 4
K o, BFERTIA G AN BRIER , (R4 2
HRF TN LA — 3 0 R BR T , 75 B — i A
ANSERGIGUE | R Je BRI 5% 4 BUA iRk 25380400 o
it S I i AL S B AR 1l

£ % k[ REFERENCES ]

(1] WA, B, Telsk. 5 &M A B Zs Y AT
FIRFFE AR T]. M HTBE 2% B2 4t ,2022 ,43(6) 1152-155.
(2] ZRUE ATFH &AMt RlT]. 28
FlLRF#,2014 ,42(13) :3857-3862.

(3] Z=BF THX RE. SRR R R e 4 80H it
HoA ek [ )] R E 22E 4R 2009 ,44 (4) 1252-254.
(4] AIGE M ZZALRE. & 8UE L F mi o M 2 3
YEHIBFFEBE B T]. &2 2021 ,52(24) ;7693-7708.

(5] H&W, EHRGH. &80 fHE B H W R R sh st
R[] oM E 2R ,2009,30(9) :57-59.

(6] TR, RS &80A fHEE X TR IR TR 40
WGP EALT]. EPRIRERRE ,2010,10(4) :650-652.
(7] o, 80/0NT AT R, % S8 BHERIWBT A B



40 Hq Bl / Life Sciences

542 45

RIS FE[ 3], 7N v B 25 K22 42, 2008 (4) 345~
349.

[81B/NGE Tt BB ik AR Wil P 1 A R B8
R — SRS B L A [0 . % 245, 2008 (3) 1177
-180.

(9] fa=Els SHad), 2= F) 4, 5. 3F UPLC-ESI-Orbitrap
~MS BEARXS BB kA P A [ ] o I SE T R A 2
#,2017,23(20) ;30-35.

[10]  Behlvhll, E£3540 & PRy, 55, JE T R0 445 25 B2 03 i 43
BUA AT T 28 ZR G B9 245 5800 S Rt K A FHBILARI (0]
i T RHE 2021 ,42(13) :1-10.

(L1308 RN R BEIR, 5. R4 2 B2 45 B SR Al 2 05
EBREVTR O 8 BRI T B 2R S AEAE RIILE [ )], R st R
R EA2ER 2023 ,39(4) :346-358.

[12]  ZEBb0s ik, 4R, 5. JE T W45 25 3 R0 23 1 X 32
A REFLALTENG SR FLVE AL [ )] . Bevi i A 2241 ( A 2
Bl22iR) ,2023,2(6) :1-11.

(131 Bl J5 2RI 0% 50 A5 ik 0 4 245 B2 % S 30
FEBRVTE M B AR 8 - & GSDME /v S5 (W 4l i (. T ig 2 40
M TR A AL [0 ] bl b 25 %, 2023 ,48 (13) 3589
-3601.

(147 ERWE, T80, PMR Y 5. B T Mg 455 K
BRI it % 4 9 20 2R B e ol 2R % 0 3R 1
BURILS D P E BN HI25%%,2023,40(3) :295-301.

[15] WANG Y H,AVULA B, ABE N, et al. Tandem mass
spectrometry for structural identification of sesquiterpene alka-
loids from the stems of Dendrobium nobile using LCQToF[ J].
Planta med,2016,82(7) ;. 662-670.

[16] MENG C W,HE Y L,PENG C, et al. Picrotoxane ses-
quiterpenoids from the stems of Dendrobium nobile and their ab-
solute configurations and angiogenesis effect [ ] ]. Fitoterapia,
2017,121: 206-211.

[17] LIU Q F,ZHAO W M. A new dendrobine—type alkaloid
from Dendrobium nobile[ J]. Chinese chem lett,2003,14(3):
278-279.

[18] WANG H,ZHAO T,CHE C T. Dendrobine and 3 —Hy-
droxy — 2 — oxodendrobine from Dendrobium nobile [ J]. J nat
prod,1985,48(5) : 796-801.

[19]  FEADY, avdssn B T8, 55 B0 i 2R i A sy
5T )], thiEE2h 2012,43(8) :1492-1495.

[20] XU J,HAN Q, LI S, et al. Chemistry, bioactivity and

quality control of Dendrobium,a commonly used tonic herb in
traditional Chinese medicine [ J]. Phytochemistry rev, 2013, 12
(2):341-367.

[21] OKAMOTO T,NATSUME M, ONAKA T,et al. Further
studies on the alkaloidal constituents of Dendrobium nobile ( Or-
chidaceae) ; structure determination of 4-hydroxydendroxine and
nobilomethylene[ J ]. Chem pharm bull,1972,20(2) : 418-421.
[22] INUBUSHI Y,SASAKI Y, TSUDA Y, et al. Structure of
dendrobine[ J . Tetrahedron,1964 ,20(9) . 2007-2023.

[23] HEDMAN K,LEANDER K, LiNING B. Studies on or-
chidaceae alkaloids. XXV. N-isopentenyl derivatives of dendrox-
ine and 6 —hydroxydendroxine from Dendrobium friedricksianum
Lindl. and Dendrobium hildebrandii Rolfe [ J ]. Acta chemica
Scandinavica,1971,25(3) ; 1142-1144.

[24] SKICH], BE. 28 Bk 3 kA A i 2 3R 25 W e
SCHRA IS SRR IR R AT [0 ] AR S T2 W SR T 2%
7%,2011,25(11) ;1115-1116.

[25]  HRBRYD. PISK-AKT {5 i £ PDGF {2 2E A fftR {4
bR A s AR D ] AR AR R A B, 2017

[26] AkiEge, S8 X0 55, 4. FR iR R0 AL AR K
T-B2 1A SRR b B A b B — ] R AL 40 1 4
BRI T]. SR IR RS 2023 ,31 (4) :347-351.
[27] MENG Q,GUO H,XIAO L, et al. mTOR regulates TGF—
B2-induced epithelial — mesenchmal transition cultured human
lens epithelialcells| J ]. Graefes arch clin exp ophthalmol 2013,
251(10) :2363-2370.

[28] i fH . miRNA-124 il i3 PI3K/AKT/mTOR {5 5 i
BV SR b B A A 5 TR B T HLRIESE [ D ]
8T B RA 2021

(291 013 FENIS. 40 A 78 )5 &t 1 P e & L
AOBTTEEREL )] IRABH BT IERE 2013 ,33(3) :297-300.

Wr#s B #1:2023-07-10; f& [E] B #3:2023-08-08

ESWA  SONEREOHITE (MRS Bl -ZK (2021 ) — ) 427) ;
S R 3342 (202058 5,

EE B BRI (1998-) , %, B v & 25 K 2B AR i -1, B 5 5 1)
Sy 2y S B2 S A SO 2R

AEHAEE BRI (1988-) , 2o, 101, B PR 24 R A= YR 1
BT S0, B9 7 170 S8 s B ML B 9T



M RE 2 42(2) 12024
Guizhou Science 41

T IR 2% 2 PRGN (AR DTS BRI aS R £ L BLA]

Jroefr AR 1,230 A 31813 1,234

RS EEAY R B

(" BN BEZRE BN BB 5500257 KA S EAEPEGERMLRTAER, 5N 5 550025;° St B2 R
S MPmERS, St BB 550003)

 E:. B ATRAHEFHITAMER G RIS SO E RG], Fik. 83 ¥ 2% AR ZHEERSH-F & (TCM-
SP) MR AMR LB # 0 £ BT R o, TG oA BOb AR e (ADME) 5 & s v JRA) R R 0F Sk 25 4 R4, SRR IR
st ¥e & ;i 1T Drugbank , Genecards . OMIM 4k 4% % 3% £ A 45 # ( pulmonary tuberculosis PTB) %) & 232 & 5t L k& 16, A A
String X35 B 47 & AR ZAE B 547, M PP1 M 45 ;4% JA Cytoscape3. 7. 1 ME“AMRR B - S 3o b -@ %" M % i
F) A Cytoscape3. 7.1 k4 i ik th HE & ST 694 e b, 48 4 415 238 B 2 PPI b ey 32 S 3EAT L B AR (GO ) Hhak A w4tk
AA A H(KEGG) 3588 E E4 4, &R Mk BAMRIR G 232 N se b M4 1452 NEE L R R b IR
XA, ERF 110 MNEFE L E¥e b Cytoscape3. 7. 1 fif ik i HE & A7 £ 69 4200 ¥e & MR E LA AREE FREEZ A
2% L, PPI #7135 #9 RELA [ TP53 [ TNF AKTI \IL-6 A4 seg ki Bie b GFif AMRI B HEE S5 SR Z2EELS
I3 AT RAE R

KB AMRIF I, M HIR T M

hE £ S R285.5 CRKARIRAS ; A N EHS :1003-6563 (2024 ) 02-0041-05

Action mechanism of tonic anti—TB granules in the treatment of pulmonary tu-
berculosis based on network pharmacology *

WANG Mingxiao' | LI Ruochen'* , ZHOU Xun'?*"**

(' Guizhou University of Traditional Chinese Medicine , Guiyang 550025 , China ;> ZHU Zhusheng National Famous
Old Chinese Medicine Expert Inheritance Studio ,Guiyang 550025 , China ;” The Second Affiliated Hospital of Guizhou
University of Traditional Chinese Medicine ,Guiyang 550003 ,China)

Abstract; This paper explores the action mechanism of tonic anti—TB granules in the treatment of pulmonary tu-
berculosis based on network pharmacology. The main chemical components of tonic anti—TB granules are collected
in TCMSP database,the active ingredients are screened out based on drug distribution , absorption , metabolism and
excretion (ADME) , and the corresponding targets are obtained. The important targets of pulmonary tuberculosis
(PTB) are obtained in Drugbank , Genecards and OMIM databases, and the duplicate values are removed. Protein
interaction analysis is performed using String database ,and the PPI network is constructed. The drug—disease targets
—pathway network is constructed by using Cytoscape 3.7.1,and the top—ranked core targets are screened out. GO
function and KEGG signaling pathway enrichment analysis are performed on the targets in the PPI network by using
Microbiology database. 232 drug targets and 1452 non—duplicated disease targets are screened out,and 110 intersec-
ted targets are obtained. The top five core targets are quercetin, kaempferol , luteolin , isorhamnetin, and hederagenin.
PPI analysis show that RELA ,TP53 ,TNF,AKT1 and IL-6 are the core gene targets. In conclusion,tonic anti—TB
granules exert the therapeutic effect on pulmonary tuberculosis through multi—targets and multi—pathways.

Keywords: tonic anti—-TB granules, network pharmacology, tuberculosis
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1.1 AMRILHH e & R
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i PR B WORAMATTBF BIOR S 25 WA . & M IRk
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AR S5 AT Uniprot U4 P, X i A B8 s kAT
Prifefsb B,
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MOL000422  kaempferol 4188 0.24 il K
MOL000492  (+)-catechin 54.83 0.24 il e E
MOLO00006  luteolin 36.16 0.25 flEH K¥75
MOL000098  quercetin 46.43  0.28 i85 EE

(2R)-2-[(3S,5R,10S,13R, 14R,
16R,17R ) -3, 16 ~dihydroxy -4, 4,
10,13, 14 - pentamethyl 2,3, 5,6,
MOL000273 : 30.93  0.81 *
12,15,16. 17-octahydro- I H~cyclo-

penta[ a ] phenanthren—17-y1]-6-

“

methylhept-5-enoic acid

MOL000275  trametenolic acid 38.71 0.8 w%
MOL000279  Cerevisterol 37.96 0.77 HE
MOL000282  ergosta=7 ,22E~dien-3beta-ol 43.51 0.72 HE
MOL000283  Ergosterol peroxide 40.36  0.81 "
MOL000296  hedieragenin 36.91 0.75 K% HE
MOLOOIZ2 14~ acetyl - 12 - senecioyl - 2E. 87, B3 03 R
10E-atractylentriol
(35,85,98,10R, 13R. 14S,17R ) -
10,13-dimethyl-17-[ (2R,5S) -5-
votgoppsy PP 2 leetan 2R3 AT, ke
8,9,11,12,14,15, 16,17 - dodeca-
hydro - 1H - cyclopenta [ a ] phenan-
thren—3-ol
MOL000049  3B-acetoxyatractylone 54.07 0.22 HA
MOL000072  8B-ethoxy atractylenolide IIl 35.95 0.21 HA
Motonsyss | (ATIdowbennl) = omethoxy = L o E)4
9.10~dihydro phenanthrene=2,7~diol
MOL005756 2,3 ,4,7-tetramethoxyphenanthrene ~ 39.09  0.29 SN
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HFR1
I A
MOL ID W2 M XA BHE
/%
2.7 - dihydroxy - 4 - methoxyphenan-
MoLos7se 7 IV T TmeRoxypenan oy o) Fk

threne=2,7-0~diglucoside

3-(p-hydroxybenzyl) ~4-methoxy -
worposzgr (P hvdroxbensyl) ~d-methory =0 g o Fk
9,10~dihydrophenanthrene

3, 7 = dihydroxy - 2, 4 - dimethoxy-
MOLO0S766 ey YT 14 0.8 Bk
phenanthrene~3-0-glucoside

4 7-dihydroxy~1~p~=hydroxybenzyl -

MOL005768 2 - methoxy = 9. 10 - dihydrophenan-  30.54  0.55 Ak
threne
MOIL005770  bletiol A 54.430.55 AR
MOL005773  blespirol 43.74 0.86 Ak
MOIL000211  Mairin 55.38 0.78 K
MOIL000239  Jaranol 50.83  0.29 R
MOL000354  isorhamnetin 49.6  0.31 fiid
MOL000371 3 ,9-di~O-methylnissolin 53.74 0.48 id
MOL000378  7-0-methylisomucronulatol 74.69 0.3 HE

9. 10-dimethoxypte -3-0-

MOLO00379 methowplerocapan=3-0-6 00 0w ik
~D-glucoside
(6aR,11aR) -9, 10~dimethoxy-6a,

MOL000380  11a-dihydro-6H~benzofurano[ 3,2~ 64.26 0.42 i

¢ ] chromen—3-ol

MOL000387  Bifendate 31 0.67 WK
MOL000392  formononetin 69.67 0.2l I
MOL000417 ~ Calycosin 4175 0.24 g
MOLO00433  FA 68.96 0.71 G
Motpopzo emuermtael=T A mi-Ogheosi= g 00 6
ole
Motpopagy |+ 7 Doy =3, 9 = dimethoxy o o g HiE
perocarpene
MOL001689  acacetin 34.97 0.24 K¥&
MOLO01790  Linarin 39.84  0.71 K¥&
MOL000358 ~ beta-sitosterol 36.91 0.75 K¥&
MOL006756  Schottenol 37.420.75 X¥%
MOL002464  1-Monolinolein 37.18 0.3 X¥%

2.2 ¥ EFRPLER

AMAHT 55 BT 15 3] 4% 245 W 00 A0 . Al A
180 A, AE AL 28 A~ IR% 27 45, AR 19 4, A )
28 >, B 208 4, K72 93 4>, KH 5115 233 4>
B3 AH DGRBS, = PR AR 2 53 i A A B B
Genecards1236 /™, Drugbank31 >, OMIM 254 4>, 4t

T 1521 B0 S, 2T S AR 1452 BN
2.3 PPI4%

W SCRTARAT B 25 40 S 0 ot 3 ot 5 R
Bosc e RIS A2 £ H0 A5 110 4, 5 A String 8
JE B AP E N N2 (Homo sapiens ) , ¥ B 15 15
B4 0.900, FEH ( Degree ) K/INK G ML A P HERF
BEUJHE PR H 5, PPL 43 M7 15 3] RELA |, P53, TNF
AKT1 IL-6 A% .0 i 56 PR A, 22 il D9 2% &1 (&
1),

B 1 PPIEAREEHE

2.4 HY-moy-FeEMBEME

KA FEA G Y 5 AR [ 3 A
Cytoscape HEH, e il H 245 W) — Ly — 8 0 9 4
ML (1 2) , K5 2590 B He BR Degree K/NEAT
i IS, HEAT 4 ol AR I HEA AT 5 A&
W(%2),

2 AMEIIRF RS - B P R
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®2 HEBETS RO AMBLSY

MOLID Degree IO WS kW
MOL000098 304 Mt % FRE A
MOLO000422 126 LILZE 1 KFZ A H
MOLO000006 116 N KFZ AIEH
MOL000378 46 SRR B
MOL000296 44 WA AT I W K%

2.5 GOAMFPGEHEMER

W AR L TR A DA A5 BRI T, 0 ) 2 1)
AWy e AL o T D RERT 10 ALY & 4R A
S50, AMABUEBOA T I 4 A% 1 AE W) R A X 2
B SR ( response to lipopolysaccharide ) %] 41 B4 &
U543 1) )2 i ( response to molecule of bacterial ori-
gin) 4 L XT A 27 BB R ( cellular response to
chemical stress) | {fi 4 % X 8 i #2 (reactive oxygen
species metabolic process) %5 10 MY 2 (BP) |, 5
[X ( membrane region) J&IX & & ficolin—1 B ik &
Ji£ (ficolin—1—rich granule lumen) | Mfil/IMit o $50R7 2
(platelet alpha granule lumen) %5 10 /™ 4 fifd 21 A%,
(CC) , 4 i A+ 52 1K 45 & (eytokine receptor bind-
ing) AL PR -1 ¥ ( cytokine activity) |7 5 52 434
15736 P (signaling receptor activator activity ) 55 10
AT UIRE(MF) , HAR BT LA 3

Enrichment score

§8787¢

3 GO BT AR . 5 FIhEE
B0 N EESTER

2.6 KEGG ZE»MH4ER

SRAG I 165 4%, 2P K IL-17 il i (11—
17 signaling pathway) \TNF 3# % ( TNF signaling path-
way ) TRAR BT R 15 S ik ks B E AL ( Fluid shear

stress and atherosclerosis ) | I§ & 5 3 ik 55 &£ 1 1k,
(Lipid and atherosclerosis) 4 /K95 I & iE H A9 AGE
-RAGE {55 % ( AGE-RAGE signaling pathway in
diabetic complications) 5 , BT UL & 4| $#75 #MA
PUBF AT REIE I b AT e BT 2 A% 0 T IR

Pathway Analysis

AGE-RAGE signaling pathway in diabetic

L/

Lipid and i @
Count

® ® =
TNF signaling pathway L 2 @

Fluid shear stress and

IL-17 signaling pathway pval

ue

1.245534e-19

9.341508e-20

6.227672e-20

3.113836e-20

7.974038e-30
21 24 27

EnrichmentScore (~log10(pvalue))

4 KEGG 9Hh&ER

Hepatitis B

Chagas disease

3 he

FENT S5 A o 2 AR IL-17 15 540
W7 A — R AR R -, A 5 50 028 20 L AE SR AR AL
SeE R A S e R P HL G 3 TR A
Sk B E D REI G R ™ A, I P 1L-17 S5
YRERE RN B IEAR S B A% AR BT &
T JR 3 R TP R 200 S 8 1 2 I PR 5 A% o0 B R
JEYL TS , 77 A TNF—a I S AL A 7 Y R
WL, BE TR B AR RIS A
WFIT B A A R AT TR R L R 5 B2 2RI Il v
RS AGEs, AGEs i i X 5 I 21 IS () 52 ) | 4
J N B B AN 5 22 PP L 2 A% a0 v R 4R T AR
FH, B I 6] AGEs K45 F ML X 25 4% 73 B 1
1) 28 A B JBR R

AT i B A R R, R R IR
RBFER SFRER W BT e MATTE
BRI I EE % i A &0, AP s R i
F A I BE AR AH DG 2R AE {5 530 B0 DA R 1
PR - 2 35 A D 2 il 225 A% 005 3 o8 ) il I 9 S, U
A kR IR SE AT DS R SR A AT /N B e
RENRED BRAMETEAE N K B L A% 1 R A A R I
R 14 7 A DT A 28030 ) 4 M B I, 40 [ ¥ 46
NP B K R 2R AT AR LT G R 1 R
A AUE Sy (AR A A B, I A A
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ISR S R, S B 2 X 400 i r 41 48 P 240 L TR - AR
PEARM T T RIVE R, TR 5 A T NF-«B
S, AN R, A R
TEAUAE —EVTEER, R ERPTRNE,
T T A MACHT 5 13 2 8 23 e B R A = WL G g
JIRIBTT IS .

Ziak W 2% 25 3R 22 B4 43 A, 15 2 DL RELA |
TP53 'TNF ,AKT1 IL-6 “AWAZ.Cr ) JE R0 55, DL 3
PRIX A2t i 0 A S B R AR, Bk o 0 2 1P
58K B RELA g3l i 4% NF-«B W R EHES S
RAEWHE , AFWettE s AU LB, TPS3 JE K 5 % n]
A5 AR AT 0%, i 45 A% 2 i 9 1) 98 175 22 199 55 1 1A
2, RIS LB, T TNF-o 545 4% 408
TR BE IE BE, WT DA Sy M 000 s 45 A% 1% 20y e B 1 o L
febr, RS AT LB, AKTI AT 62 5 Racl |
AKT NF-«B i [}, 5 R M F B A ¢, &k
2 NI TL-6  STAT3 1 56 78 il 25 4% F 35 M Ik
YL LEAZ AT BT TR B A0 B P AL T RS B
20t ] BESE S TL-6 (STAT3 3 B 78 il 25 4% vh &
FEGER T VE R . SO MASTB BV E T4 4%
FEPR 5 S R G

AT G 8 2k P 4% 2T H AR )0 R T AMAT
P OIATT 45 2 (%) AH G 3% 1 B o0 R RE A, 9 2 b
PRFUE T fE 28 i+ AGE-RAGE {5 5 %\ 11L-17
F S R IR AE R T (TNF) {55l i R AR,
HED = 2R i R T B B i g DL KB R A T A
SR
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BB VR P B T BUTF AR 1 HLRRF 5

ZRF L ARTR BICE R R R
(" BMTEZ R RRE SR EM R 5500252 M EZ RS 2k, M HBH 550025)

H E. BW.RKTERFAESR T TR @REGERIE, FiE. 83 NAHEP AYRELEFfyFrrasrEst
B - T PR S R R e S AT ST, B S K e 5h PTGS2 AKR1C3 JUN PLIN2 ALB; - & 4 A% 4t
¥ 5 (AKR1C3 ALB PTGS2 JUN) b5 B £ 44 2R AL SR AW A RE 27 #t—F @ik THPA BiE £ A £ EF 2R
Fo SR AR Z ) 0 K SR A — B e R ARSI AP E Y E R B IEREL, £AS T HE RN, 10 F £ F7E 5
M AKRIC3 B A 23 4 4% L (P<0.05) ,ALB PTGS2 . JUN % % L4 % (P>0.05) ;ROC £ 2 7 AKRIC3 #) T 4 51 A
B EMIE(AUC=0.945,C1=0.922 ~0.968) , i iZ@AHH T4 AKRIC3 Ak 5 E-E e S mig i3 2 E4 %, @5 CD4
+T Ak, St BRETRETEGER T AKRIC3 A RiAFES L F T @005,

XEER. BARE AKRIC3 45T I 0

hE 525 R73-3 XEkARIZED A XEHS:1003-6563 (2024 )02-0046-07

Mechanism of puerarin regulating ferroptosis in hepatocellular carcinoma
AN Mingyu', YANG Xia' , CHENG Fangling’ , YANG Kaiping® ,ZHU Yi*,ZHANG Nannan' LI Jun'*

('School of Basic Medicine , Guizhou University of Traditional Chinese Medicine , Guiyang 550025 , China ;’ School of
Pharmacy , Guizhou University of Traditional Chinese Medicine ,Guiyang 550025 , China)

Abstract; In this study we investigated the effect of puerarin on hepatocellular carcinoma by regulating ferropto-
sis. Network pharmacology , bioinformatics and molecular docking methods were used to comprehensively analyze the
common targets of puerarin, ferroptosis and hepatocellular carcinoma. The intersection targets were PTGS2,
AKR1C3, JUN,PLIN2 ,and ALB. Among them ,four key targets (AKR1C3 ,ALB,PTGS2,JUN) could bind to puerar-
in,and the differential expression results showed that there were significant differences. THPA verification showed
that the expression results in normal human tissues and in cancer tissues were consistent. Clinical correlation analy-
sis showed that all four targets had outstanding clinical significance. Survival analysis curve showed that AKR1C3
had significant survival significance in the ten—year survival prognosis analysis ( P<0.05) ,while ALB,PTGS2 and
JUN had poor survival significance (P>0.05). The ROC curve showed that the predictive ability of AKR1C3 had
high accuracy (AUC=0.945,CI=0.922-0.968). Immune infiltration analysis showed that AKR1C3 expression
was positively correlated with the infiltration of macrophages and other cells,while negatively correlated with CD4+
T cells. In conclusion, puerarin may regulate ferroptosis in hepatocellular carcinoma by targeting AKR1C3 gene.

Keywords: puerarin,AKR1C3 ,ferroptosis, hepatocellular carcinoma

5 I BOEAE . I DIR R R EE | A 3% 2 15 Filst 1%
P RIEEAFHE R, KRB eE R, R
AU BT 4 R ( Hepatocellular carcinoma, HCC ) £
AVERR R — SR A KO B SRS R IR REAE AL T AR A T R AR DUz, U HGR Y R

0 3l

[l
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IR FRRCN S X, HCC ZERERR N “ HFRE S — K
7 B R HE R A BN B AR T 5 5 4 0 A
552 0T BT R 30 AYUT ANBETS, 45 Bk
FRAET A 51.2% Y HA RIRIRIE R 1E K R
P A PR 22 FET R TS TARDIBR %
TR R LB/ R B R R SRR 2
IRYT R R R R AIR TR, T HCC W
Z LN GEAL | V4 24 SUAT B — 8 A IR ARXEAT 45
UFRSTRC 25 B 7 R T 24 AN B S ) 45 Gk
F, PRI AR h B 254 B 42 Fli2 iR HCC K
RO RSB 200% BB 24 25 Wy 1 P AR il o =
B,owmA Ay h R RA ZA N A2
SR P EAHMC G, e [R] 2 1 190 96 25 58 s i R 110 Ry
K PRGN DT N R T ORI
FHLA—AT5 ], A WE 5T K B rh B2 P 2535 1
FHAR W3R S AR R TS SR v R 2 B B g L
Y AU TH AL T R AR 2 i LA JOR B 22 1 F 5
N G A 7 TR 18 T 2435 1 18 Ot g VR
BLHI AR T KO M 5%% 07, AR 2% 245
PRAE 7 N2 I3 — 22 L [ - 2230 s 1 46 B2 R e
FINTERLH], 5hEE RIS &,

BRSO R ) B 5 0 TR AR AT i LR
% THHIETE SR T, v TR T ANE R Gk
Jo R 1 Ve | T AR RUAI RE | e B g A E
HEABUEI e B R R (Puerarin) , AU FEH A
T AT R A el I VRE PR, ARG O ILFE AR
B R ELGE IR O S N B R R 4
fgtT bR TS A B R AN R Y LA — e i
il

ERHET (Ferroptosis ) f=—ZNHAET- 7+, B
BAasiE > 2R AR Yo A, A
—SBRRHE L PR e A A8 Ak, R ER 19 ROS 15 4=
SRR LRI ME BT E AT &, 5 2 Fh 2B A3
PRIBIRR WY, B IR 3R B, Ferroptosis I fig /&
—ANIE L P AR AR BRER A O E T, A
R, Ferroptosis 7= RN AEJE 1R IT HCC BT EML
il 2 —"1"2) Ferroptosis & 42 1] S 26 40 ML E T,
JEIE 2k AH OC i % 78 T 1 B IR h k4% AR
FH(23_24-‘ .

ARG JETF GEO( Gene Expression Omnibus )
B B HR B AP 22 S N BE A £ th A28 R
WG B 2530 7 B R % HCC Y A%.O 2 R S it
Bl B RGe o, AT i — A0 s PR HCC KRR K

BB i PROEHTE AR R BT HCC 28t —E /Y
PRIEHER

I RS

1.1 KEH Y3 b

Rz AW e R GHE I B MR R A REE A,
TE TCMSP ( https ; //old. temsp —e. com/tcmsp. php) |
HERB ( http://drug. ac. cn/) , SymMap ( www. sym-
map. org) XIS B R G 2R Puerarin” KK HL
ZAHL R, AR A SMILES 7 51 9UR T Pub-
Chem ( https://pubchem. ncbi. nlm. nih. gov/) , & &
SuperPred ( https ; //prediction. charite. de/) ,SEA ( ht-
tps://sea. bkslab. org/) .PharmMapper ( http ://lilab—
cn/pharmmapper/) |

ecust. SwissTargetPrediction

(http://www. swisstargetprediction. ch/ ) %5 5 g 5 H -
A LRI G, H IR R SRS I EEE I,

1.2 HCC & h BAEIE R

M NCBI - GEO ( https://www. ncbi. nlm. nih.
gov/geo ) FARIUASCHT U AY HCC S8 7 88l , T 3¢
MINIML A% 3CH Uk Kb , 2645 1% GSE B4R mh 42
. HEA M GSE 3 4 i iR 1 58 &% BT KL
GSE33006 ,GSE45267 73541 7% HCC 2141 3 46 {4,
FEor 213 41 ), 6 BF 58 2598 R “ expression pro-
filing by array” , ¥ # A “ homo sapiens” , *F 3 % 5
GPL570, Kl SR 1 A 1o 8 A 22 S e TR 2 15 4l
e LR GEO2R ( https://www. ncbi. nlm. nih.
gov/geo/ geo2r/ ) IATERIE . #EVEHEN] Ky P<0. 05 F
log FC>1 3} log FC<—1, I K% ID A5 gene
symbol ,

1.3 F5IB4k 30 T 540 £ JE ¥ b

FerrDb % #& ¢ ( http : //www. zhounan. org/
ferrdb/legacy/index. html ) J2& H1 25 A BA 3 [] 44 2 14 5
—MPICT R RS, YA TR AR IR UK )
R B R 3R B FerrDb BUHE PESE PR, Excel 3
M m A R 2

1.4 EBREZ-T-MHmioEiEEE
3o 5 09 R

B MR - BRI T — T 4 i e B S A Y
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4R 25 i 7E 28 T. B Venny2. 1 ( https://bioinfogp.
cnb. csic. es/tools/venny/index. html) KL, IR R
FERVERN T —Br BO s i B I B AR R 558
LR S ——XT Nz, FIH Cytoscape 3.9. 0 {4 #4 i &
R -BRIE T~ —#E A 2%

1.5 ABEAXHE,H

Ry R G A S e R PRI R I 22 [ ) O G T  FR
il R3. 6.3 MUASHA TG40 A AT WAL B AR &
—ER BT — I 40 0 9 AH B A FH A4 3 PR 3 26 2 8] Y A
?é‘rio

1.6 T

hy BT R R A N B AR R 2 (R Y 4 5, AT
HEFT A3 % 4 . SCHE AR 1 AR AR S5 A4 I Uniprot
( https://www. uniprot. org/uploadlists/), % R &
MOL2 Z5#4 1 B F TCMSP F1 PubChem #4152 315,
# A Discovery Studio 2016 Client FX {4 5% jifi 53+ %
%,

1.7 EFFEESH

GEPIA % ¥ 53 1 F & (http://gepia. cancer —
pku. en) FITHFADCHEEL I FE HCC M B R HZ Y
FKik2 %, Bk —L7E The Human Protein Atlas
(THPA) £ ¥ £ ( https ://www. proteinatlas. org/) H!
IR KRB E PR RN, ZE A EALIE,

1.8 & RA8K MM

UALCAN ( http ;//ualcan. path. uab. edu) j&—3X
PR R o Wi 4 2 B 52 AT 28 BT, A
WFFE P B R T e A 2 < B4 . TCGA” 5 “ Enter
gene symbol (s) ; PTGS2 L AKR1C3  JUN ALB” ; “TC-
GA dataset : Liver hepatocellular carcinoma” ; “S100P
expression based on; Individual cancer stages, Pa-

tients” s gender, Nodal Metastasis status”

1.9 A BTG NH

H Kaplan—Meier Plotter ( http://kmplot. com/a-
nalysis/index. php? p=background) J7 1Al 3T 56
EHERE DR R 1 i A 2 B Y < e R IR XU 2H 22 ]
22 57, P Ko (B IR Ik 4RI 73 - survminer
F1 survival F R 300528,

1.10 ROC ¥ & 5 #r

B TR TCGA-LIHC, FAIBES AR (https://
www. xiantao. love/ ) 7E £&F2 ¢ Fh B9 “ Ilfa PR M B
2 CHEHE 1 ROC 4k,

1.11  %RiziE

TIMER ( https ://cistrome. shinyapps. io/timer/)
Btk PRI SR B DR e K K - 5 e IR T B P
ZIRBSE AR HEROCHEIEIN 5 B 40 CD4+T 41 |
CD8+T Z/d | v Mbr 4 i | I 0 200 i FI RS S AR 240 i
X 6 Ay AN IR R

2 #R

2.1 EFARIHL

{138 i3 GEO 3k 1§ HCC & A 4 4
GSE33006 il GSE45267 , 43 5l 61 &% HCC 4121 3 46
5, a5 ZH 20 3 41 ), 00 A IR 5% 28 B A “ expression
profiling by array” , Ff J& 24 “ homo sapiens” , *F- & =
GPL570, 4niE 1A & 1B s, B4 GSE33006 it
I — LA AL 3R P<0. 05 ik, A 4161 DR
FEIRFE Hoh LR R R B R 4 A 18361139
A WE1C FE D Fis, R 4E GSE45267 #E17
IH—fL AR FRF P<0. 05 ik, 159 1579 25 7R ik Ht
B (569 1~ LA 762 A~ TR ), Lt s
O B, FRATTHIUCEN 3 AR 28 FNER BB T A7 RUCHE w43 30l
368 1~.259 1~ FATHE A ER R 25 R 3R
TR HE R RIS AR R A A5 BRAE T M S S R AT 38 4647
B, 25 RN 1E Fias, iX 5 ASEPREAVE S FRATE—
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Study on the co—processing technology of Rehmannia glutinosa and Polygonatum
sibiricum”

DAI Xin, YUAN Rongxian* , FENG Fan, YANG Renhui, LIU Tingjiang, ZHOU Xunrong, LIANG Chen,
CHEN Lida

(The Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine , Guiyang ,550002 ,China)

Abstract; In this study the co—processing of Polygonatum sibiricum and Rehmannia glutinosa was realized. Dur-
ing the steaming process , Polygonatum sibiricum soaked with Huangjiu was placed in the lower layer of the steamer,
and Rehmannia glutinosa soaked with Huangjiu was placed in the upper layer of the steamer. When the ratio of Reh-
mannia glutinosa to Polygonatum sibiricum was 1 : 1, and steamed for two times(5 h each time) , both kinds of me-
dicinal materials reached the processing requirements. The processed Polygonatum sibiricum was black on the sur-
face,and had uniform texture ;the processed Rehmannia glutinosa was “black as lacquer, and sweet as maltose”.
This method has improved the processing efficiency and reduced the waste of medicinal materials. The processing
process has the advantages of simple operation ,time—saving,labor—saving and energy—saving.

Keywords:;

Polygonatum sibiricum , Rehmannia glutinosa ,co—processing, process
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HRER 3 ~4 em JE X AMF T 60 CHEZ 6 ~7 1
T, &M, TEREEHZER N IR S 25 S
JE R 0.5 h, B A SR st P A 3 ~ 4
em JE A AMEAMEE 6 ~7 BT, &
2.2.3.2 B TRFEN

BBUSRS — R 2 Tl - 1) T 22 Ml R ) EORG 4 IR
2.2. 1 JPiE TS () 250 5 O i TR R
PESTIRINE 45 . PRI 2.2.2 TR, $EX MR 245 1
[k he A ZEVAM, AT 5 k5, 751 4 h .5 h 6
h i 1 h 38T 35 K 20 St 8 R B OA 5
B TR 3 ~ 4 om JB 26 AME G EHLRS T
B BIAR ., RZEOR B 28t N TR A 2 7 4
AY0a R 0.5 h 247 AR 250, S IR U
B HA BB P S 3 ~ 4 om JB 26 AMLAS
TH B BAS

3 #R

v SRS B AR 1 A2 4 i ] B st ) 2
T PR AR, A5 280 0 TG 220 b 8 R o] RO o e
FEPP AR AT MEAT 41 o ISR () 8 o T LU
OB SRR 1 s LR 1.5 1, 2RI
[ 45U 5 h FIAEUR 6 h, 2 Tl HE R P T 228 e 8 R o)
HORS IR AR AT 5 0 1] 5 0 B A | 245 119 48 M il
) FIFERE % I8 B B SO R LS - 1,
RN, TR ZE RN Ry 5 h st z8 i 7 %8, i
N2 #3,

®2 OERMEEBRITSR

SR B T K =G
(34r) (144) (24%) (14%) (34r) (104})
2Tk 3 0.9 1.9 0.9 3 9.7
it@%iffjﬁ;f(o's 25 0.7 1.6 07 26 8.1
B HORT LRI (0.5
2 1,5h/7 %2 1R)
5 HORT LRI (0.5

LW

3 0.9 1.9 0.9 2.9 9.6

3 1 1.9 09 29 97
S 1,6h/% 2 )
HhHE 5 RS Lk (1
BRSFREME ) 0 07 16 07 26 82
S 1,4h/1K %2 1K)
B 5 R 3Rk (1
BRSRAME I 19 1 29 938
2 1,5h/% %2 1K)
HUHE 5 R Lk (1
BRSRRERE A 1 1.9 09 29 97

:1,6h/7K %2 1K)
e e
ifﬁl’ﬁi?ff*/j}if“'s 26 0.7 1.6 0.7 2.7 83
S HORE AL (1.5
2 1,5h/% %2 1K)
#5155
:1,6h/7K %2 1K)

3 0.9 1.9 1 2.9 9.7

1 1.9 0.9 3 9.8

x3 FIEBESRITESR
ShEW Bl b < wo B

RETE 3 () @) (4 (B4 (104
(WIS 2.9 1 2 0.8 3 9.7
2T 28 09 1.8 09 29 9.3

Hb 3 5 HORE AL (0. 5
0 1,4h/IK #2 1K)
S ERE L% (0.5
2 1,5h/7 %2 1R)
5 ERE L% (0.5
0 1,6h/1K #2 1K)
M 5 HORE L (1
21,40/ 1K %2 1K)
Hb 5 HORE L (1
£1,5h/ %2 R)
M 5 HOR SRR (1
0 1,6h/1K %2 1K)
b5 HORE AL (1.5
2 1,4h/ 1K %2 1K)
Hb 35 HORE AL (1.5
£1,5h/ %2 R)
S EEALRIL (LS
0 1,6h/1K #2 1K)

2.2 0.7 1.7 0.6 2.4 7.6

2.4 0.9 1.9 0.8 2.6 8.6

2.6 0.9 1.9 0.8 2.7 8.9

2.4 0.7 1.7 0.7 2.5 8

2.9 0.9 1.9 1 3 9.7

2.6 0.9 1.9 0.8 2.8 9

2.5 0.7 1.7 0.7 2.7 8.3

2.9 1 1.9 0.9 2.9 9.6

4 it

XM S EOR S BORT AL S T 2 Mk
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T 7 s, ik 4,
R4 HMEMEBEEESERBERTEHEELR

LETH Hb 5 5 R S HORESE T Lk
, RIS
3 2 = ﬁ 1 ’
DI BN SMER,
e TR TR T
ﬁggﬂb 10 h( G0 TR kT30 b

R
s ig;lﬁz %UTE;EE U R B
fib 7 e PO R e R 0% ~75%

KT 85% ~90%

Sl i & R

b 55 BN LA BEAR L A 2 A B P
AR A TR ) BORS , B BORT BEIA B ) H A9,
REIR M ) H By, T 29 1 15 508 P25 4y
T A&, 0 2 AT IR 2% g B 2548, 158 25 11
GO Ll A ek 2 ) s o R R FE R 2 i
TR, A2 R 5, By IR PR BTG 9% Mo 5 3
G ILHAZE fl i RAERS 10 h 247, R FAE 5 ik
(30 h DAL 5 e ik RE— 25 WA, [ i o 45 ) 0 B
T BT T BORT B0 2 B P 24 R T RSOR LA St
JHRETAL . T EH &R 5, B 8Ae, R, A
T3, EREIR . Z&HI 2R OR A S AIT,

ARG SEPRA S e, A 28 T A f b PR 25 T
ZRICNZI N 7 HARE A EL, o n] DA g e 2%
PR ATEIZRIUR AR RN AR 25 R
I AZRIRAR ), 2l A ZR IR A I S
PGB g I 1A] R ; S B RE A B SR AN B G
AIRCR s BORTREIR BISNRROADERE, WANY S —3L
MOCR . PIZG AR L G o 2K, AR R
PO ST PR S ik B 25k HE A HAR
BRI T B R LU AR G e, B PR G
PO 5 3t B A5 2 A A e, O R e A A
LRI A R IR SER AR

Z P FH BEORS P B it o A S DR o [ A
MIROCR , Z& IR R T 4 h 2247, R I A5 7605,
A B AR, T EL S D) A AR T
A BEORS A 2 o AL D, S B T LB R
RAEF= AL 2R, IR ZE ] Z UL A A K B

JIE: HRBRAR AP 24 49F 5 S48 BORS 77 i in T p%
PR HIESR, FEfeGedr ik, il 308 15 b s R 2
ZE 5 YD, R ) H A RE T U, 2t 2k 0y,
RAL, ALGEIE R BORT )™ 0 TR ) 2 O ik
FTB LR 29 AR, ™ o A ] — A A 4
ARNHRFGE S A5, R T 1 Rt
F1 R 56 5 (AT A3 T S R A R i
St i T BORS ) i e ) — R B 4
T, b B R RIS RK
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B F,BAE FEE, X W

(BNIME =R A ShPpaebe, 50 Bt 550018)

B B, AHARLATHRT AR LEETLEFTEFN,AF R B L AR S, 5 L3 P49 Hg As.Cd Zn,Cu, Cr 6 #F
ETABAFHATTNE R aA A LB T E NHET 5677 £I8H0E R E A SR HAT LEHT RGN, 2F 5
MEREF BT RABLEF O ELELETAE—ENETF , TEUNCIn FEAE LEFRRAAFTHIRELET
R EFZRR LR TGS FTERATFTERLANT — AT E, KPR ELFT LKA T ERFTE, AEAR
AT R 2R SR T PEFFTEATE, Fab Cd 097 kT E LTI,

KB T, E2RT R, RGN, L

i E 5y %S X705 X RAARIZED A X EHS:1003-6563 (2024 )02-0057-05

Heavy metal pollution in soil and risk assessment in Fuquan Coal Mine of
Guizhou”

ZHAO Jun,YANG Jun,MA Xiaoyun,ZHOU Jinkang, WU Kun

(School of Chemistry and Materials Science , Guizhou Education University , Guiyang 550018 ,China)

Abstract ;
the research object and the content of six heavy metals (Hg,As,Cd,Zn,Cu,Cr) in the soil were analyzed. The risk

To study the heavy metal pollution around Fuquan Coal Mine,the soil around the mine was taken as

of the soil was assessed by single factor index, Nemerow comprehensive index and potential ecological risk index.
The results showed that the contents of the six heavy metals in the soil were different,Cd and Zn were the main con-
taminants in the soil,and parent soil material and human activity were the main sources of heavy metal pollution.
The single factor index and comprehensive index showed that the soil was polluted by heavy metals,the comprehen-
sive index of most samples reached severe pollution. The ecological risk assessment showed that the soil in the min-

ing area was moderately polluted and the pollution of Cd should be controlled.

Keywords: coal mine,heavy metal pollution, risk assessment, soil
5 R %, T3RAE N SR ) A A7 AN AT e /D ) ) ok
0 3l Filh, LR e o AR 2R R W - 88 P B 3R W B R k2T

R, e mb i Y n — R IME B e 2 ik

RERAE N TR EERRIR . —AERBIRTF R A 1 A XA P 25 2 B — 2 13 I 5

— L IR AL, (T TR v 4 R A W 2
# THOMNRIE PO AE SRS IR W) IR N IE RS AL, &
2 X L K B KRB EEG RS
FEARE T U A SR MR, RIS R
15 B0 B Bt M R P P A T AR AR

SlEARMPR S, BRI TG O T+
HEAEE MUK IRBE TS e iy 22 R 5 YL R, B B 3%
] 3875 YL SVARTE AR SR, 2947 2000 J7 78 A
HAEFEEEZ 5] Pb.Cd Hg As .Cr 5 E 4 @154,
Hrpr Cd ,Cu %55 4 J@ 15 Yo - 5 vh i 2 Te LS
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Yy, BER RS A E] 7.0% F2.1% ),

St BT BRI e A TR VY R X
FERRIE KA LR, B 7 R RO R G R
Y R T R HE AR X, KR
B2 AL B E G AW i R A, 5
S 4 R AN ] ) 3 A A IR0 P R, 1 T BB
T35 Y ] SEURROME Tt ] T8 52 JT LA 2R 53 A 1Y) 4 3¢
FARIG YN H FR 200 R R IR
hFEE CIRIA L B A BRE S A S TR
FEEIR AR A 500 T I, A i B i (R R
U8 AR | Bl TR SR A 18 in -, S 35 i A5
ZEN T — MR, HETS N i T g
Yo A FIPEH CLBE S 1 4, {E6 i SR Tl BT X 4 458
ST FE 8 A WARIE T,

ARSI X 1 145 6 FPEE 458 He  As Cd |
Zn Cu Cr W& AT 5007, R 5 R 48 B0 25
B R B0 AT AE RS 18 550 55 R X s
B RN A S AU R AT PP, BB 4 I R % X ]
1 S Y A S T Y R R A AN AU S R
B, N E ARG YR EL M X R L+ e it —
TE AR R %

1 #EFTE

1.1 #sRERH A&

MR A DX bt T A7 40 A A0 oy e g AL, DA
Ryt X i 1 A HEREA T A SORAE B 2
Ik 8% 5 5 32 T A AETE SR R AR SRR IR EE N
20 em, FHEREFEOMEN— RS 2648 TR
IS G % s A e SC I = N PEE IR T H AT
b e 2 = S SR | o wk B S D] g S U S
IURE  BESRAIFEN 5 100 H i 4840

1.2 ALE L5

AA-6300C JEF M4 e BE T, H AR B H X
FATBRA T AFS-8220 J5L T2 0GB I, Jb i
IERAT BN B ATX —224 HL T KF, HAS 1 e 2%
ABRAT,

R (HCL) 8RR (HNO,) (&% MR (HCI0, ) (&
SR (HF) , g2t [ 25 4 A R | 242 7= 5 1000
mg + L' Hg As . Cd Zn,Cu,Cr bRy, LT
SRR R A BRA Al A=

1.3 #Hmamb5ae

1.3.1 Cu.Cr.Zn Cd #bF 7

Z IREZFrE HI 491—2019 *f + 17T AL
U MERIFREL 0.2 g 1 575 - HERE T 50 mL R
VU W M 8, 28 AR /K IR IS in 5 mL HCI, L #AAR
I T i RE B HCL B2 2 mL A,
J'5 mL HNO, 4 mL HF 2 mL HCIO, , 4k£:31 fit Z4E
i A HREL L R 1 R H S E A E 50 mL, R
(I EE P [RVRE 9 5 0k AT aRE 25 11 0 A v R Ak
BEHBR TR R 2%

1.3.2 Hg.As {bBEJ5 1%

S E Z bR E GB/T 22105. 1—2008 Fi1 GB/T
22105.2—2008 X e iE 17w Ab 12 o B B EL
1L 5 ) 3ERES 0.2 ¢ T 50 mL LA 28108
KR, MA S mLL = 1 [ EK, 7E 100 °C 4k EE 7 i
2 h, G EAZE 50 mL, R, [F B R RRE A4 )y
AT IR AT RN - AR HERE AL B 3 bR TP AR
ALFRIR2Z

1.4 T&£EBEMNZ T *

T 4 FE4JE Cd Zn, Cu, Cr FH 1
WA BE TR G TE AT I E  FE e R S 0
WT | Lobe=23 Sk M e A o0 28 AR KT Hi 7 R e 4
FEFE M SRAETT W0 5 AN [ e B A v 1 VR o 4 i 5 1
WO, DA 4 85 TV BE R AR A, WO B S Al
FRVERRAE M 2k, VE G b v il 2 J5 A Ul 2 R 2
F H3EEES R Cd Zn Cu Cr B 48 0 TOE 1, Al
FAMRE TR Z A G B3RS Cd Zn Cu,
Cr EEJE M & BRI E 3 Ik,
SIS AR 3 IR RN . 7RI E S
A SRR IERE AR S50 5 1 B A P AT SRR N
SRR PR E I

3 He  As 5 4 & R R 28 06 s
AFME , LAk A AT A6, A o 2 Mtk
1% SR 2 I 9 2% T 0 R TRV B Hg | As A HE VS W
ZEEIE, LA He \ As B F Mk BE B As b, 56 E
YPAPRVERREM 2 . VELF BRI M 25 MU e A
25 RHERE L P He  As T 48 A9 TR ME, R A A1
PR R 2 A G AR P He As HE R
() B i B RS AT E 3 IR, I A S I 4 R
3 W TPHMER R . FEDN A 2 A Hh 4l A = 38R i
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FEARDRAE S0 75 5 B MERA 1 | m] 58 1k A0 S 36 A A Y
TENE,

1.5 RIessi ok

N T WG FF & Cd Zn Cu Cr Hg As B
— B BICER M 6 il 48 25 & KR R i i 1
S LA YR B e A A IR i 3 AR B A e I, R
FHBAE S0Pt vh W T 22 A BRI T e 4R 50 |
P 55 15 Y A8 0 R 70 A 25 XU 8 0 X J
A i 00 4 498 4 T W T e R R RN AR S KUK AR AT F
W MG A R

y c
BLE Y

PASV=S b 3K Pmax2 + Pe uz
(2) NP LA T5 085 P = fq

(3) OB TEASHRECE =T x P,; W%
FELESISTE R R = Y E!
i=1

X, C o I E GRS S, N E SR R
P AN TR KA P, A SN TR RO MR
T JHE 4 JE 0 BE M Y R, Hop He  Cd | As Cu,
Cr . Zn fREER I R EUK IR 40 30,105,211,
SRR 5 0 AR OGS S DA A AR E AN 3R 1
Bz .
®1 P, P.E R MEHSREETFNERRE

P, WREE P WREE L RERE R fiFRE
Pl P<0T R EH K R0 BE
I<P<2 BiE5h 0.7<P<l E@ 40<E<0  h 150<RI300 PR
2P<3 PELE 1eP<) RIS S0<E<IO0 B J00<RI<600 EE
P>3 R 2<P<3 iR 160<E<320 HE  RIZ600  E
- - Py EEE O EZN0 E - -

2 HRESW

2.1 ERFEEBEESEOMN

WX R IERE S P E 48 Cd, Zn, Cu, Cr,
Hg As S 1% 2. Hg  As .Cd . Zn ,Cu ,Cr “F¥ &5 &
439 R 0.13 mg/kg, 0.67 mg/kg, 1.90 mg/kg.
651. 58 mg/kg 67. 12 mg/kg . 115. 39 mg/kg, Cd.Zn
(112 55 R T B, BB Cd Zn R TE T
Heh B T AR R S % Zn (Cu Cr TTRIEIZIX

BN HEZERBK, Zn TR GRS, e &
i 1701. 89 mg/kg, Fe k&% &4 279. 24 mg/kg;
Hg As it R ind HIEH S, XFEZEER N
Zn K5 T I 3 i v RS I RN R Sh LI i, S BUR
A Zn 22RO, Cd Hg il As £3%E
ok AT HERE T B LS AR

F2 TESELEESE(mg/kse)

FE 5 Hg As cd Zn Cu Cr
1 0.17  0.87  2.34 844.87 52.25 161.58
2 0.16  2.14  1.92 904.24 59.39 165.57
3 0.17  0.92  1.10 567.36 33.38 273.34
4 0.07  0.13  1.28 279.24 29.98 246.32
5 0.04  0.36  1.68 342.82 29.96 179.52
6 0.03  1.20  1.47 384.30 72.44 107.15
7 0.04 0.16  0.25 325.32 53.31 94.31
8 0.10  0.18  2.10 1701.89 61.91 127.00
9 0.03  0.21  2.27 298.63 80.59 69.29
10 0.24  0.70  3.25 325.42 80.90 82.03
11 0.19  0.81  3.15 1366.36 44.68 41.20
12 0.11  0.45 2.29 670.07 36.20 39.94
13 0.51  0.27 1.72 379.21 26.63 61.75
14 0.08 1.14  1.80 346.14 308.01 38.33
15 0.07 0.55 1.89 587.90 37.19 43.53

S 0.13  0.67 1.90 621.58 67.12 115.39

AR EE/ % 94.47  80.85 39.61 68.30 102.93 65.48

5 5t R BORRAE i 8] [ 28 4 A8 S R R/ )N
1) S e, 50 K 3R HL i 4 s 1) A8 S R R A 16
N R 16 sl it J8) i 3 8 B 75 G ok, 2
MG Qe 2ok [T HARTE, 2 5 RECV
>36% BIVJE T 5548 5 240, W F i R R o 6
FhEE 4 @ T R 12 5 RETE 39.61% ~102.93% ,6
P e 42 JR T R 978 SRR B i R BI/MERICR Cu Hg
As Zn Cr.Cd, B R REINE T 36% ,i8%3) T =722
SRR, LB A S R IS Y LUE R R R
TE S AN AR R 3

2.2 RV ER BT REN

KRG X A i T 6 M 4R 175 Y
JE XA it o 4 T 1 LR T T A HORT N A B 25
BTG QAR T BARSE R ER 3 R,

FH 3 AL I JE i - e A B R 775 e 4R L
7£0.01 ~10.85 JL I N, 6 Fh i 4 )8 1075 Je 72 8
= EME A AR IR A Cd \Zn (Cu Cr Hg  As;15 K
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FE&S R He  As FEARLL T TCT5 Y K- Cu A1 Cr 4351
A 1AETGY 2 ARG YOREE S T Y & H AN
6.7% 13.3% ; Cd . Zn ¥R RBEE G YL, Cd Ik
A 14 A RAE SR TEIS YK, 5 ik 93.3% ;
Zn JTCRTE 1S A RAE DI AAAE AR R AR B 175
Y 100% , Horp hb FE s s gy BRis gy
LY RIRFEST A 4 43 8 4, MWNHED &5
BIGYARROT A IS R e 6 FhE SRS
TG YRR 0.99 ~7. 83 LRI, bk 7 SHEM N4
KA AT RIEBI R T 2,658 T EE G Y
J¥ ;Cd \Zn REEA TS YA BN BB STk, 2
AN TG ITR,
*3 THESESLBETIEN NETSMER

FEdh LSRR TE =514 Ge

$'F Hg As Cd  Zn Cu Cr M 15 YR AL
1 0.07 0.03 7.80 3.38 0.52 0.81 2.10 5.71
2 0.07 0.07 6.40 3.62 0.59 0.83 1.93 4.73
3 0.07 0.03 3.65 2.27 0.33 1.37 1.29 2.74
4 0.03 0.00 4.27 1.12 0.30 1.23 1.16 3.13
5 0.02 0.01 5.60 1.37 0.30 0.90 1.37 4.08
6 0.01 0.04 4.8 1.54 0.72 0.54 1.29 3.58
7 0.02 0.01 0.82 1.30 0.53 0.47 0.53 0.99
8 0.04 0.01 7.00 6.81 0.62 0.64 2.52 5.26
9 0.01 0.0l 7.56 1.19 0.81 0.35 1.65 5.47
10 0.10 0.02 10.85 1.30 0.81 0.41 2.25 7.83
11 0.08 0.03 10.50 5.47 0.45 0.21 2.79 7.68
12 0.04 0.02 7.65 2.68 0.36 0.20 1.83 5.56
13 0.21 0.01 5.73 1.52 0.27 0.31 1.34 4.16
14 0.03 0.04 599 1.38 3.08 0.19 1.79 4.42
15 0.03 0.02 6.30 2.35 0.37 0.22 1.55 4.59

2.3 EEFERRLESRGIFH

D30 b 6 B 4 8 1V AR AR SRR A
BRSBTS TEAE S XS AR BN R 4 s

MR BT 7E A S KR F8 BOR B L 6 Fh i & )8
X X A3 y5 YL BE o Cd>Zn>Cu>Cr>Hg>As, +
e 6 M E 48 Zn Cu Cr Hg As JTCRE R RIS
WU HE R Cd b HAR BB AR T 40, A T2
SR 7K 5 Cd TTER AL T e B2 2 5 A 25 XU 25 2 1Y)
FE G ORIk 93.3% ,Cd 4 i A B d R,
SR HMER RS RS e, FEUH IS
JAURS: S5 0 55 e O B P S T A A 2 XU 25 2R ]
I AZH X A 6 P 43 R 1 S TE A B o AR AL

4 30.37 ~335. 83, (N 199. 53, 3R F B Ky rp
JEE A 25 XG0 VA AR . P R TR A o T 2
TEFGIS 5 A5 20% 66.7% F113.3% .

R4 TEELEATUBEESIEN SBEESER

PSS Hg As  Cd Zn  Cu  Cr BUEEAESIEH

1 2.90 0.29 234.01 3.38 2.61 1.62 244.80
2 2.62 0.71 192.13 3.62 2.97 1.66 203.71
3 2.85 0.31 109.58 2.27 1.67 2.73 119.41
4 1.13 0.04 128.22 1.12 1.50 2.46 134.47
5 0.73 0.12 168.01 1.37 1.50 1.80 173.52
6 0.52 0.40 146.84 1.54 3.62 1.07 153.99
7 0.70 0.05 24.71 1.30 2.67 0.9%4 30.37
8 1.62 0.06 209.98 6.81 3.10 1.27 222.83
9 0.55 0.07 226.87 1.19 4.03 0.69 233.41
10 4.06 0.23 325.38 1.30 4.04 0.82 335.83
11 3.25 0.27 315.12 5.47 2.23 0.41 326.75
12 1.79 0.15 229.49 2.68 1.81 0.40 236.31
13 8.54 0.09 171.75 1.52 1.33 0.62 183.85
14 1.35 0.38 179.79 1.38 15.40 0.38 198. 69
15 1.09 0.18 189.04 2.35 1.86 0.44 194.96
YA 2.25 0.22 190.06 2.49 3.36 1.15 199.53

3 #ig

SO SR T A X R e ATk
PR, e 6 A E 48 Hg As .Cd Zn Cu Cr [
Fa s 0. 13 mg/kg 0. 67 mg/kg.1.90 mg/kg .
651.58 mg/kg .67.12 mg/kg 115.39 mg/ke, H 4 &
FHELL Cd Zn BRUNF, FERIE T XIFR AL
poizkin ., HN TS YRR 2 55 15 YR B0 T
WERH B DX 3 A R AR B A 2 B R 5
V5 YA B M = B RAKIK A Cd  Zn Cu Cr Hg As, K
RO ISR G TG AR BOR B 7O S R,
Cd \Zn J& EB RIS ROCE I A S NS AR BT R,
Jiil 320 A 8 H 4 Ja A A IR R AR R Iy v B A 2 UG
TR, Cd XA AR 2P 1) s T ot
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Deformation failure mechanism and FLAC’ stability evaluation of Mazhai Vil-
lage Landslide in Daping Town, Duyun City of Guizhou Province

LI Wei' ,ZHAO Fu** ,ZHENG Tingting'

(! Earthquake Administration of Guizhou Province , Guiyang 550001 , China;” CCTEG Xi' an Research Institute Co.
Lid. ,Xi'an 710077 ,China)

Abstract ;

paper used comprehensive engineering geological survey methods such as geological mapping, high—density electri-

Taking Mazhai Village Landslide in Daping Town, Duyun City of Guizhou Province as an example, this

cal geophysical prospecting, drilling, and geotechnical testing to find out the formation mechanism,landslide mass
structure and deformation characteristics of Mazhai Landslide ,and used FLAC™ numerical simulation to analyze the
stability of the landslide. This paper provides a reliable basis for the next step of landslide engineering treatment, as

well as reference for the analysis and treatment of large—scale traction landslides of the same type.

Keywords: landslide of accumulation layer, formation mechanism , deformation characteristics , FLAC®” | stability
SEHb I FE
0 58§ T AR — A kg 7™ i %) b B O N AL e

T REIUH B TR A E TR A A

TELTFERMRA KRR T EHRE W™ Ea, P, e SO X TR &P —

BB TR RER , TR BT T T ROy
FR . BEAE R TR R, 2
PR MU A SE0057 FZ T7 w85 31 39, A oy = B30 T4 X
T o M 00 A A DA, R S 2 A V8 i T
DX, i TR A T MO R R AR R
WFOR AP IR W 2 R TT A T LA T B

ANER TR, A M b D RUR
Wtk E  HAETERA T W R BURAE | BIVS 2%
WORFG BERE | BERE T T b — Sl N A o
BERE il ), AT xS I 22 38 52 T s 45 2K U )
TR o R T R W B e s ) 1 A 43 A
JEANTI ST AR AT B S S R A A



=M B 42(2) .2024

Guizhou Science

63

M A TSR 2 AL ) A
JAERHETE , VORT A F AR
(Kb, TR B TSR R, 283 & 9 50%
S TSRS B K B
5.

1 B B IR R AR

1.1 AL

SN ER A R S FE A T A T SN IR
g b WP 2 AT | )5 BE e R
50 m, 52— WS A = IR, W AT SR S A — i it
BB TR RS Al K 2 450 m, B 5E
29270 m, SR b s w A, AiBE 2% R BE (18]
1o

BEEHE

B 1

TET W P S B E R 820 ~ 850 m BUA — W hi 5%
YoV, 9629 100 m, ZIEIE T LAY R P2 . ) i
PRI Sx B PR AR 24 300 m, i & 5 4 5 2 PE % 2 24 70
m,, PEENAE R, 5 AR A A SR 23 m, TR
AR JEE R I 24 26 m

1.2 HHz

I DX I BT GERL, 255 b BT 2 | % B L )
WO XEH 4 ZWE (K 2)

D, i

-

P iz Rk
[t it

(@it se
=g =ik

0 50 100m
—————

B2 HEMEE

F, W12 0 DSR2 A T S 280 I AR V8 E
], RN W2 G e 4 3 A e e A
s TUASE A I ER R A s S, F, W2
ARl FL ARk TN 1 % B E T R A I T R, A )
RG] VG A 2 650, B2 W4 2 ~7 m,
FEHH AR S TUA WAL Z A AL 1 Wik AR
R IZ W ZE PN 4 F e A IR R AR KRR A, R
il 220° ~ 230° £20° ~22°, P 285° ~295° £25° ~
35°, Fy AR i % B HL v ) R A I 1 O 3T AR Y
e F, AR i 5T U 22 4 0 i 3 R G E
PR R e R M2 B AS, WA
BERAEZTEIR 2200 ~230° £20° ~22° JiE Y, K EH
WIZH 15 FH 225° £ 80° 310° £.75° , A A0 B T FR A7)
#l

— WA 3 S N45°E ~ S45°W J7 [ B[] 55 1 [
1 EHAETN A2 R AR S, A2 NIE AT A )2
FE ) 1 R A 1 T, T S 2R BE IR VR i 1A

TIATE SR N63°E S i B i ke i 04,
TEHAE T B BUAS DX RIS 5 K X3l e Hs A 1 7 24
F iz W25 6l T R i 2 554 AT Tz b A
BRI XIE B T I — Wi 2 ¥y, 3 R A TR — 25
U W3 LT A Gk X 1 ) ¥ IR BE X )
5, W2GEmE T —8GEE T F, g T’
FRBHREHVERT R F, (F, 1 45 W7 28 45 0l 4 1
T A 0 B e s A

It b ST 2 S B AR R WA A oA 4L
O3AE  ERRIAE 2 ~3 m, 2B K, R R AR,
WY A A en KA A RTUA X2
e B 2u L B R BB A PR R AR AR e %
FEL VAT 300 70 1 A r REL 32 B S8 O 0K 5 ZE B 0 ) |, 2R
BRHHARHE, R 10 ~23 m, FEEBHHARRE N 15 ~26
m 3K 5 12 AR ) VYA G, WA O K 6| B K
o AR AR A+ R, AR E, )R 0.5 ~
1.0 m, MAESFLUO I BT . IR AR RIEZA
Yerbe BV S UUE AR U A
JoT A JeE A B U RS | KR Bk, Fe H
nE s,

1.3 KR

Wtk A b 2% SEARAR T, HRTICK, dEdh
TAB %, AR B 50— K A7 thi TR BE7E 18 ~ 20
m, R BO R R B A K R, e R



64 M IIERLZ: / Geographical and Environmental Sciences

542 45

TESR EIVHZ T ZA0 80608 28 E5 1 20 it
AR, SR AR A9 7K S 55 IO A AL O RZ FLBR
Ko XK SR, 2 R0 o E KA,
FEONHE R N B R A R
TSR M, DR T 7K R

2 BREAREHE

2.1 FHARERTGE

AT 5N A ER S BRI L b A m)
LHIBE hZE JEBE” 1Y PR M AR AR AT, 320 O )
201°, fli e e K 29 400 m, J5 B 5824 210 m, {058 2
270 m, WA RIEEZ) 26 m, VYRR 16 m, i
P BARFILY 157x104 m® , 1R 3R A R
wHon KA R IUA WAL Z B RS, R
KAUERUZ W

2.2 YR LEMAFAE

W R o R — W B W =M, 4 st i
BATG(D,s) AFE eTBiba A, 5k
R R R 24 880 m, /5 BE M AL 50 m, HE 1) 57 1
J,:225° £ 80° 45 il , VR 3 22 M 10 B Sk — Y IE )2
F, XE T o0k, Wi 235w 6 E 1), 451 7, {5
1 50° I TCK IR — Wy IEW2 F, K&
() D 2% wp 38, T J2 0T g AL 1, 1) P B0 65°,
WHTEK,

WIS O T A — B 2 R
A & B — AR P ) Y X T 2t
MR A R GE (D,s) A BERb A R L T
NN ERR (€5) HEa (K 3)

i NN -1 YA

| BB vsRAR gAY WS Bl

3 EEEEE

EPHE AT AT &, -6 o8 5
SN 1) 70 R 5 G, T o AR FAGE 1) 5 B
225° £ 80 E AL TFA7, JF — ORI PR A H

—E [ TR T I A5 80° 1 AL K2 F
(K3),

IR SR S LR R AR T 58 (D,s) A1
W R ED A DUR A 2R 220° ~230° £20°
~22° a3 H RN A BT R ) . 225° £.80°
J,:310° 275° (&l 2)

3 BRI

ThIERHI R — R4 5] U 3, 2 W= 55 4t
SR TG SRR, Je 48 38 e 1T BV | RERE M
JEPAR IR A A AR BOY B 3, 52000
FPEESER K T 25 DR B2 W, a0 e AR R I 30 T
8RR M & L (B R 2 815 m, 55 BF i = ok
a2 O —RIR, 25, iTGHARh
Tl A A, FECR A T W B, AR — 2B
b O TR, ISR O 2 A5 R
HE KSR IR EREVERTR AR

4 ERRBEERMS T

4.1 BAFE S

THAERARLR ] FLAC R VRSO 101 x T
], BT Ay Il B S 25 A i R 2 O i
7 S IS A AR 2 J7 i, TR 5k
R 1 AR X % 8T 1, AN A 1
H1 o MR AR A B AE ST SRR | AR AR D A
Buhyi e T Ak, g 4 Fros, R S B A 200

m, B[] B 580 m,
(b) FrfpEmi

(a) BRI CRINE )
B4 BEIRBE FLAC iTEERE MR B TR 4

]
et | £
B
it
S|
=
g
§|

HHARRIARYE A A7 B A AN A B 2
ZHORIR, 530 6 Be(B 4) BRSO R 1, KA
THHEFERE R 200580 m®, 5 LR FH 2397 AF- 1 5%
WRBATE 2187 N5 i, ST FLAC BRI 4N &) 4 JF
No WIBERH FLAC 58 BEHTIE HEA TS 04T .



=M B 42(2) .2024

Guizhou Science

65

4.2 HFHHEAHKEI

ALY AR T2 2RO BUE, il
3 L VAR B ZR JZEAE S BB P AN AR ST | 7 98 Ak o [l
ZER PR AR R AL AR S BORE L3 1,

R BEHERANELGEWENFESH

T

KR TRgakit I H o i
- JEAE TR AR CHuA Bihiog g
/( g/cm3 ) E/MPa u ————————— /kPa
¢ '/kPa
BUE TN 1.95 1.0 0.28 16 10 0.1
WHBTHAE 2,40 5.0 0.25 A

4.3 FET ST

N TR ENZ I AN [ 7 5T RS E R VF
Ay SRR AN B [ T3 56 PR 00 B AR E
L

(1) APAEATAT AN FERE & AF T (AR Bt
Cxn

TR R A A EA I 25 F T % 2 R
SAPEDCINIET 5 FR

FLAC3D 6.00
22018 tasca Gonsuting Group e

Zone State By Average
ione
shear-o ansiono
tonsionn
tensionp

Factor of Safety
‘Velue =028

5 MEEFEMAMEEZEGHTHRERY

TEAIEZAF T, B A 3 2 4 RN
0. 629 , Tt 371 3 B AR AR 3% L2 o R AR ALRAS R
Bo IR AEARVE I B 2R E Y, TR —#
INNERRBUBETE 1.2 ~ 1.3 Bh I B 240,
AR A TR Sl TR DX T S 3 J2 7 R B A AT
I TR A BT Y IR S RLIR W A AR R K kT
TG, 5 30 e BT J5 0 A8 1 o3 A T2 2 — BOE K
VRS, 3 R R AN 2 4 T B0 [ Jr 254k

TEATNEE LT 3 1 e KA TE A T3 10t
IR T | B KA RS K 592. 07 mm , 13515 3
R KRR J1 iK% 0. 097 MPa, BE7 763 0 i #L55
R R B oA, BT 32 AR E R R AN

(2) AR NI T 5 (BT BB ) in e 5%
PFRRIHRAER

FLAC3D 6.00

©2018 lissca Comuting Grow, Ic.

......... ety I
Value= 158

B o6 i mE T RmE (3 EE)
ZUHTHERELEH

TS B 1 i B e T 1 7 58 (B a5
BE) INEE S50 T 128 4 REO B AN 6 s,
FESG YT A I E A4 F  ERTAR R
H0Oh 1,56, 156 BH 21 3 A6 I B4 e v RS R AR e 1Y,
P 304 B A o 1, BELDBTT 7 e S B 1 B 1 11 9
FERGER DB A R IR M B A e R AR
WG FR TN R, A3 A% PEAS B3, AR AR
IRPERIRANAE R AR — Y N KA AR ST I B
HESEE Sl F KB N AR 43 A 1 PR AR o [ B B
AN, BRI R, S M e bR IR T B, 7R
IINE J5 58 (B BRBTH AL ) I 450 T il e i de ok
AT F YT, MR8 | AR BT R R B0
THARSRE , ELRPIRFHIR AR B 1 R R
RSN 40. 04 mm , 3T A B (1) 55 R BLR F1 0
0.078 MPa, JEASTEYY i1 FL i /N & B2 o3 A, 3
T 32 F1- 5 AN E S BOA HE A5 20K |, i Aa e

PRI
YA - m YRR TN 1 2 K] /Pa
Yk NEN T K] Pa
7 AYRTEME T RME KT (HMEBEE) B
BRATHERERENN



66 HPE FR8ERL: / Geographical and Environmental Sciences a2k

HRK) RS e A0 2B 5 #

R R~ 18- ST AR N Ll RS AL R S

(" I T K I TR i R B B s S SRBE 55000157 SN AUKEFREE MEIE BR A | SR BEFH 550001)

H OE: EARAKILPEXERMOAY EEANL SR IHLFRRFOLER, KAXELERA SUG KM LA,
Tk AT ARG WL RBE B LT Rt E S A L AR -8, HERARIT M RK S HEN LD
BARE R R B RIE K R B RIEAF R ENERE A, WA TS5 AR W ARG E R IT L PR M A I S
A,

KB RRABM MR, E

FE Y S TS254 X ERARIZED A XEHS:1003-6563 (2024 )02-0066-04

Preliminary exploration of precise chlorination in waterworks
WEI Liantong'* LI Qianfeng'’ ,ZHANG Hang'’ XIE Jian'” ,YANG Shaobo'? LU Zhi'’

(' Guiyang Monitoring Station of National Urban Water Quality Monitoring Network, Guiyang 550001 , Chi-
na;’ Guizhou Zhushui Environmental Monitoring Co. Ltd. ,Guiyang 550001 , China)

Abstract: Disinfection is a crucial link in water purification process, and too much or too little disinfectant will

bring bad results. In this paper,the curves of the chlorination amount and the residual chlorine in raw water and set-

tled water are drawn,and the theoretical values calculated by the curves are in accord with the measured values.
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Precise chlorination can not only solve the waste caused by excessive or insufficient disinfectant in water, but also

ensure the water quality indicators within the titration range. The curves of the chlorination amount and the residual

chlorine can guide the precise chlorination in waterworks.
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Quality control results and influencing factors of two online analysis methods for
ammonia nitrogen "

XUE Jingzhou' ,HE Renjiang’* , LONG Xiaolan'*
(' Luzhou Ecological and Environmental Monitoring Central Station of Sichuan Province, Luzhou 646000, Chi-

na;’ Luzhou Key Laboratory of Environmental Health Effects and Risk Assessment , Luzhou 646000 , China ;’ School of
Public Healih ,Southwest Medical University , Luzhou 646000 ,China)

Abstract .

ter quality stations in Luzhou City in 2023 to analyze the accuracy, stability and influencing factors of salicylic acid

This article uses the quality control data of the ammonia nitrogen online analyzers in four automatic wa-

spectrophotometric method and ammonia—sensitive electrode method. The results show that the salicylic acid spec-
trophotometric method has good accuracy and stability ,but its ability to resist turbidity interference is weak. Water
sample pretreatment measures should be strictly implemented and daily cleaning and maintenance of the instrument
should be strengthened. The linear range and anti—turbidity interference ability of the ammonia—sensitive electrode
method are good,but the system error is large due to the quality of the semipermeable membrane ,the concentration
of the electrolyte , the fluctuation of the heating temperature and the aging of the electrode. The instrument should be
checked regularly and consumables should be replaced in time.

Keywords: ammonia nitrogen, salicylic acid spectrophotometric method , ammonia - sensitive electrode method,
surface water automatic monitoring

W FIKOK T I E RPN R ey AR5 TRERER AT L HR IR T U R K

AN R 35 252 A J 5 i i 4 3 ok 7B B A A
F o PRSI AT LA K S e RO Ak 3RS LR By 1K
PRS2 375 % Bl %o BRBE 1) £ T S0 3 e K PR R
W, AT DAL P R 0 B PR | 0T B K B Y

I B PP T 58 (IRAT ) ) ZER, A I [ 5 R
JK R Jorc e s 00 0 BB T AN 6 A5 D <5+ X7, B pH
{H A A R R AR ER R A R AT 5 T AN A
PR BT X7 FFIESR b . R AR N e — T



O BF 2 42(2) 2024

Guizhou Science

71

ES LS IUN(REESE

ARYEAR S ARMIETE GORE AT LUA B, K BRI Y
BRIEZRBET AT R P B S BA I AL TR
A2t AR o i A R & ORI T T
AR A= AR oK s A R TR B R
R REXAR AR E BRI TR T4, t
TRAFAERAL IR , K e e JEE 1 =R AT g 5 B0
T IRER A A FRORIAR 2R, 28 0 AR 3 ol 7 1 Jak
o DRIE A e BT R A Fp A R M, I 1
Foo i e, LAWK IR B 2 85 4, X T4
LRI, 454 W DR, 5 2 U Ak |
T IR IR TRBIR R A A
BB PR OE AT KK IR St B
BB T 0 R B R 3 3R0K
LR [ SRS SR oK A B0 i s i i A E 2R 73
Mrorik, ARSCIEHR 4 MK A 30 b 2023 4F
S AR B, X LA A T O IR 2360t
JEE 3k R S LA Y A A ARG S P LA B R i I
R, NERACLME AR B i P (R D

1 MR A EaE it A X

1.1 Ky A&

IKABIR 53 6 RE 125 I B A 1 A 2 B AL B A
TE T B AL W D -5 K PR R IR SR B 1
SR AR A &) S SR SRR T
P 660 nm AR W S E 8 1 5 4 v il 2k HE
Xt I RCRI AR E .

1.2 RHAMKERZE

SO A B Dk ZE R P I NaOH i
W, Fe o IR A AT T RE S B pH> 12, 3B T A 19
Bl B TR S AL, LA AL AR (i
EDTA) W5 RE Sy B kA A S UTTE . IE S
KB — 2B (B Teflon) , #E A 21 5 H A
PINFR, 2 5 1025 RN, SR T R AR PR S F i R 1Y
pH {8, pH {EL A5 fb it 5 S U TR B 2R M A OG, Hh
FL BB JEA HE R, T P LA B A R TR

Jrdzm R o ik

AR ABE ST 5 Lo BA AR, AR SO ]
T 4 KA Sl @ RAE LT Eds . Horb iz

1.3

A FEAL B /K H Sl 2 BB 5 2% €310, 70 i
TrE R YT E I i 5 )AL C FIRUAE D KA
AR T WIW , 7387 77 ik o & AR A .
JEPEIATT 5 AL HS A H s, BRI 7 %

1 H FdEa s e L 1 A 1,

®1 FENRHEGS®
ig e R el b R
gy SOUDCRRKERBSIEN ~ X B <+
20% 72 A5 AR HER T 0.2mg/L
WS B8 DL 24 /NI g JE 201, 9
24 NN RUREE RS E( 0 ~20% 2o AT MR IR 25 < x
TR AR IR, (RS R AE 24 /N 5%
%_ IS (75 1k
7 pepppegs WO DU IRV SE O B A AR IR <+
P 20% ~80% 25 A5 AR 10%
WIS L 24 /NIy JE 38 30
24 /NIF IR MBS 20% ~80% A& AHNFIRZE <+
PSREERS AT ORI, RS R EAE 24 10%
SN I B8 A
K 1 B4 BT AR Y K 44 55
B T A T P 1 4 AN R
2Rk K r=0.
PRAME om0 08
PERI A
A AT — YR S B KR 52 )
5[] — B it I A — 2 k9 B o
JbREDE R, S0 I N BR IS RE S L 80% ~120%
A AR 7K BE B 825 A 7+
g EATIES
- 1 3 1 4% 5
7 1 /
SRS ey o T
NTREOK aFbsRiE S0
SRR GRS T AR TR
WML FA TRRET 5
T VB mRAH, A
STV W5 AL S i i
U X iR
TG TG
[ A& -t A >
00: 00—06: 00— 07: 00———00: 00— 06: 00— 07:00
|€------ Q4/N B FESR - - - - - - >|
B B B REpAT
B 24 NS S EBMEEER AN &R
2 ZERMTTS
2.1 BREZERHSH

2023 4F 4 A~k B 5 IR R B A 7E 360 K
DU b et g B HAA B p AR e ik R 45 SR L3 2



72 HiH IIEFRLZ: / Geographical and Environmental Sciences

542 45

2 B3, hi#& 2 aTLUE M, SRHKG IR 6
JEBI AT A S B K S A 24 /N
SRS A M RN 100% |, 5 FE KA 454 R 40 3k
98.6% F199. 7% ,24 /INB 55 B VR4S G 4 2243 30l Oy
99.2% F1 100% |, 1 28 < B Ak 4% T 3k 5 4 %2
PIRIEE] 100% , ¥5 A G FEZINT 95% .
FHE 2 FIE 3 AT LA ), KA IR 43 6 G B vk i 2 A5
WA 2 iR 25 AR E £0. 1 mg/L YL FE Y, 85 )
KA AR 15 22 KB 2076 £10% A L PN, W 0 %
o e A /)N 3 R W 1) 5 R A R B A A
S5 IR SR, 2 A% A 2 R I i B[]
SUES ST 1B M B R 0 R D e N
FERA S R PSR K, K2y 30 KF 60 Khss
AR A 50, Bz Tk R 5
WRERK T T H R ge gz,
*2 WHARSERELSWHENEREE RIS
BEEE  WMHEEE BEGE  EEED

f
HIJJ;E Al EHREEN AR EHREER AR AREER Atk fREER
Mo Mmgl) M S e % e %

wne ©

K A 10 002005 100 -40-40 986 -120-10 %92 -5.0~1.0
BAEE ffip 100 -0.00-0.06 100 -5.0-20 9.7 -120~40 10 -3.0-7.0
gk BEC 9T 0008 W7 30-140 B4 TS-N0 %56 -6.0-5.0
MO ffD 9.5 0.04-048 986 -40-3.0 97 -T5-25 %7 -60.0-15.0

0.60
0.50
0.40
0.30
0.20
010 2
£0.00
~0.10
2020

A —— JUB e JRAEC

weeeees JBID

-0.30
71211 31 41 51 6/1 7/1 81 91 10/1 11/1 12/1

2 2023 FANRRELDTUBEHEARELR

35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%]

—— A —— B e UG

et D

ol E H H i
In 21 3 a1 s e A s 91 101 111 121

3 2023 FANEREEATUEBEEERELR

i HAZ A SR B UL, X TR 25 B R
RS AET IR, 7K A R 70 DI I JE ok 14 YR 4 28 AR
EVE BT & T ik . WIRBEAXESR ), K
Wl COCE R 5L TR M B 5T, F K B

RS R A B A e E BT B
MR R R R L, X 7 vk EL A o RAURE AR
ARG BR = A F Ak Ui o 2 5 e i
P ST A FE AR LAV R U TR, U
WPERE T W s R A5 | f i STk B A9 728 1k g
i B2 1A 8 2l G 20 A A ) Ak A5 DA 3 R T R S
WEURM WS, AWK A Shibis 4Eil sk &
B, IKAGIR 53 ICCRE WA 24 2 5 /> HAR D i B
AR, T B AR A A e 28 7 B R A
I R IEL AR U BRI AR T K IR
TP RERANAS

2.2 ARIEZHERIN

2023 4F 4 K H S A A IR T A
FrpE i, A2 Rt WK 3, NFR3 T, L
SR SR KA 2 53 60 BE 1R 562 A i
JAE B K A Bl 22 05 4 M — Ukl ek R 4 Bl
75.0% F1 91. 7% , #H 5 2 B3 Bl 43 08 0.952 ~ 1
F10.989 ~ 1, %F LI 2 SR i Al vk 2 SR etk — Ik
P 3 3 R M R AR A b [
W KRR Sy 6 T — WM A 5 R 83. 3%
N T75.0% , [ Z8 50 [ 43 5 0 42%  ~ 120. 6% Fil
29.9% ~145. 8% , i K & SR IE A~ 7K BT
H 2l W inpR G 4% 63458 100% , SEFRK R
FEXH R, 4 AN KB H 3hkh A 46 R348 100% , R
FH Bl W 45 5 55 50 56 % 43 B 45 R 0 4 iR 2% L
B, R R 10 S PR KORE O VE R A T K

#3 AMARSEEZNTHENAREERILE

Pt din ALk SR KR LoX
i KB Yk =t EeR —RkiE gk
W S U keRm ) o
T T
/% ! /% /% /% /(mgl)
Kb ARA 7.0 0.92-1 833 42.0-120.6 100 -0.29~-0.03
JOUER: B 917 0.989~1  75.0 29.9~145.8 100 0.12~0.02
A AEC 91T 0.993~1 100 95.6~117.1 100 -0.02~0.13
WHHE gD 833 0.991-1 100 90~103.4 100 -0.05~0.07

AR 8 AR IEAS R A 2 LR, MR R RN AW
S,

LR AT Bl as R, /AR BETEA
JRE A5 TN A R B AR T K R o ot e
BEW: 456 PR TS R 0 SR BURE 410 SR 40T, K
WG YEI L BE 1 2 T WA — HJR e B DI U7 1%,



O BE 2 42(2) 2024

Guizhou Science

73

11 SRR 2 2 T RS R O AR A HLAL A T ik
20 )RR 1 RE IR I ke T A 1 I8 YA J3E P S 8 41
B PR A B (AR PR R O, X HLAE R AR
B3 TR ALK f AL 2 Tk v iy, K
PR o3 YC G HE T A WA HOZR e i T H el
K/MG 2 B ORL, T AES2 bR KA rh 8 2 s 7E e
U BRIFEAPRIE Y, i MO U BT AT, ik
FESNR ORI SE PR KRR FEXS IR R K R 23 et
BEVR B ARV RE R 2E

3 #ie
3.1 BFE¥E

S o 9 4 My T B R R
2 KRR S IOR I T R — RO B i | B
55 SRR AR, 25 11 03 b 3
B R 7 34 0 500 F SRt s
SR R — R IO AL 2545 2 B T B
B ek, Ha e P VR R P2 B e A
BV B TAACIEL B 10 3 e i B S 9 P R 1)
WU, RGCIRERR, M R ot Bk
A G 52— 22T I U/t 30 F81 60
5 A B — VI , Bt L R R B
LRSI HE T 2 S HE A R B 55 D, O B
HI AR A A R 30 T ) 7 0 W 45 5
RH A, I T R

3.2 Amiz

A A A o 2 R A 2 e N v 1 A B R
B IEis gERIAL RO T E R AR I PR e
TR YCIC L, MiAE W S LK BE Y

N
s

PR S S S R

e

b
. L AR AR

S

(EEE15™])

(3] ERPELEMRhRAR) FHE s hAEAR
[M]. L. EBiREEOR HRFE, 1999 .758.

(4] FRPEARE P2 REMIM]. i, DigRk2E
A H AL ,2006:511.

(5] HERAMERS hRANRILFEZ M, —3. [S]. 4t
nt . P E B 2R R ,2020.67.

(6] HERAMER S FEANREAMELH,. —FS]. 4t
ot E R 25 R AL, 2020215,

(71 Frey. mERAZR B M. deat h EMO WL

.........

[ RIZKARE FET A I3 DR S22 B KA o el 22
FEAEVET) B2 R TR W) 3 O B U S 5, %)
BT WA HORE HE KA IR I Y EEE 1 i HEB R A7
TE—E T, 1o B A vy ] Y P R A 2
DRLHE K A IR 93 DI O B 325 A oy ol s 7 A% 4 ™ —
i — 5" AR SCHLE | AU KRR DTE 25 A PR T A
FEIMIXSAE | L LI BRI

stk 2

PR 5 R AP EBERE AR I8 T RUK T 2k
I, FErR oK AR o3 6 EIE T ) HEB P AR UE P
EHTIRE THERE T 858, BL™ M AT /K AR TEAL B
T, s S F S Ve ORI L E AT
MR T PERE 7B F 52 2 B A TR | R O A
JEE AR E ) Bl B RUARAS B ) R AR BE Y R
R GERZEBR NLE WIS A ARG A I e I S FERT

3.3

£ %3k [ REFERENCES )

(1] ®XER. KI5 Wi v A o B 1 JLFR A 8] 7 vk 3R )
(1], B hIVE SR 2021,2(13) :20-21.

(2] WABEZ, K ERR. MR KR W I e i A s 15 i
Mr——DA AR )]. )46 T2,2019,46(3) :153-155.
[3] M. EAAELUEN S 5050 % B AR 1k ) 5250
[J]. 204 54,2023 ,43(2) :46-47.

We#s B H#.2024-01-15; 1 [E B #7:2024-01-25

EE&TB . Ml AR BUN -85 R R R ok & 1T H
(2023LZXNYDJ050) ; P4 R BE R R 2# R R AT H (2021ZKQN004 )
YEHRIN  BERTM (1986-) , 5 1, BEPEIE R A, AR, m g TR,
WL 7 [h] P58 W I AN RSB B F 5

AEIRAESE BANZ(1985-) , L, 00, PO M, AR R, R TR
Ui RIS T SRR S5 PP

B N e

WAt ,2005:1772-1786.

W #5 H #9:2023-06-01 ; & E B #8:2023-06-15

ES TR WA ARBIERES (2024117357 3 5144 B HUT % 2k
B S BT B BRI 35 H (2022ZK4039 ) 5 91 Fg o EE 25 kg -
VUL R A ) TR AR (BT RS2 (2023)2 5) s IR 4 AT
FEAERMIFIETH (Q120220186)

EERN: T ®(1993-), L& ZERR LT, Lol Jyin) . P2 Je
RIRZGYIE PR PSR

AEFAES X EAT, 2, A 00,



74 THREMEFELE / Engineering & Material Sciences 542 45

BRI TR 1 2 0 VR A S

ié},{if‘l,zg’j,]iizt,s,gﬁ $2,3,4A

(" RMKRF SRS TR, SR SRPH 55002557 W MR b IX A 35 P e YR i s R O S TR SER0 ==, 3
M BB 550025 RN EEBT = RIELGAGFHESTLRE, 7 5H 550025 SMB2AEE, 50 Sk
550001;° ARk WHS AR T2, LT WM 110819)

W OE. BrRFAMESIREY 956 AMPERERNE SRR PHES T L Hha = 60 FRATh, St m¥h
BB S AR EHT Y e B BRI ARG B M F AT A W BT R BR A  W BT SR KRB A E LR A5 R
BHY—O R BANE ETRRASE FRE S T IRETHITET W% kK5, Er%;ﬁﬁh oA Fa kT R FEE NG, 2T A5 S
FAEBETFTHEOFBFAATRAGY R, EREAV . BREFGT,FEETERETF REENRHLEY A FAZER 55
Fara=aH—EdpHE R ,l&ﬁﬁ%’?%{fiﬁm,éJfLL«%?—ﬁf‘éﬁfé‘ﬁ"kﬁ)ﬁ%i%,Efﬁcffé}iiﬂ’ RA sk EAE
TR HEBTTAEREG L LF MAES TRES S, OF 60 LR R AW MmEXS THRE ¥ REEANE L TR
XEBIR., =6 Mk BEET T REAT®

hESES.TDY7  TEFRIRAD A X EHE:1003-6563 (2024 )02-0074-04

Effect of calcium and magnesium ions on the rheological characteristics of dolo-
mite pulp”

ZHANG Tiebin'** LIU Wenbao"* ,ZHANG Qin****

(' College of Resource and Environmental Engineering ,Guizhou University , Guiyang 550025 ,China;’ National & Lo-
cal Joint Laboratory of Engineering for Effective Utilization of Regional Mineral Resources from Karst Areas ,Guiyang
550025 , China;’ Guizhou Key Laboratory of Comprehensive Utilization of Nonmetallic Mineral Resources, Guiyang
550025 , China ;” Guizhou Academy of Sciences , Guiyang 550001 , China;’ School of Resources and Civil Engineering ,
Northeastern University ,Shenyang 110819 ,China)

Abstract; In the process of removing magnesium from phosphate rock through reverse flotation , the dissolution of
dolomite and the recycling of backwater would lead to the increase of calcium and magnesium ions in the pulp. This
study took dolomite as the research object,and carried out single mineral flotation test, mineral particle distribution
test,and pulp viscosity test under different concentrations of Ca™* and Mg”". The results were as follows: under weak
acidic conditions,Ca’" and Mg”* would affect the flotation results while changing the viscosity of the pulp;Ca®* had
a certain inhibitory effect on the dolomite ; with the increase of Ca’ concentration, the floating rate of dolomite de-
creased first and then increased , while the viscosity of the pulp increased first and then decreased ; Mg™* would acti-
vate the dolomite;with the increase of Mg”" concentration , the floating rate of dolomite increased first and then re-
mained stable,while the viscosity of the pulp decreased first and then remained stable.

Keywords: dolomite,fine particles,calcium and magnesium ions,rheological characteristics of pulp
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UAY image defogging method based on improved Retinex algorithm
LYU Yi

( Guizhou Geology and Mineral Foundation Engineering Co. Lid. ,Guiyang 550081 ,China)

Abstract :
fogging algorithm, this paper proposes an improved Retinex defogging method for UAV images. Firstly, the gray dis-

Aiming at the problems such as color distortion and poor defogging effect of the traditional Retinex de-

tribution after Retinex logarithm calculation is counted. Secondly, the improved white balance algorithm is used to re
—calculate the gray value. Finally,the color difference of the UAV image is corrected by combining the gray world
and the perfect reflection algorithm. The experimental results show that the proposed algorithm reduces the color dis-
tortion and makes the image more detailed. Compared with other algorithms , the evaluation index of the proposed al-

gorithm is improved overall. It is an effective defogging algorithm for UAV images.

Keywords: UAV image, Retinex theory, white balance algorithm, color correction, image defogging
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Abstract: Expressway route selection is a highly technical , comprehensive ,and complex task,and the traditional
route selection methods heavily rely on the experience of professional route designers. This article studies the route
selection process of the Shajiao Bridge section of the Jinrentong Expressway. Firstly, the traditional route selection
method is used to compare the schemes, and it is concluded that the K-line scheme is superior to the B—line
scheme. Then , two mathematical statistical methods,i. e. ,BP neural network and grey correlation degree ,are used to
compare the route schemes, and the comparison results are consistent with the traditional route selection method.
The results indicate that ;1) Mathematical statistical methods have certain practical and validation value in express-
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Analysis and application of overload instability based on typical second—order in-
ertial system *
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Abstract .

damping , the principle of the torque feedback network of the servo circuit, etc. ,the system instability phenomenon of

Through the analysis of the transfer function of the typical second—order inertial system,the structural

the acceleration—sensitive inertial device output during the carrier acceleration measurement process is analyzed in
detail. And then the servo circuit is debugged. The resistance value of the adjustment resistor is reduced , the electri-
cal stiffness of the servo circuit is optimized ,and the natural frequency of the system is reduced,so as to avoid the
individual differences in the damping coefficient of the acceleration inertial device caused by the structure and as-

sembly of the meter head, and eliminate the system instability phenomenon caused by work overload within the

range.
Keywords: inertia system,overload ,instability
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Experimental study on bearing capacity of stiff composite pile in peat soil
ZENG Zhangbo , WANG Xia, DONG Mingming

( Power China Huadong Engineering Co. Lid. ,Hangzhou 311122 ,China)

Abstract: Peat soil is a special soft soil foundation in Yunnan,which makes the choice of pile foundation become

the top priority. Stiff composite pile is a new type of pile which is composed of cement—soil pile and corresponding
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core pile. It greatly improves the bearing capacity and has good effect on soft soil foundation. In this paper,through
indoor model test and Midas GTS NX finite element numerical analysis, the load—settlement relationship of stiff com-
posite piles with different core pile lengths and different section sizes is studied. The test results show that the stiff
composite pile has the characteristics of large diameter pile in peat soil layer,and the load—settlement curves show a
slow drop trend. The core pile bears the main load. The settlement displacement decreases by about 8% when the

core pile expands by 12% ,and the settlement displacement decreases by about 20% when the core pile length in-

creases by 33%.
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0 3l

[l

PN EI R Pas (T < 1/ 7 il w23 i e = ¥ S
FEAR i PR KR S b, L 4 T REWERIAR
XEFEY £ (f?lﬁ’]ﬁﬁﬂiﬁﬁmﬁﬁﬁﬁﬁ/}ﬂkm%
KU EhER A S T AR R B K R Y — P
T2, Bt NI A A K U 41 %9 21 T
ey | 388 3 AR 7K U A 3 P R B 1 )0 4 A S
M IECEL A P R TE 25 R ) 2 R 1 1) — b &2 5 4
T SRR A R AR R AR K R 4R
JEEFEE 7, Im] s R P v R B A AT ke AR H 5 4%
A 2, R T L I 1 A 1 s 7R 3 R ST L,
TR A 28 B g v i 3430 AR R 6 T
IEEAIEH A E NN EE T T IR .
Voottipruex 25 F| FA BR TG 8 A4 /3Hr , 45 58 K% BL#)
PR AR U R g AR R . B
DI ABAQUS HX 4R MBS L A3 #F T SC Ak A
PHC & HE A 7K F-32 1R AE FORE SRR | &% SR AE 4R )
IKF-FT 2R, SC A 1 Bk B 57 78 25 R 34 W B AR T
PHC & HE, Gao 4513 i3 8L 37 0E 17 0 1k &2 & Bk 1Y
FRETI , R IS M B A B A TR 2K e L B e
BERY 0. 4 fF, /5 52217 RI 2 PR AL SG BT 5T LT
AR5 K e AL A R S A e T 2R E T
PIRE B AR Ak, 25 08k B, R AR 0 S DL FRLAE 1. 6° ~
2. 4oz fu), et S RIE A 10% ~25% 2 16), JH
J®) A I B A A B A B R A AR
BRARZR 1 A [A) AR TR T AR A 1.39 ~ 1. 69 %,
LRI R SRR TR T LS AT

PRI, 156 2 T L DX e o o = M J2 75 400, 3 ot
72 NAEARLAEE 5 Midas GTS NX A BRICEE AL,
WU o 4 2 b Sh e A W I R 3 T R,
DI 5 2 T AR AR L EiE 2%

peat soil, stiff composite pile, indoor model test, finite element numerical simulation

1 RELAIGHE

1.1 BEA 4B A4

IRIGTENAR 700 mm 55 900 mm A4k A A 4
IHEFT , A SCROBERIBE 5 1R 6 AP AERL, (SO) K iR
LHPERE . (GO) SAFHELL 2 (HI ~ HA) ZhiEE &
HE, X 107 B AR S RS L 1

&1 EBGERIRIT R

- HMEREAR  AMBERERC  SBEAME  EREANEE ERERERK

mm /mm /mm /mm /mm

SO 100 800

GO 48 43 800

H1 100 800 48 43 800

H2 100 800 48 45.6 800

H3 100 800 48 43 600

H4 100 800 48 45.6 600

TR0 FH 4 FH L B T Lt AR TRl D 3 2 b
I TR PR AT L, I4d 5 mm B, 8 it a6 1k
ABEZBOE R, k2 B TR b
HEY O RIS AT R AR Y HE ) S AR i
a2,

&2 WAL HWENFEER
RIRTOKEE LB KB R WMHEEC WERE Sk

/% W /kPa Sl I, I, /%
260 6.24 21.7 5.7 0.78 88 37.6

FKe A A, oK e R ER Ny
P0O42.5 K- B RN 20% , /KK 0.5, i34 (K IR
- ECA H BT R O VR e I A K R A
50% . FEATTEPEIEFRIP 14 KT IS K IR £ 5y Te
FRYLRSRE N 234. 8 kPa, M4 AH G2 1 Xk I8
T BE AR A AT, SR AR R T (K8 R



O BF 2 42(2) 2024

Guizhou Science

93

N 50% RSP ) o IR A (D) 1 Ey
30 MPa,

E,, = 1201, (1)
X of, — 7KV A T BRAT s B

1.2 XEHZE

G i AT AR o 2 T DL 2 A2
T A% e B S AR A R, R R AR AR
700 mm =5 900 mm , BT AR B4, 15 2
"B P T P TR S g 2R T 23 LB, 3l T T T
I RERIAE 12 fiph 5 73 22 B AT 1 P 50 kN Y R g 4% gk
i, T DA S B R AR R 2o A it o g A, £
Mot SHETIR A , AN B R AR 0L A A8 Ak, Jin
BEE AT,

oL

“ RIET T
=

PR 4334/ i1t

AL A

BER] 4

E1 mEBEEEREE

R A A S b 56 L Atk % 0 F B ) ( GB50007—
2011) (AR B A I R MLIE ) (JGJ94—
2008 ) ' BAHIEHI AE | AR SC AR 56 0 78 R 18 o 4
Rk, 4% R oAt g 2k 1y =X, St in— 4
2, AL R A R 3k B E AN LU, BRI
— gk, o .

1)5 kN (19343 10 Ym#k, B nz 0. 5 kN, )
TR Nz Bt R A 2 £

2) FE Fil— G Auf 28 N 5, () B 10 min 15 min
DA TR f2 | FEAS AR A2 J5 B9 30 min P332 — R AE
TR

3) M R U ANTE K AATA AR AL, A AT 4T
T4,

4) HE R, RA—RAE— AN 2247, 30 2
] K242 43R DU 4 22— 4 22— i ) ) s A T
Uik S, RIvTEIS — R 4%

G BERL T AR BUR AT A SO 2 .

1) A 280 N A o, A DU (LR SRR, B
SR EN 2 A% B LA L, A RLURE I 8] P9 Ik R 5 A
E s

2)) Jinagak B e RO R A SO TR (R, 215
TR

1.3 XL RBHH

Xt (S0) KU £ HEFEAE . (GO) B4 Bt LA K (HI1
~ H4) SPEE A A AT IR 5, 8 5 far 2 A% SR A%
FINETRAL RS 7145 14 6 BhAE () fir 80057 B8 B304 WL 3=
3,H1 ~H4 far #2078 DLl 2,80 F1 GO VLR L
K3,

=3 MEEER

T 8/kN UL/
GO H1 H2 H3 H4
1.0 6.50 3.59 3.18 3.53  4.32  4.45
1.5 9.43  4.98 503 564 6.83 6.98
2.0 12.58  6.85 7.05 7.68 9.21  9.53

2.5 16.33 9.24 9.19 10.13  11.83 12.32
3.0 20.42  14.42  11.81 12.68 14.45 14.94
3.5 24.83 23.12 13.82 15.13 17.03 17.83

4.0 32.87 35.13 16.54 17.89 19.87 20.79

4.5 19.59  21.32  23.45 24.67
5.0 22.59 25.43  27.91 30.12
5.5 27.64  30.21 34.47 37.39
6.0 35.12  38.21

/KN firaR /KN
2 3 4 2 3 4

5 6

[IE
[—e— H4AIbE

(b) H3IFHARBEGORE RIS

faf /KN
3 4

(a) HIFTH2EIE TR E

faf /KN
3

0 2 4 S 2

10
£15
#20
=225
30
35
40
() HIFH3RBETLRE R &

B2 ZhEEEHTEE

(d) H2HIHATIEITFEA L E



94 THRE#MEEE / Engineering & Material Sciences

542 45

H Il 2 AT, 4 B2 5 G A AE e ok it + 2
UURE RS KB, B2« 2B B, hE 2 (a) .,
(b) AN, 4 52 A Bk e A 1B DT R 19 52 T 45
KLY K 12% SAE TR, 4 B DUREREAIC 8% /2
Ao MME2(c)  (d) AT A EPEK B 5 m
XTSRS A W TR 1Y 52 /N, B K 339 A K
B TR T 20% A4

ME2(e)  (d) PRI, YT b B, Uik
RS LR B AR AR AL, ih 4 JL-T- 2 80 R etk
A, BUET AL FE S B B, Bl A 2k
B A Sk, Bk A TR (it B 2 AS W3 fn .
T HI F1 H2 AUGE Y508 6 kN B HUTRE RS K
R XTF H3 Fl HA TUME, S f 25 23k 5. 5 kN B,
HUTRRAE R BR, TEI I A S 08 £ 2 (A1 2
FREAS G A= T A R B B IR, A 52 B ik 2k 2
JEA R PERE

WA 3 AHE TS E AL, K e 0k 5 348 ik
()RR BE S AR 55, ELMEAS B DL Kbk 5 4 22 8] 1
eI A AR XTI ME 2 X TR RN, 5%
TG IHTTRE /N L5 2 A AR A TR] , 18 24 355
2.5 kN JRUTRHGEE A | I A4S i 5 b ik +
RAEATEIR  JC ik Ak B2k 32 faf 8, % K e £ 4E
M5, BARUIRE A 28 & 172840 A i T2 B SR
FERUIN TE m a2 VE I BR AR TR AR T UM
e B A RGP Bk S A ey 2R T £k
Ry SRR Y A R AR B R 1) AR 3 A 1
U5 7K U8 A AT LA RL A B IRl TAE

faf /KN
3

0 1 2 4 5 6
T T T T 1

3 H1.S0.GO BItETEE AL E

2 BRTHERHY

2.1 AT
RUCHEIES IR F b 3 ARG T vy, &

A HEEE R AR 700 mm | 25 900 mm [ [ AE A HE
PR RS SR 1 #Er

BN R B B 3 R 1 8 S o S
B A A5 0[] 4 1) 241 50 A i e i FH B UK - AR
SR AP AR R | AR SRR 5 2K
Ve Mk, AKVE AR A st Rt T PR S AR
PR | JOT5 A) e 45 48, EAE [ SR FH SRS TR 2
AR R A IS A S A ) R )
VELERE , A P S AN A A A | B ol ] — 4 %
FICHEATREL 2 5 A R N P ) A S L
4,

x4 TEHMENESY

WA wE Y

g PRI e BRI
E/kPa /(kN/m’)  /kPa

R LZE 1056 0.38 11.6 21.7 5.7

KM 30000 0.33 20.0
WEHE 2x10° 0.30 78.0

AR 4 2 R oK e HAEEH 3D SR LT, 4N
FONHEE 1D BT, R FR & WS A i A% (75 T
AIRAR) AT ICAE R 43, B T2V G R 4
RIRE 7 Midas GTS NX XA AL i BT % &K e
TAES R TS, L E T Coulomb JEEHE
T [R5 Rk 1) A 1) P 2 S R A L B8 AH DG
I B o B e R A = 22 [ AR AR G R 4 R 452 K
AR LI 4

4 HMEAHEEREMNEXSTEE

Xof T A A TR, i o ) A S U K
PURE RE 1, DGRV AR S R, MBI REL
— BB G EAE 0. 01 ~0. 1 2Z[u), H 24454 F1 414
22 R] P 58 25 PR RIS, (L B /0N 5 38 7 O
FHEES HFR S,



O BF 2 42(2) 2024

Guizhou Science

95

x5 BETBRHY

SRR LR SREYTI R EL R
Wbt/ B+ 0.6~0.7
BB/ K 1 0.5

RS/t 0.8~1.0
TREE 1R+ 0.7~1.0

2.2 FMBEERAR

LYK Midas GTS NX HE8Y i8R FH 15 B W 1
TBERBEIME, SHEBERE R 5 kN, FEH
AR K UE AR R ST SR 1R
THECRETT, ey 2SS B340 )
TR, M AR o mak , HAE A B a4k 1y
TESCAR AT 7 i 28 A 1 Ao 28, E 3k B 5 SE PR =
PR RIS AH AT

X FRA SRR 249 R 5, ML B 20 ROR M-
das GTS NX H ) [H 20 1 i J8] LA 7 Xt
Y G ) B RS 2R T R R AT X Bl Y
WhRn Z Oy ) B AL RS AR, B TSR DL
BT TR, L ZE 64T Z D7 e B SR s 2901,
VLB IR ZE TSR o 29 2 A S W, FEEA T
5 AT -SRI AN A S 8 T B S
TEEHOL ) 2 b 5 P 17 150 5 XK U8 R A T IR PR 1Y)
B o T 51 18 I 1Y 22 1% i P 2 46 K U
() 1, LA 25 31 S B 1 FR A 100

2.3 BAFHEERESMN

2.3.1 fEUIFECR

i T Midas GTS NX Z3#r 6 FiAs [\ 45 24 7% AH 7]
T AE N W32 3G 60, A5 1 T AR TR RN, I
555 IR ARL S0 0 AR 2R A 7 AR N I 6T LE A PR T
hrhr 6 PRI BERI AR 2 T I BB R LI 5

i /N
1 3 4 5 6
T T T T
[~e— HITHE
5k —e— H2JfE
|—A— H3THE
10k —v— H4IfE
—e— SORIAE
—— GO%IHE

& osf
=2

30}
35

40k

45L

B 5 BRI E

HH IS AT, 201 52 G A A 1 A T+ )2 A 4K -
TR Iy« e B, faf 2/ NE, o7 2 5 00
M Z ANEAU DGR, B far 38, &2 64k
NG R S JE R, WIEE B, AT 2k5 2] 5 kN
B, &2 far 2 - TR 26T G 5 il

WAEHELE 4 kN ff 207 I, & R A B IR
XA IR 1) g AR 71T 75, 6 U6 A o 4 J2 X b
A ANBRNE & PR AR PERR , Y AT S E AR XS
KRBT, TR T AR B R Jovk AR P S
sty 4 AR 2 7, LR A B B ek &4, 3K
PERSUTRESE TN, & AR

KV EAEAE R ATE T, B 6 FhE AL rp
= /N1 B O e 12 = ) ) 1 e e o ) A E =4
FER/IN  far AR B 725 B S R 46 AR T, (R A
IR,

2.3.2 I 5EIT L

B2 AR 5 Midas GTS NX BB FE# fy

SEIRAEATXS AT, aniEl 6 T R

ff /KN
3

(\0 1 2 4 5 6
[F=— TR
sk —o— HI1ifu
|—A— SOREHL
—v— SOIA%:
10F —e— GOfitl
[~ GOoils
15F
=l
220}
&
225
30
35F
401
45L
6 H1.S0.GO 3ftbHE
/AN
0 1 2 3 4 5 6
0 T
5 -

E 7 HI-H4 XtLEE

MIE 6 FIE 7 0 LI, BOE AR PR £ 2 IT0 R
£t A YRR Ao A h 2 A BEA AR AT, X
TR AR, ff 2 4.5 kN I, 5 AR



96 TR 54 EFRE / Engineering & Material Sciences

542 45

TR0 B (RIS R A . 5 K8 L AENZAE 3.5 kN 5
PR R BRI S 98 2 T3 5 10 0 0 5 D) A [ iy 28
T EULREERAA BT, EE B R A A LA I
T -

SF— Teikgd R b i TR I R i
PR E 1Y, eI IR A rh 2 ol T N SRR I i A
BEVRIR2E B T R R B AR A AR L
THO0 BERYIE R, A 2 LA S BOR 58 A il 19, i 1 58
PRI AR, T AR R e rh 2 ) B
AN E DN 3R B R A A SR AR M RE A
5593 50 = RAE S RN U ok ik B 58 2 e

XS 6 FhAE Y AT = AR 5 Midas
GTS NX KEAEA T, i 28 — 0 pHy £ 722 fl i
R —E B R R B2, RPN R AR
W 5 FEAR AT A — 0 T SRAH I

3 #ie

1) Shtk A AR T U e T 4 23 A A 1Y Ak 3
RETT, HoAr k- U i 2 2 B0« 2B B8 A R B K
FEREARERE

2) P+ 2, R A T AR TR
IR MRS K 8 3 K 12% S A T AR 437 A% 17T [ o
115 8% 2247, AN A IS AE K B2 118 38 X 2 4 52 A A DT
R RN, 0K 33% S E (L B LIS T [
22% fitq

3)Yescin 2 A AR SZ far 28 A FH ) 4R T R
BN AL A5 ey 2 TR s 0 5 7K 8 A NI
N, B2 AT A P A S PR A (R DRSS I N, £
PEE BARES & 28 F s, (AN it 5 7K U8 L Bk i )
TAE, 3 S AR L R g

4) = NFEALR IS 5 Midas GTS NX BU{E A7
AR AT 28U 5 T A5 SRR 5 >4 iy A RIS 1V 38 40
ZIEHMERE A LR TARRGL,

2% k[ REFERENCES ]
(1] BRI, Aok, UG MY, 5. 73 UM 4R 8 2+ P 4% R 8
AR AR BT [T, # A 1% 5 T R¥ M, 2016, 35

(S1) :3259-3267.

(2] REH, &u, W, % P B E T ik
CN112227349A[ P].2021-01-15.

[3] FZeME, 33, Wt B 3R L # 2 A Bk OF 2k
R p-y M5 [ 1], & £ T2 ,2020,42(2) .381-
389.

[4] VOOTTIPRUEX P,BERGADO D T,SUKSAWAT T, et
al. Behavior and simulation of deep cement mixing (DCM) and
stiffened deep cement mixing ( SDCM) piles under full scale
loading[ J]. Soils and foundations,2011,51(2) ; 307-320.

[5] E2WE, &m0, M E, & KPR T aEE 68
PERRBRFPEDT [T ], Bk R 2224417, 2018,47 (4)
853-861.

[6] GAO X N,LIU S,DONG P. Application of concrete—cored
DCM pile in soft ground treatment of highway bridgehead[ C]//
Proceedings of the Fourth International Conference on Grouting
and Deep Mixing. New Orleans: American Society of Civil Engi-
neers,2012. 261-271.

(7] /AR BIESEoKIR T HE MR BREITSE [ D] B
P < TR ol K2, 2020.

(8] JHlEL, fte, 22, 55, Sy 52 4 kS ) i R R 2R 1
XHHREE[ )], B EOR 5 TR, 2022,22(9) :3696-3701.
(91 e NRIEFIE AP F & d i, + Talg 7y B hs
#E: GB/T 50123—2019[ S]. dbxt.: Hh =&l ih pieat: ,2019.
[10] e NRICANE R B A 2 @ 3. K Jé LRl L
B JGI/T 233—2011 [ S]. bt h 85 Toll i it
#,2011.

(11] bk, 7K 9 - P RER B b I S Ak 52 5 34355 52 T AL
PR TARRI [ D]. 7ML 7 MR A% 2016.

[12] e RIS RN A 55 R S A B 7. SRt 5 B il
B, GB 50007—2011 [ S]. db gt o[ 1 %) i At
2012.

(131 il N RGN [ B o, 2 S0 i BR MLV JGJ
94—2008[ S]. dbat: H EES Tl H ittt 2008.

[14]  BZH. BRI X YT h ST s R T FE (D]
JUH TN R, 2019.

W #5 B #8.2023-02-27 ; & B H #8:2023-02-27
EZ B LR, P A AR AR AR DU BT 5 e A5 R W) 3R
T,



