o ( HEZFAREFIM L HAREE ) (CNKD R
o (ERMAEXNEFRHER) KR

o { AAHBEMIAREZFEE ) Bz ISSN 2095-4646
o { T RIEEATIEIRE ) KR
o (BE “HHK" T&) KR CN 42-1839/R

o (ERZDEAT (3 ) BiEE) W=
o (MEFARBTHEMEFER) FitiFELHT

M BIET (27 4R

JOURNAL OF HUBEI UNIVERSITY OF SCIENCE AND TECHNOLOGY

B< 57 Wit

MEDICAL SCIENCES

£39% ZB5HA
=% (197)HR
Vol.39 No.5

2025 i - BT




kB, &,
1983F8A # £, #
e TA, TR
n, EFE, HFH
HEHEFREFETTH
IFE N7 R S, 13
%, AT,

20045 A A5
THRAKRFAEDER
£k, 20075 A 4+ 5

TP HE K F M
AMFE L, 20155 .
WA F R K o

FBRAEMFEL, 2007F 25N ARFRESFHRABEFRESH AN FH
FEAEH, AEoBESRALEFRRKGE, RETEHRAEAYFLAER, ¥
A MFLEEFLFFEN, HAMADFLOESTHMAMELELSEN, Hi
ABAEME LR FrFTHEENL, ARG EFAEMAESISEN,

EFEHR T MA LR RAIELE AR IT LR S TIH ., e H
A E BRFAFEALRA2A, HAGHF/TAFTXRAB2R, Ay LA
FEERABLERBIRA, RTTAEATRAIR, HEGRA1RA, AH—1FFH =R
BEEHFR LK FELI2E., BFFAERFANUHALITRAD B RAE
1, 4810, BIFAEAFHERRERA=F L =9, KFEL -, K
BT T AEWALT AR F R AR R KT R IR FRA
5



LR F B MR (R hR) 2025 4 10 ASE 39 &5 5 #( 258 197 HA)

H

HERR
RSB NBUAE B RIS e BT E R H,E(369)
2% LRH-1/SR-BL STZ AN T /INFUB BB A HIHLR +oovvveveeeosees ENALA TR B,F(T)
R I AMPK-Nr2/HO-1 408 5 K BLC AT RBE T oo A A ERE, IR, F(380)
(MR 98 o-Mye TV 508 STHA AURAML SIERS - oeereeremeeeeeeee WA,k 9(386)
P75 2 B Y O PROS SRR ITEL PCI2 AUNHR BT o 2, TR, E 8, F(31)
ORI R PR RO M FOLAITETY  oovveooosssmmnnnes A, 2 A%, T EF, 5 (396)

() 2-9 4, 4- GRS Bk H

Hi R HE LIS B 0 BT

Z 22 Ik A H g R A PN B4 A ) S5 AP T

EiEFHR

PVA/PSBMA/ AgNPs P 2 1 /K BEIE 3 11 0114 i 4 1 2 S KBt it v Pk

BARPRER 5 1

X &M, F AR, IR, 5 (401)

MRIEAE RSSO, F(406)

F R, KR, HF R, F(412)

EE]Z?_E ........................

............................................................................................. JA ok sREAM, R A5 (416)

FHES 7 2R 5 Wk B2 ] 22 T RE K SIS BORL A ] 9 Sz HAERE

B3

F T, E B M, F(422)



G KEFEFHR

MHD F835 & A= 40 A 3 I RS AE S O R AR G DA e RO XWR, %X 2,5 (428)

BMALL JE [R5 0 A0 K o LS8 AR XS T2DM 5N coeeemeneeeeneneeeenne APRRKE, AR, 7 E £, (434)

NOC2L SLFN11 7E45 E i o BRI L2 LI RO (EATFE  -oveeeeeeeeeeeennes ik, AL B, R E L H(439)
PIBZHR

T FREZCH 453 B 77 T IULE N BELA il o R S8 BRI IEANY - eeeeeeeeee KoOEL R LR K(443)

TS FIAE /N LM B S I R S B T I AR o vveereeeemmeemnee s eense e & (448)

iy

B S e N el oy R Y n o T2 G L ) HREH, AR (451)
IR TS PRI BRI HIBFTEHERE  covvveeeenessnssnneneen FFE RIS, R, F (456)

B MR AOR R

B = (AR BeA R (R0 ) 2y

RESBE T & B
RX®ER E L % K

P BV SO0 Bt
GItEER BT

[ BAFIEASEICN42-1839/R #1987 = b % Ad 96 = zh = P« ¥ 15.00 x 800 * 18 % 2025-10



JOURNAL OF HUBEI UNIVERSITY OF SCIENCE AND TECHNOLOGY (MEDICAL SCIENCES)

Vol. 39 No.5 Oct. 2025

CONTENTS OF MAIN ARTICLES

Study on the Protective Effect of Qingzhuan Dark Tea Water Extract on Acute Gastric Ulcers in Mice ------

........................................................................... XIONG Fang ,WANG Le ,ZHENG Min, et al(369)

Glyphosate Exacerbated Mouse Cholesterol Gallstones via the LRH-1/SR-B1 Pathway «--ccoocoeeeeeeeeeinnnne.

........................................................................... WANG Bei-bei , ZHAO Xue ,YAN Biao et al(374)

Palmitic Acid Induced Ferroptosis in Rat Cardiomyocytes by Inhibiting the AMPK-Nrf2/HO-1 Axis ---------

.................................................................. LING Li ,REN Zhan-hong ,WANG Ding-miao et al(380)

Betulinic Acid Inhibits the Proliferation and Migration of Cervical Cancer SIHA Cells Through Downregulation

OF C-MYC PIOtein «««evvoerermmsmrmmmniiii i ZHU Qiao-yun ,ZHU Bo(386)

Effect of Saponins from Panax Japonicus on Autophagy after PFOS Exposure in PC12 Cells --------eeeeeeeeene.

........................................................................... LIU Hui-min ,PI Xue-jiao, WANG Ting et al(391)

A Study on the Mechanism of Trifluoperazine Dihydrochloride in Prostate Cancer ------::oocceeeeeeeeneiininnene.

.................................................................. XIE Meng-ting ,LIU Fu-xing ,NING Zhi-feng et al(396)

Synthesis of (S)-2-Cyano-4 ,4-Difluoro-Pyrrolidine p-Toluenesulfonate — -----ococoeoeeeieeiiiiin.

........................................................................... LIU Chun-yan ,LI Qian,GUO Li-yuan et al(401)

Preparation Of Naringin Microporous Osmotic Pump Tablets ............................................................

.................................................................. CHEN Yuan-yuan ,ZHANG Han-lei , YAO Hui et al(406)



Bioequivalence Study of Levodopa and Benserazide Hydrochloride Tablets in Healthy Chinese Subjects ------

.................................................................. YIN Xian-miao ,SONG Huan,GAN Fang-liang ,et al(412)

Radiation Preparation of PVA/PSBMA/AgNPs Amphoteric Hydrogel Wound Dressings and its Antibacterial

and Antifouling Properties -----ooccoeeieiiiiinnn. ZHOU Shi-zhong ,ZHANG Yang-lin LI Yue-sheng ,et al(416)

Preparation and Performance of Cationic Polymer-Based Medical Multifunctional Hydrogel Dressings ---------

................................................................................. LI Jia ,WANG Cai,ZHENG Min ,et al(422)

Clinical Characteristics, Establishment and Evaluation of Prediction Model for Antibiotic-Associated Encepha-

lopathy in Maintenance Hemodialysis Patients «--c-:cocooceeeeee RAO Shao-feng ,WU Li-min ,WU Dan ,et al(428)

The Interaction of BMAL1 Gene with Smoking and Hypertension on the Impact of T2DM  ------oeeeeeeenennnns

......................................................... ZHONG Xin-tian ,CHANG Wei-wei , FANG Zheng-mei et al(434)

Detection and Clinical Value of NOC2L and SLFNI11 in Colorectal Cancer «::c::ceeeeeeeeennnnneneenieeaen..,

..................................................................... GUO Zhen-nan ,ZHU Kai , ZHANG Wan-li et al(439)

Evaluation of the Effect of Health Education Combined with Nutritional Intervention in Patients with Chronic

Obstructive Pulmonary Disease and Lung Infection ------cvceveeeeeee ZHANG Meng ,ZHU Jing ,ZHAO Xin(443)

Analysis of the Application of Predictive Nursing in Indwelling Needle Infusion for Pediatric Peripheral Veins

..................................................................................................................... CAO Xue<448)

Research Progress of Post-stroke Cognitive Impairment and the Current Situation of Acupuncture Combined

TREEAPY - +vveveesereren e sttt ettt ettt ZHENG Ze-ying ,YE Qing-jing (451)

Research Progress of Dihydromyricetin in the Treatment of Diabetes Mellitus and its Complications ---------

................................................... HUANG Xing-qiong , ZHANG Dan-dan ,ZHANG Sheng-nan et al(456)



WHCRE 7 B R (B0 2025 4E55 39 48 5 ] Journal of Hubei University of Science and Technology (Medical Sciences ) ) 369

SISt h , 2R, G, F. HARKRRY AT DREH R RABRYP R[] LA FRFROEFMKR),2025,39(5) :
369 —373.

SREFAKEINNERIEET RBRIPFERTAR

7.7—12,i 1%1,2,]%:‘ 7%71,2’_i% br\lZ éﬂﬂ /g] g3,%’l§ _gill**

(L bR I BB I, ¥k ko7 43710052, b & 4 B R an 7= W SR A R IR 5
3. T AR I AR L)

WE-BW AREERKRY(QDTE) XA K LEFFNREAEF R HWERIFIER. Fid H#40 R 2 AR NR
FEAL 2 4 2 @ 41 (Control 41) AE A 41 (Model 41) | FH P %t P8 41 (50mg/ kg % 4 48 , Sucralfate 41) (QDTE % *géﬂ(z 56g/kg
QDTE,QDTE #41) , Control 4171 Model 414 F £ 3k, H A2 A3 A E,1 K/d, EEHEEF Td, &5 — K% % 2h
Ja , B Control 414 F &M EEL K, HA3 A EFLAKLE(10mL/keg) H LA M & R HEA , 1Th 5 I, T EH 7
%k\%%%%fﬂ%@ M 52 i 7% #* TNF-o IL-6 ,COX-2 \PGE2 4 & , HE PAS 36 W& & 4 % 32 T A, % 4 L E I & 4 /0
REAS P REAEKFEF(EGF) EEHREAKT, &R 5 Control 2048t , Model 241 /N Rk 76 A B F -, sk R
H 0, i 7 o TNF-o \IL-6 ,COX-2 \PGE2 & & # 75 (P <0.01) ,HE % & % I, Model 4 & 5 JEIR R MBI~ & , AKX E
RAE 4 32, PAS Je e R PR MM B K, BB A B S E 5 5 Model 4148 th,QDTE T 7 J5 1K T %t 57 46 3, #Hﬁﬁ%%
MH &, B F BK M FF TNF- IL-6 ,COX-2 PCGE2 4& , 3 i & £ 41 48 EGF #y fA M40 fi k 3k (P <0.05) , 45t & #
FARMAZAENRE R A — R IER, BT B E AR BRRERFEREAKT,

KB FRL,FRFARY &R RS

S
o

FE42ES:R573 XERARINAG : A
X E S 20954646 (2025) 05-0369-005 FrRA 2 ( BRARSS ) #RIRA3 (0SID) :

DOI:10. 16751/j. enki. 2095-4646. 2025032601

Study on the Protective Effect of Qingzhuan Dark Tea Water

Extract on Acute Gastric Ulcers in Mice
XIONG Fang, WANG Le,ZHENG Min, et al
(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology,
Xianning Hubei 437100, China)

ABSTRACT ; Objective To investigate the protective effect of Qingzhuan Dark Tea Water Extract (QDTE) on acute gastric ulcer in-
duced by absolute ethanol (AE) in mice. Methods Forty male Kunming mice were randomly divided into control group,model group, posi-
tive control group (50 mg/kg sucralfate , sucralfate group) ,and QDTE administration group (2.56 g/kg QDTE,QDTE group ). Control group
and model group were given normal saline,while the other two groups were given the corresponding drug doses once a day for 7 consecutive
days. Two hours after the last administration, except for the control group which received an equal volume of normal saline,the other three
groups were orally administered AE (10mL/kg) to establish an acute gastric ulcer model. One hour later, the samples were collected , and
the ulcer index and ulcer inhibition rate were calculated. The contents of TNF-a,IL-6,COX-2,and PGE2 in serum were determined. The
morphology and pathological changes of gastric tissue were observed by HE and PAS staining. The expression level of epidermal growth factor
(EGF) protein in gastric tissue of each group was measured by immunohistochemistry. Results Compared with the control group,the ulcer
index of mice in the model group significantly increased ,the ulcer inhibition rate was 0,and the contents of TNF-a,IL-6,C0X-2,and PGE2
in serum increased (P <0.01). HE staining showed that the glandular structure of gastric mucosa in model group was severely damaged , ac-
companied by a large number of inflammatory cell infiltrations. PAS staining showed that the positive substances disappeared and the mucin
was severely damaged. Compared with the model group, QDTE intervention reduced the ulcer index,increased the ulcer inhibition rate, sig-

nificantly reduced the contents of TNF-o,1L-6,C0X-2,and PGE2 in serum,and increased the positive cell expression of EGF in gastric mu-

w FRETUH JRCT I SR T H (2021SFYF003 ) i1 AL LB 2 BE BB AT ] BA I E (2023T10 ) 5 #1625 50 B RE 3% 7 Ml B AR B 5 B % 39
(2022HX182)
w % A5 VEE , E-mail ;409581863 @ q. com
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cosa tissue (P <0.05). Conclusion QDTE has a certain preventive and protective effect on acute gastric ulcer in mice,which may be relat-

ed to reduce the expression levels of inflammatory factors and promote of gastric mucosal regeneration and repair.
KEY WORDS:; Qingzhuan Dark Tea;Qingzhuan Dark Tea Water Extract; Acute gastric ulcer
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IR : E NN, RE fRek, 5. FHAZ LRH-1/SR-Bl @ % & {2 B84 B e publ [J]. AR FRFR(EFIR),
2025,39(5) :374 - 3

EHBEZ LRH-1/SR-B1 @& NE /M5
FEE Bz ARy

IR R Y ek ket % T
(LB ¥R E S 2 0, ¥ R T 43710052, W B F i E¥ 3 £ E k)

WEHNRAEHRFSRERLE DN MEER KL 2 FIH . FiE U CSTBL/6 M /N R 7 25 3t &, 3t
FEREELMBEREES A REE, NAHNS A4 4 (n=10) . E¥ B4 (CON) HEHEFELA(CLY) JEEES
FEEA(COHRERE + FHBEERK LA (CS+GLY) , ERAMA 6 A, WENRBERNEEEE S H BRI B
U o % A AL AE AR 5 AR R S 41 40 HE 2, 18 33 RT-qPCR 3= %4 IF JE b 4 5 JIE 1 B2 (K 040 38 B 9 25 TR sk ¥R 4T 2 B 947
AR FRHETRNELREEERE R EANEABRE, ER CS+CLY ARG RER K TR EEATL
%%, i ALT AST . TC \LDL-C X P B %75 (5 CS 4k, P<0.01) , Mz F ¥ mEl; HHEFE R LT CS+GLY 4
JFE 4 L Jo R AN ot o S B O B R A JE A B R . RT-qPCR 45 R & W1, CS + GLY 41 41 8 FXR mRNA % 3 [¢
{K, 7 LRH-1.SR-B1 mRNA %% A5 (5 CS 4t ,P<0.01), H FxI®m 4R £, L4 5 FXR . LRH-1 & SR-BI ¥ #
&ﬁ%%ﬁ%fﬁivu Al -10.46, -5.10, -9.29k)/mol, 51 EHBE T mEMEELE T KL EANH RS
e 3 3T 30T BE 41 48 FXR & 3k (9 T T3 LRH-1/SR-B1 38 B | 5 B 3 g iR 53 4 Fo AT JE 35045 8 % o

4B 0k IE B B 4 7  FXR; LRH-1/SR-B1

th & 425 :R965 X HERFRIRAD : A
X E B :2095-4646 (2025 ) 05-0374-006 FRRE ( FIREMRS ) #RIRAG (OSID) :

DOI:10. 16751/j. enki. 2095-4646. 2025032010

Glyphosate Exacerbated Mouse Cholesterol Gallstones
via the LRH-1/SR-B1 Pathway

WANG Bei-bei,ZHAO Xue, YAN Biao,et al
(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology,
Xianning Hubei 437100, China)

ABSTRACT : Objective To investigate the exacerbating effect of glyphosate on cholesterol gallstone and elucidate its underlying mech-
anisms. Methods The experimental protocol was conducted on male C57BL/6 mice,in which a lithogenic diet was administered to establish
a cholesterol gallstone disease model. Mice were randomly allocated into four groups: normal control (CON) , glyphosate-exposed ( GLY) ,
cholesterol stone model (CS) ,and combined model + glyphosate (CS + GLY) groups,with a 6-week experimental duration. Parameters eval-
uated included body weight changes and gallstone formation status. Serum biochemical profiles were quantified, and hepatic and gallbladder
tissues were conducted by Hematoxylin-Eosin ( HE) staining. The transcriptional levels of cholesterol metabolism-associated genes in hepatic
tissue were analyzed by quantitative real-time polymerase chain reaction ( RT-qPCR). The binding affinities between glyphosate and choles-
terol gallstone-related molecular targets were predicted by molecular docking simulations. Results The CS + GLY group exhibited accelerated
body mass gain, gallstone occurrence ,and significantly elevated serum ALT,AST,TC,and LDL-C levels (vs. CS,P <0.01) ,indicating exac-
erbated dyslipidemia. Histopathological analysis revealed distinct pathological alterations in the CS + GLY group, characterized by hepatocyte
hypertrophy , enlargement of central venous lumina in hepatic lobules, and thickening of gallbladder mucosa. RT-qPCR results showed that the
down-regulated hepatic FXR mRNA level , and upregulated LRH-1 and SR-B1 mRNA levels in CS + GLY group (vs. CS,P <0.01). Molecu-

w SEETUH WAL BARBHFIL AT AR H (2023 AFBAT8) ; [E 5K F AR B4 5L 4 7 AF 5 H (42307547 )
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lar docking confirmed robust binding interactions between glyphosate and FXR/LRH-1/SR-B1, with binding energies of -10.46, -5.10,

-9.29kJ/mol , respectively. Conclusion Glyphosate can aggravate cholesterol gallstone pathogenesis through inhibiting FXR expression in

liver tissue,thereby interfering with the LRH-1/SR-B1 pathway, resulting in abnormal serum lipid metabolism and liver and hepatobiliary

damage.

KEY WORDS : Glyphosate ; Cholesterol gallstones ; FXR ; LRH-1/SR-B1

JH[E B2 45 47 ( cholesterol stone, CS) VE N —Ff £
RECHHERN , HZ LU Jast 4% 2y 1Bt FA 5 A
KB o A HGERR, ZPRTE I X &
FHREGIK 10.7% ) o 75500 JIEL [ B 45 A B0 1k R 1)
IHEALEG NSNS Y Wb i S Pty g =l Hilin)
Fr A NEE AR , 325 IR 45 0 T8 i B4
72 B R R i i s PR AT 3 B BT
Bt -REAX AL B 2 P-4, K 5 A o HE AR, I8 - HE
N EE & A=A R 5 SN <)
G2 E S, NE [ P 4 R 00 T B B 3 A 7E S
LR A JE [ B | N AIE T R = A LR A Y
Lb 5 R

FH B (glyphosate , GLY ) J&—FhFEFREE Hh |1z fifE
FE A I 80500, G A A 5 DL X A S R 1 78 7 R
Ky, BB S AT RS R 2 e i B 1 22— o BF
3B, GLY S H: il 50 X A= W i # 22 R 45 IV
JUE VB IE AT R B RN A R SR B A R AR
FITEPEVE T o Horp, PR © B 52 5 AT B8 £ 38
EALH VM . Mesnage % BT AE I R, K]
FEMLIGR  GLY A Xf KRR E 3 D e bE it . 1t
S VTN B R B, GLY RERS 5 S 4 i UE 7=
AHICIE D By 3k, [R) B 51 & 98 0 g, 25 LTI 15
PINR BRI R . AR BFEIRST CLY B & f e
i 2 R Pt 4, M LT AR A 23 LR

I #R5TE

1.1 FZ& A FBL S

877 : GLY ( CAS:1071-83-6, 3% [ Sigma) , TRIzol
iR A (3£ H Invitrogen) , B IH[EEE( T-CHO, 525 A111-
1-1) Hil =88 (TG, 175 : A110-1-1) (K% EZARHEA
JH & B ( LDL-C, CAS: A113-1-1) | /5 % B2 i 85 1 H [
i ( HDL-C,CAS: A112-1-1) AR (i (ALT, 555 .
C009-2-1) A& File il (AST, $7%5-: C010-2-1) I A 4
SUESEY TR A IX-T0 BB (H A
Olympus ) ,EIx800 JHR{Y ( 32 [E Bio-Tek ) ,ABI QuantS-
tudio 1 %¢ Y€ = PCR 1% ( £ E Thermo) .SCI1000-G %
AN (3L [E SCILOGEX)
1.2 SB%shihh4a

40 H.6 JEIA (18 ~20g) C57BL/6J IEME/INR [ 147 1]

JE5 SCXK(1X)2020-0001 ], 18153 THRfEds it M 5E [ I
JE(20 £2) °C, AHXTRBEE 50% ~60% ], Hila] [ i Aok
MR, i LR BRI SR B S8 sh W 18 L2 R
ZHEHE (TACUC-2023-03-101 ) . 5z 3/ U FE AL 431y 4
H(n=10) ;%] B2 (CON 4, & % k) . GLY
Tmg/ (kg « d) 3 H 2H (GLY 40, £ ¥ okl ) | i 4
41(CS 41, B HREBARE) (iK% GLY 1mg/ (kg - d)
MEH AL (CS + GLY 41, g G B kL) , ELi AL 3 6
Jil o GLY % A&k K B il e B2k 1mg/L JEK (- 20°C
WEOGORAF) , FHECHI S 0. Tmg/L 259 [ HE H ) & 1mg/
(kg - d) ],

T AR R RHR I E RE (1% ) | = IHER M (0. 5% )
Azl b B (D191107) , & kB RHE (T84) F IR
OElBRAE . ST URET, T R 2t AN R T
REEARFE v A v AR ) 2 FRURR B R 40
W1,

x1 BREEESERMENIRET 5 KL

R4 BOAEE/ (kaly)  £E/p 8/ (keal)
Caisein( B & 7) 4 m 708
1-Cystine( L- 3 £.% ) 4 3 12
reliSucrose( £ £ ) 4 200 800
Comstarch( & X £ #) 4 18 992
Dyetmose( % % #7) 4 150 600
Milkfat( % A7) 9 100 900
Ethoxyquin( 7,2 2% ) 0 0.02 0
Cellulose( 4% %) 0 50 0
ineral i £210088( £ 474 ) 0 0 0
Caleium Carbonate( % % 4 ) 0 5.5 0
Dicaleium Phosphate( 7% 24 ) 0 13 0
Potassium Citrate( 7/ 28 %) 0 16.5 0
Vitamin Mis #300030( £ 4% % %) 4 10 40
Choline Bitartrate( 7 7 % B #,) 0 2 0
Cholestrol (EEE) 0 10 0
Sodium Cholate( B &%) 0 5 0

1.3 dmiF RARFAKRE

w26 )G, /NRESE 12h (VA oK) o H
S I T El 22 B RR T/ B 3 R SR 1t 1) e 4 it
WREAS, FE 2h,4°C 3000r/min Z5.0> 10min, B I 3
=80 CIRAFZAGI . AMEMZ [T 5E , >R R AR E Ul H
FITFREIGE , 4 UM IUE 4 IF AT AR B, B — 8 20 T
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JIE, I [ i T 2 R p, R R 17 2 - 80C
MTIEge k4545, 1%+ ALT (AST LDL-C  HDL-
C.TC & TG S5 A4 b i I & 7™ s 13847 15 & il i
RS BER bR EL R D BRI AT .
L4 R s am

28 PRI AL R /) BB T OV MO 5 [T 5 , W IR IE
WL BEAT IR o 38 5 B2 = A DX S0 it 51 93 15
A& K Sk Ui, IR B 41 2345 DL se s 85 . fE it
bR EAE AR B A IE VB AT RE A AE 1 45 it B
S50 R I B AT RRRES IR R T RARIC %
1.5 o B RE R 4 28 2R % 32 70 25 A ]

I HPEREACRAE S , ] 4% 22 R WA WOtEA T
[P AL B B S A B AN i A AR . A
25T TR, X IO A0 E 8 21 21 43 391 52 it o AR -
PHEL(H&E) Gedy, JEMILEE % 2 S50 Sh I TE 45 25 Ja T
JIE 5 B2 2R 255 2R
1.6 AFjE FXR.LRH-1.SR-B1 # mRNA % ik
il

JHAH A2 Trizol B F2 IR RNA, Jf 0 Hafi B2 F vk
JESEATREIN o MR 00 1R & 4RV EHR 1, F kA
) RNA 5565 cDNA, K5 80 cDNA 545 51 5
Y454 B8 PerfectStart® Green qPCR SuperMix ( +
Dye I1) 18070 & (304, AQ602) HUARMEAL I/ , PIAT
Wi PCR Y . B 61 95°C Z 41 T Fil A2 30s, Fifi
Jo 64T 40 GRS, BB AE 95 CAZ 1 Ss F1 60°C
Bk 30s, SEH L GAPDH AE 4 N Z:B5E il ok o
FREAK CHH, 2 274 0158 B AR mRNA 1
FAXF IR o SR BIYFFanER 2 Fis .

k2 AEAINNFT
i A 03)

GAPDH F CCTCGTCCCGTAGACAAAATG
GAPDH R TGAGGTCAATGAAGGGGTCGT
FXRF GOGCCTTCTACAAGGGCTTTG
FXRR GAGGCGGTAGTCGGACATC
LRH-1 F TGAGGAACAACTCCOGGAAAA
LRH-1 R CAGACACTTTATCGCCACACA
SR-BL F ACCCATCGGTCATCGACTTG
SR-BI R CCGACAACAACGTTTGGACC

1.7 GLY 5 FXR.LRH-1.SR-Bl % & &5 F
Xt He

W i PubChem %% #% £ ( https ://pubchem. ncbi.
nlm. nih. gov/) £ H GLY ( PubChem CID:3496) f#j 3D
4ty , F 2y SDF A% 5030145 i i OpenBabel 43§
e et T L 45 0y mol2 4 XS04 5 A PDB %4

£ (https ;//www. resb. org/) 3R B FXR (PDB;10SV) |
LRH-1(PDB:1YUC) .SR-B1 ( PDB:3R69 ) 25 [ /) PDB
#3048 PyMOL PR AT 257K | 23 3R AL 5 Ak 2
el B AutoDock4. 2. 6 BEXTEE F A/ FAE Y
BTN EBRK o BCE 2 IR S IR S T B, 5
iz ] AutoDock Vina 458 i 7 721 R ME XS $, 45 2R
PRA7A PDBQT 4% 3CfF, il i OpenBabel 734 4%
e T H 400y PDB A 3C fe)mis i PyMOL &/t
P I AT
1.8 itk

SEIGHEHE DA (% £5) /R, W GraphPad Prism
8.0. 2 Hft, i id B P K J5 22 73 BT ( One-Way ANO-
VA) . P<0.05 FoRdal 2 m BA g7 Lo

2 & R

2.1 DEAKRRERMN AR E L G
AU/ M5 AR AL R B LI LA S 4

JE &R RS RG2S (K 1B) . 5 CON
E AT R (21.62 £1.10) g M EL, CS + GLY 4/
SRR K o B3, M b (23.00 £1.75) g, X
PRSI S GLY B2t/ RIRER K
J5 B PR IRME T . REAE 4 S0 (1R 1C) B,
AbFH 6 JE 5, CON 415 GLY 40 JIH T34 4k 55 15 % vk %
00375 B VRS R AE FLIR 38 25 FR A /)N 5 CS AT 241 D) 52 3
SRR B D) RHAE < 5 DR B 0 MUY DR WD R4S
A PRTUR B I 8 25 WK o (AR E R A&, CS + GLY
A ARFE ITE A o 0 URDIR &5 A TR S 2k s —
CS BRI AFTEZE ST o

A B ok
. oo [
30 k% [
GLY
24
o : cs
@
) / CS+GLY > 20
B 22 b / @
€ [
zuai =
T T
0 2 4 6 8

N osoum
ADEBEEL LB N EAH6 AEHRE( CON AR, «P<0.05, ¢ xP<0.01; 5 CS 41}
51,4 <0.00,n=6);C MFEELEEN (2 CONA,b. OLY 4,c. (S 4,d. (S+CLY 4)

Hl MRAEREREEEFEER

2.2 i AACIR AR

H R 3 By v A= A I & ds , 55 CON 41 [ g,
1E CS 21+, TC TG .LDL-C LA Jz ALT (AST i3 i 5 H
B EFH(P <0.01) , UESE T 18 AR 1 ey H [ i RE 05 175
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RS 2 Wy i AC I 2R L. GLY 414H%L T CON
2, ARLFEILH TC TG . LDL-C il ALT  AST 7K -1 i
I, Al HDL-C % 2 5 25 F % (P <0.05 5 <0.01) ,
X— RGNV B GLY 2 82 75 v] X g o A 15 A ik
Dt s . teAh, 76 CS + GLY BG4, 5
Pl CS A PR ZH AH F, TC . TG \LDL-C Jz AST  ALT
TR EET A 2 (P <0.05 5% <0.01) , A 1R
FHBRE T i B A5 ) S8 o

%3 /N TC.TG LDL-C HDL-C . ALT
F AST AFE (2 +s,n = 6)

43 Group CON GLY (s (S+6LY
10/ (mmol/L) 120£0.07  2.50£0.09%  5.62£0.15% % 6.84£0.15"
76/ (mmol/L) 0.5040.03  0.78£0.03" 0.89£0.02" " 1.0320.03*
LDL-C/( mmal/L) 0.97£0.08  1.59:0.09% 2.360.12"*  2.800.11"
HDL-C/( mmal/ L) 2.840.00  210£0.08"  1.88£0.04" " 1.5420.07"
ALT/(U/L) 6.20£0.34  10.40£0.26™ " 1.740.33" " 13.30:0.40*
AST/(U/L) 648020 9.32:0.307 * 10.93£0.9" " 12.16+0.28"

5 CONZHE, #P<0.05, % % P<0.01; 5 S 4 1.5 4P <0.05 P <0.01,

2.3 DRFJeEHBmEFLER
JPREE L S B~ 25 5150 A (P 2A) dgis, CON 4
ZIN B S St R R R X DR 28, T 40 2R S A U
B, R IG5 542402 5 CS + GLY 2 D) 12 g 25 114 Ji- 44
A BSOS , A 200 b i, v e e A
EE%EEM%*E( K 2B) 7%, CON 2 IR & BELE 4 58
B ORI DU B3 A= 5 CS 2L B0 R I 19 R
JE LT AEGURIE N, 117 CS + GLY B 41 4 i J 47 4k

IR AV ISR

Tk —— FAMA

L EER

A HE S4B, B HE 4 (2. CON42.b. OLY 4 ,c.CS 4,0, S+ CLY 4,
M2 M EEALREFER

2.4 ) ZRAFPE4L 20 FXR, LRH-1,SR-Bl &
mRNA %k

24 /NEUIFIEZE 4T FXR .LRH-1 SR-B1 f#) mRNA
FIRARL I 3, 5 CON 4AHEL,CS 41 .CS + GLY 4

FXR ) mRNA 355 B2 (P <0.05 5% <0.01) ,
LRH-1 SR-BI ) mRNA £k EE 5 (P <0.01);
5 CS4iAHH,CS + GLY 4 FXR 1) mRNA ik i3
MK (P <0.01) ,LRH-1 1 SR-B1 ) mRNA ik §
FHIE(P<0.01),

ey —m &
(FXRBA «— (FXR BA % 4 SR FL
@@ ar S e : -
s 2 == CS+GLY |—*L
o CsmE) g2 =
"g;’\’p%LVl7Al}—LRH1_' M > E #
(& \&) N ge
LT w
‘ .:-. é T !

T
2% FXR LRH-1 SR-B1
e BA Ui

5 CONSHE, #P<0.05, % +P<0.01; 5 (S 415 4P <0.015n=3,
[3 &4/NE 44 FXR LRH-1 SR-BI # mRNA % i [

2.5 oFxaEsaR

3 FXFE AT AT AN GLY 5 JIH [ B 45 1 5 AH
ML Z A B S5 AR . 18 4 T XHE K AE FXR
LRH-1 SR-BI 5 GLY %1245 4 F2 1, PyMOL 2. 6
A T T A AL 3 (LI 4) o XS R R, GLY
Wi 3 NS S S2A FXR 2 19 ASN-268 .GLU-265 .
LYS-269 k3454 GLY 5@ 8 N4kt 552k LRH-1
HE 1 ASP460 , GLU-384 . ARG-507 %% 3t 45 4 GLY
T 10 N5 32 & SR-BI & 1) ALA-280 ,ARG-
242 VAL-243 L) J; VAL-245 #3454 FXR LRH-1
SR-BI 55 GLY 4> F X 5 RE KK N - 10. 46, - 5.
10, —9. 29k)/mol, H.A7 84 W X #E 1 PE. #EI GLY
A g g FXR .LRH-1 .SR-B1 =/~ F AR 5 5 i H [#]
B2 A Y R

LTS | IR AT R

A GLY%F);R B.GLY & LRH-15C.CLY 5 SR-BI,
A4 GLY 5 FXR.IRH-1 SR-BI & A&y Fr# £ R R 2D HERA A

3 3 iR

EL AT SCHRE ™ 48 R £ I B ot e A T
SETH AR LT e R A0 2, B — A AR e L[] I 4
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T R H) S e PR At S G R Ul S SR v R
[P 2 5 E R 6 1 1) M 7 SR RE A% iU 5 S S B sh )
R R B IR A RE , R A 38 AT 3K 90% , CSTBL/6
sty /N BRG] I [ B 45 1 1 A R ) SRR T )2
SR FH, LA A A 5 e O ) b B A T
I, A SR e BUEME CSTBL/6 /NBUE NS AT 42, 1
FEZER IR, 56 BT Lb, 157 24 /) BRJTH B (A FH S
K, RIHR AT DL I 5% Py 1 BRUR VD AR 25 A TOAR, [ B i
Bt (i 4 H R M B, 52 B8 B B S 4G AR
5 PR B RS 1 H s e /)N B R

VA 240 ARG %) SRR 7 40, LB ) AR 00 5 I
[T BELS A0 10 & R B VTR G o IR %) AL M ot el A2 18
FEVE T I8 B 5 R A At e 7 L W e
JIFL [ P A AR /)N BRI 3 A= A6 F8 FR i TC . TG | LDL-C
WRE L IE 5 /N B 3G . AptsR b, 55 CON 2141
k, CS 4 /MNR MG o TC TG L) f LDL-C #5133
ETFE@F R HDL-C ACFI S 251 B, 3k — B4 10
Y i 37 DR [ 52 8 ok e M R 2 AR 07 O [ s i
T Ak SO [ R R, R AR T
AR I X . A e 3, GLY SR B3
S AR A A, 3 B Pl o s 43 R A
s, 5 CS 4AHE, CS + GLY 41 TC TG F1 LDL-C ¥
B ETH R HDL-C ¥ B 5 & B AIG, iX — 4 GLY
T R B A S, DA 75 & A 20 L[] s 6 iy o 24
BLI PR HE T3 %) SL 35 4K o

CS ZH/NEMm i ALT (AST & i3 B e, iX —
JHYiREFRPRbE s CS 4/ BURIE A 2% A T B i
AR E— 2P X ZHZ HE Geta ) kB CS 41/ BRUH 40 i
H1 I I e ik B4R, A HE 0 A T, (D BRI L R S
16, FH 20 M4 O Fe B 5 A (] 2 R A O . HFRE
JE GLY FEB MR AW %A & GLY
KIREE , B TR RN U g b ALT (AST &+,
6T 200 o JH R B8 o i, TR A Y A 3 2 A e
BEBUME . A HFFT 45 L JE [ B s R/
SRUIH S BE I do) 18 )5, e IR 21 44 703 22, 3 265 AR
2 P EUIB RS D RE A AR i i 2 IH 220 21 HE
e, B CS ZH/NERUIBREZE RS 5 | b NI I 4T 4E 9™
FeHZ Ui CS /NIRRT REC 3240, S B
W RIER N . XA RESEFR N CS 4/hERBA Tid £
F1%) e IEL [ e JEL IR 0 80 ek, 32 B0/ BRI I Y
TC TG 7K~ S8 3 i, 40 B g o aek B R AR, Rl B iR
PR AE Dy fg b PR AS , IE RS2 BHL, DI 52 0 1 AL
PRI IE B A B o XA 0 4 2 fi) IR 3 Y
BE AR EUNRNIE RS LA, EiRgE AR
B, GLY B — A L il T 80a Mk g/ R

JIE L U IR AT FLRE

2 AR A4 -1 (LRH-1 ) S A% 52 1R 53 0 1 31 2
G, A TR AR A B 3 Q0 A e, A JOEL [ A 5
P R VBN L IR EESE Y R B, AR
[ 4 40 PR ZE 40 LRH-1 mRNA kT, #2
7% LRH-1 A] i 1 45 HA R R 9 2238, S 8UIR T
JUEL (76 e 2 R A DR 2%, i e L 20 JOEL (3] st 485 o 1 T
Ji. SR-BI 2 JIT 2 o 2 1A 45 3 25 %% J3 I 4 11 ( HDL)
F 2 A S v e 3k AT I 35 4 T I A L
K-, DT 384 o UEL 6 P £ 1) % A= ME R 2 LRH-1 fig
% 5 SR-B1 3L PH S 3 F KR A B 45 4, 30 i
PERIER RS R o A0 T i 1 4 2 41
(R B X 2R (FXR) , Al i bR/ — B
B (SHP) 9415, 4f LRH-1 (%5 53805 Th g™ 14
RER . AR A TR, GLY 28 S5
T A543 , 51 - %l 3y B 5 9, 3 3 3 40 44 O e
FXR [H 335, e 252 M RH 3 R A B A IE ] e A 0 ad
o AWIREER I, 5 CS 4, CS + GLY 4119
FXR mRNA 3k i & R, M LRH-1,SR-Bl mRNA
Fk W LR ARR GLY S b3 IF [ 5t 4 9 A 06 5k
P TAER . AT BE— 2B B03F GLY & 7538 i 4%
FXR LRH-1 SR-B1 5 [ 3k B #2 5% [H] 422 52t JIH [ fig
A, 5T F R EEROR, 4 T GLY 5 FXR,
LRH-1 SR-B1 =F 2K (1 2 ] B ¥ 26 A0 B4R JH . 45 1
E~,GLY 5 FXR .LRH-1 .} SR-B1 ¥ FE I H R iF1Y
SEBEIEE . F eI, GLY 7] AESE - 1 4] FXR %3k,
43R % LRH-1/SR-BL PRGN , 1 T8 Mo X6 1 375
HDL-C. #9355, SO0 AE - P JE 5 1 565 8 o, 0 1 e
oML T P o AR S , B I £ T B XU

2% b, GLY A A T I8 AT HE 4140 FXR 19455
JKF, 4R 58 LRH-1 % SR-B1 {845 4F ], il &K 53
LGS 53 5 LA 5 JIEL 988 3 e e sk, o B 85
REES /N BB E BELE & . B T/ARSA
A RE E BEAR T i3 48 S BT BRI ML) A A — 2
F ol 8 2 55, LY 6F /) BR3P 1 1y % 0 2 75 7] 4
FEOMEZ R AT R7 1 R S0 0 R N 5256 5 RS M5
HE—HAIE S

S 3K

(1] TRl 2w BORA &8 - kot 4 8 B B i R 4
FERERRI 5 R H X B B4k b e A il

15 [D]. jt I - o B E Rk % ,2023

W, BRI, KR LR B AR R R L6 T BT

JH R[] AT R A4 % ,2016,28(2) 1155

R, G AR EEEE ZmILE A R IR [T ]

F
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BISCHB A A, e 2, T E 4 F AFMAR AT A4 AMPK-N2/HO-1 #h 3% F X Koo mpesk s = [J]. AR FRFR(ESR
) ,2025,39(5) :380 - 385.

IR E T B AMPK-Ni2/HO-1 $4i%
j( OO AL REERIE T

/,’;t 77"J ,,ﬂﬁ l12 ? ﬂil 5}.( —‘—*—3 #]!EI-*3 —ﬁ—ﬂiiz 4?&%}_3** ik%Z**

(L. /?-L}H[iﬂ&%@n[%MﬂE%—%% A BT 43710052, B 7 R E /AR RCE I
ME%S—ER I 3G KRR FQ ,3-/#]%%%&%[‘7@%””!3?‘%%[%“ P )

TEE: B F4 IR 0T & B8 e (AMPK) X408 (PA) ¥ 5 B9 A L L 28 AL 4K 0 = B9 18 Bl RCEEALARL .
| PA 472 HO2 41l 24h, CCK-8 4 1] PA Xt 48 i 7& 1 4y % " , @ 3t RT-qPCR #n Western blot £ Il AMPK Nrf2 \HO-1 u
B TR EFHERE TN, FRAFEAERN BB R ENS (LPO) KTy &, 3 — % K AMPK ¥ 3 7
AICAR = #7141 | Compound C T4 2 , 1% fh £ R #5474 1t R B, R K ) £ B 4 0 & 2 48 B F 4% % 7 \MDA #2 GSH
KW EAN, 55 PA Hwdm fl LPO 4 &, P& AMPK Nrf2 HO-1 Fn4k 36 1= 48 % Bl F SLCTALL \GPX4 ty & & fn 4L B %
kKT 48T, AMPK #3577 AICAR AL 22 35 4% PA 15 5 6 28 M0 4117, & & 48 f8 GSH, 8 {K MDA Fn 4k /K F; 48 &, AMPK
# % 5 Compound C U ¥ — 2% fm B 147 , P& 40 . GSH, 3 An MDA fn4k K F (P <0.05), Z5i PA &3t Tif AMPK ¥
% Nrf2/HO-1 1= 5 3 & , T % 5 A Bl WL 48 fiL 4% 38T

KRR AFAE B IR R U R B O 5 4K 0 T Nef2/HO-1 {5 B3 B

& 4> 25 : R965 N EkFRINAD ;A
X EHE 20954646 (2025 ) 05-0380-006 FRFE ( FIREARS ) #RIRAG(0SID) :

DOI:10. 16751/j. enki. 2095-4646. 2025031308

Palmitic Acid Induced Ferroptosis in Rat Cardiomyocytes by

Inhibiting the AMPK-Nrf2/HO-1 Axis
LING Li,REN Zhan-hong, WANG Ding-miao, et al
(School of Pharmacy , Xianning Medical College ,Hubei University of Science and Technology,
Xianning Hubei 437100, China)

ABSTRACT : Objective To investigate the role of adenylate activated protein kinase ( AMPK) and its mechanism on palmitic acid
(PA) -induced ferroptosis in rat cardiomyocytes. Methods The H9¢2 cells were treated with PA for 24 hours, and the effect of PA on cell vi-
ability was detected by CCK-8. The expression levels of AMPK ,Nrf2,HO-1,and ferroptosis-related factors were detected by RT-qPCR and
Western blot. And the lipid peroxidation level was detected by lipid peroxidation assay kit. Further pretreatment with AMPK agonist AICAR
or inhibitor Compound C was performed to evaluate the changes in the above indicators. Meanwhile,iron assay kit, MDA kit and GSH assay
kit were utilized to detect the changes in the content of iron ions, MDA and GSH in each group,respectively. Results PA increased the con-
tent of LPO and decreased the protein and gene expression levels of AMPK, Nif2 , HO-1, ferroptosis-related factors SLC7A11 and GPX4.
However , pretreatment with the AMPK agonist AICAR reversed PA-induced cell damage ,increased cellular GSH levels, and decreased MDA
and iron levels. In contrast, the AMPK inhibitor Compound C further exacerbated the damage, decreased the cellular GSH level, and in-
creased MDA and iron levels (P <0.05). Conclusion PA induces ferroptosis in rat cardiomyocytes by modulating the Nrf2/HO-1 signaling
pathway through down-regulation of AMPK.

KEY WORDS : Palmitic acid; Adenylate activated protein kinase ; Ferroptosis ; Nrf2/HO-1 signaling pathway
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¥ PR 975 0> L9 ( diabetes cardiomyopathy , DCM ) &
KM T EORE RO S T R — LG LSS R N ) fE
SFEH RRFAE RO LA AE , 32 R IR O UL A8 A AR K
D ILEFAEAL 0 LSS FIET 5K 2 RERE A5 452 0 RV
AR ) T B AN W2t 25, {2 DM g8 35475 1 i (2 25 1)
DR

FEREDR I RS, 0 WL 40 M 09 it A & A
A2 BRI ARG I, S 00 LA B PN i AR 22 i
B %0 LA T MG T R 9 S S 0T TR ¢ A R A R
(PA) FE O L S 8RR, 3l 2ok 35 i i o 4804k 9 ot
I 7 S S A LR O LA o I AR I 5T
R RFCT I — R AR Y IS ot 2o 4 A 3K 5 114 7 L
AIHAETJr 3, 78 DCM L LA S Bl S i
BRAET R 550 JULAN L PN 8k 8 5~ AR R AR o ol 4
e i AR R UIARSG , i — 20 sl 10 JULAR i Y
Hibi.

RREHR 3% 15 25 H I 8 ( AMP-activated protein ki-
nase , AMPK) i 21l i RE £ 4 38§ 9 A% O 1 4 TR 5, Ll
b SRR A0 B N = W R R (ATP) 5 — il R R T
(AMP) L {H (ATP/AMP) A2 4k, 75 fE f AU 5 AL
IO R4S Hh R S SRR T, IR B B JHE W PR 4
PRI B IR 7 W SR TP 3 5. R AMPK-
Nrf2 e B 7ECo JUL ke I -FF8E 33 450 403 v i S Bk BE T A
EL B UESE " H LA B DR O JULIR 8 0 B 745 1 7k
PREE (40 PA Z B v i 3 45 R S AL A R e AT A
Wi T, ARWFSE L AMPK Sy R 5 55, g2 57 PA
P50 HOe2 RO LA NS B P AR 1Y, 2R BE 5 1
T o] 38 3 R A8 T IR AR R PR O L ) K AL T

| HRSHE

1.1 2k Al

FEHE 4P ( P5585-10G, Sigma ) ; DMEM &5 4 3% 75 %t
(SH30022, ZE B K HE /R A WAk 27 i A BR A WD) 5 p-
AMPK/AMPK ( AP1171/A1229, ABclonal ), Nrf2
(A3577,ABclonal ) \HO-1( A1346, ABclonal ) . Jjt & Br/
RRMEIZEE 11 SLCTALL (A2413 , ABclonal) 28 e
ki A k¥ Bl 4 GPX4 ( A11243, ABclonal ) | B-actin
( AC006 , ABclonal ) ; AICAR ( HY-13417, 3 [§] MCE /:
YR\ 7] ) Al Compound C ( HY-13418A , 35 E MCE
ARl /3 5] ) ; RNA isolater Total RNA Extraction Re-
agent( R401-01, B 7L Vazyme A= 945 R/ ] ) 1 HiS-
cript Il All-in-one RT SuperMix Perfect for qPCR
(R333-01,F§ 5t Vazyme =¥ A/ 7] ) ; CCK-8 4 Jifg
i 3R & (BB4202, DU AR ) 5 38 v 45 e 1 JIK
( glutathione , r-glutamyl cysteingl + glycine, GSH) il %

R G (A006-2-1, F it LAY AR 5T T ) L
Bl € 1550 & (A039-2-1, 1 5t 4t A A ¥ L AR AT 50
1) JAHME P — 8 ( malondialdehyde , MDA ) Il & 357 &5
(A003-4-1, 5 5t G AW TREWE 58 T ) 40 A% 25 1
SR & (WO37-1-1, 1 U A= W) CAREWFSE )
B 5T 3k Ak A D R & ( BODIPY 581/591 Cil,

S0043M, R~ RAEYFARFRAH)
1.2 BE

Z ) 58 % 06 G A1 AL ( ELx800, 3¢ [E Bio-Tek 2%
) ; Mini-Sub Cell GT /K- H1 Jik i ( 58 [ Bio-Tek 7%
F]) . Mini Trans-Blot ® Module ( 170-3935, 3£ [&] Bio-
Tek /A ] ) .Gel Doc EZ BEIE 8% 255 ( Gel Doc EZ im-
aging system , % [§] Bio-Tek /] ) Fl CFX Connect™ %%
JtE it PCR KGN £ 48 (1855200, 36 [ Bio-Tek 23] ) 5
PR IT TXT73 5] 5% B flld (1X73, H A Olympus
N H)) 5 v S VR B0 HL (CPIOONX, 7 [ Eppendorf
NI
1.3 @mpeizifelsa

REC LA HO2 W B i v 382 E fr BB
FRAF], T 37C 5% CO, MEANREREFRAE D, R H]
& 10% 4= L3 (FBS) ,100U/mL 7 %5 % Fl 100wg/
mL 5E% KA DMEM mbiiE R Segb AT % o F $ik
IR ANMI AT 525G . S5 I3 k) BRZH (DMEM 58 4 B
FHE) s PA 60pmol/L 241 : 60mol/L f PA 4b# H9c2
Y 24h; AMPK 33 512 : il & AICAR 10pmol/L
BEFREL 1% 55 240 ; AMPK 4|59 4H . A& Compound C
10pumol/ L {15 FHE R FF 24h; AMPK 33l 5% + PA 4.
H&H AICAR 10pwmol/L £5 32 3L WAL # 2h 5 im A
PA 60mol/L 132 24h; AMPK 171 + PA 241 JHI &
# Compound C 10pmol/L 5 FRFE AL BE 2h J5 F- i A
PA 60pumol/L 1555 24h,,

1.4 s3Ik
1.4.1 CCK-8 ¥4

1 HOe2 2 270 T 96 fLAk , For 4 Mu A= 1 2] 70%
BERE W R Mk B (20,40 .60 ,80 , 100 wmol/L) i) PA
IAAL T, B & M 24h, FER AL A CCK-8 ¥ )K
10 L, 0% 5 4 A 20min , 57 F AR A AE 450nm 40
WO RE (A450nm) {H ., AHAEAAIG R (%) = (L5 A
A450nm — 25 12 A450nm ) / ( 2 il % BE 2 A450nm —
23 141 A450nm) x 100% ,
1.4.2 HREFAI

F HOc2 A 28 24 FLAR , 4 A 5321 5 4b R [A]
1.3, WSE A2 A S (A 4 it , PBS PEU 3 WK, A:fLm
A% 10pmol/L C11 BODIPY Z&Y6#54f (1) DMEM JLfi



382 WHERE B R (B0 2025 4E55 39 48 5 81 Journal of Hubei University of Science and Technology (Medical Sciences ) )

B ek 37°C#OLIFF 20min, PBS i VEMIRK LA £ R £
RYSRL o B IR A I A D ¢ (5 R, A
VAR AR B A S B

1.4.3 Western 5 [ Fl5ih =

1 H9c2 Al ih 2 6 LAk, 20 g 73 2H 5 Ak 3L [
1.3, WS A AR5 B 240 i, PBS PR 3 I, A
RIPA 2L, TCAE VK | 2% 30min , 5B 10min R4 1
o 4°C,8000 x g £.0> 30min, Y4k -3, I BCA &
P S A T a7 6 D0 2 ok B o (S A
J e A5 5 1 23 B SRR BE R AT LUK, TR R B &
PVDF Jii b 5% I NG % B 844 1M i 25 B M
PVDF i 2h J5fin A —#$1T (SLC7A11, GPX4, AMPK,
Nif2 1 B LB A biA, #5 1: 1000 ke, HO-1 Hi ik
1: 10000 #i #% ) 4°C & iF &Ko A ZHT (1: 1000
) &l M E 2h, ECL W AABRE)S ] Image J 8044
HATE B ST O E (integrated absorbance , TA)
o3t VLB WIshE NS A, Fr 8 AR 5
K IA HAREE/TA WS EE EER .

1.4.4 RT-qPCR %]

H HOc2 4l fid e i 22 6 FLAR, 2 g 73 415 Ak 34 1]
1.3, AR AL SIS (Y 40 B, PBS PR 3 1k, L
A 0. 5mL 5 RNA$2 I3, K 200 i 28 e i Wi 4 31
L. SmlL Joffi EP 45, E4T RNA 73 B UUUE k. B
RNA A#2 5 1 L B2 4%, Nanodrop 2000 £ 43l 7 RNA
e BEFI A260/A280 Hofl. A 4% RNA # Vazyme 3
e s iR & AT SO, B 2 S0°C 15min, 85°C S,
4°C A5 B cDNA ; =47 B T 5230 5 - 80°C fAf . H
Wi B 5 A% )5 1 cDNA, 4% 1 real-time PCR U] 43 17
SR, SN FE R R s W AR % 95°C 5min, 95°C 10s,
60°C 30s,40 N7F 30 ¥ fift lh £ h:95°C 15s,60C
60s,95°C 15s, FFHBE 3 PNEAL,B-actin fE NS
R B 2 AT EOR ST . SRS
FPol 1,

# 1 gRT-PCR 5|4 J7 71 &

Primer 44 (5 163)
Nif2 Forward; CAACTACTCCCAGGTTGCCC
Reverse: AGTGACTGAAACGTAGCCGAA
AMPK Forward; GAAGATCGGACACTACGTGC
Reverse: ACTGCCACTTTATGGCCTGTC
SLCTAIL Forward; TGTCACCATTGGCTATGTGCT
Reverse: GCCGCTCAGAAAAGGTCACT
HO-l Forward; CACGCATATACCCGCTACCT
Reverse: CCAGAGTGTTCATTCGAGCA
(GPX4 Forward: GGAGCCAGGGAGTAACGAAG
Reverse: TGTCGATGAGGAACTTGGTGAA
Bactin Forward; AAAAACTGGAACGGTGAAGG

Reverse: GTACAATCAAAGTCCTCGGC

1.4.5  ZA Py ek & il

W HOC2 40 dFP 2 6 FLAR , 40 i /> 415 Ab BRI
1.3 BRALIIAE 2 B IO, VKK T8 3647 788 7 240 I
i, 7€ 4°C K 8000 x g Z5.0> 10min, H I 3E ¥ 0. S5mL
JA 1. SmlL 2k ARV E 4 ,0. SmL BUEEK A
1. 5mL 2k e F/E R 25 (8, 0. SmL ZbR i O
AL SmL 8B A FE IR ERE . 4IRS, WK%
Smin, 215 8000 x g B> 10min, B FI5W 1. OmL,
FERFFRAY 520nm Zb {8 F WK K 0 %, I 4548 W' B
CAA) {H, TT53 40 9 42 14 2 2 40 i 4% & & (umol/
gprot) = [ (Cppm X AAgy + AApy) X Vi X 10° x
55.845]/Cpp X Vo
1.4.6 MDA &84

4 HOC2 045l 2 6 FLAR, 240 il 43 2H 5 Ak 3 [)
1.3, RRALIMA SRR b AT 2407, 7850 T e 5 0
Smin, JU Sl #E4T BCA 88 (B it o AR R &
H TAE W, 84318 59, 95°C [ 20min, PK % &
5min, 10 000 x g B.0> 10min, B 5N ZE 96 FLAR
W FERBFR Y 532nm AN G RE(E, AR % MDA (4R
HERN R T RE S ) MDA Y B IF AR B R4 T
BEE . MDA £ & ((wmol/gprot) = Cypa/Crey o
1.4.7 GSH &

W HOC2 40 3P 2 6 FLAR , 40 i 73 415 Ab BRI
1.3, AfLINA ImL GSH #6505 , 8 A5 Ab 21 40 i A
it ,4°C E VR VRSO AL 10000 x g B0 10min f5, fITA
TAEW 37CHEE 10min, 37 BUEC FIE7ERFARY 412nm
AR E W SEREAE (A) . GSH 5 & ((umol/gprot) =
[ (Agmg - Ay ) X PR ER YR x GSH 701 & x T B
B0/ T (A = Ayy) X Cpppe X 10007
1.4.8 BIRSE

¥ HOC2 2 L35 Fh 28 6 FLAK , 20 ff 70 4 5 b 3L )
1.3, PBS YEIFAIM 3 W5 ,4C msl 2 R &0l E
10 000 x g B> 2min, 5% F g J0A 200l K& H
PRGN IR S5 VKA S 10min, P55 53 38 iE 4 C 5
BV UREOHLE 10 000 x g B0 10min, - F B 4
MR . BUTREY A 50 ~ 100wl 4% 8 (A 42 B
A, F R E 15s, KB E 10min, PR AT 3
PATHE ,4°C A R B0 ML 1 10 000 x g #5500 10min, B
IEBC A A
1.5 %its %

SO A R DL (2 £ 5) 327K, 2k ] GraphPad
Prism 9.5 GEit 3K (F -4 T 8008 3 A1 o 22 A )RS 3ok
AR Z 22500 AR LU BCR 1 KB, P <0.05 2

SHAGE X
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2.1 PA#EF UMMk A4k T

WE 1 s, 5% RAUAE e, AN R R B PA 4b 2
J& A MEAA TG R 5T B, 7E 60 umol /L BAT 51t
B (P<0.05), HUt, AW 73 ik iz BE A 7 223
5o SXTHEA AL, PA 60 wmol/L 4H kAL 141 % A+
SLCTALL FI GPX4 1y 5E [ 5 2 11 3 ik ¥ W 3% PR AIG
(P <0.05);PA 411 LPO Zg 5 (5 5 Bt i T X
HEA, W] PA 55 T AN & AR T R ot ad 8 Ak 0,
PA Al 0 LA MR T R A

A ]
OSLCTAT
05 57
e, BGPX
*
9 04 :F -
g T5 104
508 18
z S
5 924 oy
g 25
T o 05+
Q 014 f E
L P S P s —
Conlrol 20 40 80 80 100 00
PA/mol /L Control A BOpmol /L
& D

Control PA 60 ymol /L

SLOTAT [ S 55l
GPX4 |- 1)
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Betulinic Acid Inhibits the Proliferation and Migration of Cervical

Cancer SIHA Cells Through Downregulation of c-Myc Protein
ZHU Qiao-yun,ZHU Bo
( Obstetrics and Gynecology Department ,Xian’ an Traditional Chinese Medicine Hospital ,
Xianning Hubei 437000, China)

ABSTRACT ; Objective To evaluate the inhibitory effect and partial molecular mechanism of betulinic acid (BA) on the malignant bi-
ological behavior of cervical cancer SIHA cells. Methods Cervical cancer SIHA cells were cultured in cell incubator with constant tempera-
ture and humidit and treated with different concentration gradients of BA to detecte the proliferation and migration ability. The optical-density
of SIHA cells was detected by MTT assay,and then the time-dependent inhibition of SIHA cells by BA at the same concentration was evalua-
ted. The single cell clonal proliferation ability of SIHA cells was detected by plate clone formation assay. The migration and invasion ability of
SIHA cells were evaluated by Transwell cell small chamber migration and invasion assay. The c-Myc protein expression level in SIHA cells
treated with BA was deteced by Western blot assay. Resue assay was applied to demonstrate whether the inhibitory effect of BA was mediated
by ¢-Myc pathway. Results BA could inhibit the survival and proliferation of SIHA cells in a time and dose-dependent manner, as well as the
migration and invasion in a dose-dependent manner. In a certain dose range , BA down-regulated the expression of oncogene c-Myc protein. c-
Myc-saRNA can partly counteract the inhibition effect of BA. Conclusion BA can inhibit the proliferation and migration of cervical cancer
SIHA cells,and its mechanism is related to the down-regulation of c-Myc protein expression.

KEY WORDS : Betulinic acid; Cervical cancer;SIHA ;c-Myc ; Migration
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Bl KB, AR, A, E HHALLEAY Q78852 PFOS R EF & PCL12 a5 ey Hr i [1]. A S m
(ER),2025,39(5) :391 —395.

TS E2BHET EERLE PFOS REFTH
PC12 ZH pa 35 {5 B9 3%

X EH kTR AR, EXIR K-, B
(1. R ABBAFEZFE, M RN 430065;2. Lh A FEAFERFEFRHERLEER)

WE B BN TS5 EH(SPH AR F L #ER h(PFOS) thw K MUK PCI2 A Bk 9 T HAEA . A3k
¥ PCI12 41 ffs % % T 100,200,300 ,400 500 umol/L #7 PFOS, F| A B Fk v v 3£ py st (MTT) 3 45 91 48 8 75 77 ; Western blot
HR HEAE A B AR T, B REAS5.25.50ug/mL SP FE 4 PCI12 48 4 )5 , FI 500pmmol/L PFOS Fo 1 [ i &
SPI 3£ & ,MTT 4 M| 28 4, 7% 77 ; Hoechst % 6,4 20 fL B 1-32, 7 Z 4. — & K K % = . Bk By (DCFH-DA ) 45 41 #7328 4 |
21 fig 78 V£ AT s Western blot A0 & w4l X & & LC3 . p62 AR A R, LR FEKE PFOS 2F 5, 5 B4t
#,100,200,300 400 Fz 500 wmol/L PFOS £ % [&{% PC12 8 ff1 7% /7 (P <0.01) ,500pmol/L PFOS # LC3 Z G %k E %
FF(P<0.05),400 1 500umol/L PFOS B 41 p62 & 4k k B % F# (P <0.05), 7 [ # & PFOS 4 Beclinl , Atg5 .
Agl2 EARAKFRAREA; 4T AR KEH SPI THE, 5 500umol/L PFOS 41 1, %2 ,50wg/mL SPJ 41 41 jit ] = &
B, EEEATBK(P <0.01),25 F1 50pg/mL SPJ & 34 40 f & A1 W1 B 3 7 (P <0.01) ,LC3 Fn p62 & A %k £ W
BRK(P<0.05), S AT SRR MRILA T B 4R EWME PFOS & 7 7 5t PC12 41 f 415 .

XBHR:2AFHERE N TSERE 8%
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Effect of Saponins from Panax Japonicus on Autophagy
after PFOS Exposure in PC12 Cells

LIU Hui-min,PI Xue-jiao, WANG Ting, et al
(College of Medicine ,Wuhan University of Science and Technology , Wuhan Hubei 430065 , China)

ABSTRACT : Objective To investigate the neurotoxic effect of Perfluorooctane Sulfonates (PFOS) and the intervention effects of Sapo-
nins from Panax japonicus ( SPJ) on PC12 cell. Methods The PCI12 cells were exposed to 100,200,300,400,500 wmol/L PFOS,cell via-
bility was detected by Methyl Thiazolyl Tetrazolium ( MTT). The levels of autophagy-related proteins were assessed using Western blot. PC12
cells were pretreated with different concentrations of SPJ (5,25,50wg/mL) ,then incubated with 500 pwmol/L PFOS and various concentra-
tions of SPJ. The cell viability was detected by MTT. The cell apoptosis was edtected by Hoechst staining. The cellular reactive oxygen spe-
cies levels were measured by 27,7-Dichlorodihydrofluorescein diacetate ( DCFH-DA) probe labeling. Autophagy-related proteins such as LC3
and p62 were detected through Western blot. Results After exposure to different concentrations of PFOS, the viability of PC12 cells in 100,
200,300,400 and 500 pmol/T. PFOS groups were significantly decreased (P <0.01) ,when compared to control cells. The expression of
LC3 protein in 500 wmol/L PFOS exposure group was significantly increased (P <0.05) ,as well as the expression of p62 protein in 400
and 500umol/L PFOS exposure groups (P <0.05). There were no significant changes in Beclinl , Atg5 and Atgl2 protein expression in dif-
ferent concentration PFOS exposure groups. Compared with 500 umol/L PFOS exposure group, the number of apoptotic cells and the levels of
reactive oxygen species in the 50wg/mL SPJ group were significantly decreased (P <0.01) ,Meanwhile,the cell viability was significantly
increased (P <0.01) ,and the expressions of LC3 and p62 proteins were significantly decreased in 25 and 50pug/mL SPJ groups (P <O.
05). Conclusion SPJ can reduce the damage of PC12 cells induced by PFOS exposure by regulating autophagy pathway.

KEY WORDS : Perfluorooctane sulfonates ; Saponins from Panax japonicus ; Autophagy
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32% it A R B B IR REE 8 B DL S
GTEPE R — i LA i R i AT B A A
RFHER AR . B IRTEGA B SR B AL AR
A T AR AR A RN 0 , AR 52 0 2 1 o
IhBE N, HAT#FsE LW, PFOS AEfS
T 3 AR - A il R 7 0 ) R A B W R $5E AR 4
MOgs A T, AT 51 & 8 PE. A7 75 2 (panacis ja-
ponica rhizoma ) J& FIIE} NS @A YT T S 10 T HAR
25 AR 2R RO SR AE e [ 2 ) v, R PR R
G TR 3 AT 15 2 B B8 1T (saponins from panax ja-
ponicus, SPJ) , HA BT R BT I8 1= FPr A 4k 55 25 BEAE
FY . AT, SPY i i S AL L AR T L B
W KT 2 HE R AR T, B0 A 0 B R o ER
SPJ X} PFOS 175 & K FRURH 28 4 463 10 i DR 4P 4 FH & 75
HAGEATA LM AEE,

| HESHE

L1 SEEedtt
L1 g0k 5259

KR b R 8 5 4 R 4 e ( PC12 21 i) Hy — ik
KR e B

P2 BTt Z e R 5 2 e AT g i 18 1
T, HITCH PBS SRk BCHI IR 51 5805, AL IB IR g
4CHOCIRAT

PFOS £F % B 1 . #K B 269. 115mg 1) PFOS, H
1mL DMSO Ag il i S00mmol/ L BRI, 15 42 1 7
Hii g 1000 £ 22 500 pumol/ L, I AP435 B 22 T it
f) PFOS ¥ B, #i3 i¢ 4% ¥ #4 2. PFOS ¥ fif 72 DMSO
o AT SRR R EE S 0. 1%
1.1.2 F255

R R P (PROS, B BURAF] A #]) 5 RP-
MI-1640 5373 ( GIBCO A &) ; I 4= 1115 ( Gemini Bio
AW HE R/ R AP YRR A e SR
(MTT) Jois PBS i W (D P 3 A W) BOR A BR A
Fl) 50.25% JRREA TR (W5 A Y E 2 H AR A BR
A]) s DMSO( 40 M 35 52 4, Rk R A HEARA RS
v ) 5 R RN & Hoechst B A ( FifE = K
HWHARA R F]) 5 B-actin( GB11001 , iGILFELE /K Az
MRS A R 1) s LC3 (14600-1-AP) | p62 ( 18420-1-
AP, UL = 8 A W H R A R 2 7], A dit ) 5 Beclind
(WL02508) ,Atg5 (WI1.02411) | Atgl2 (WL03144, J52&
VR R A i) o
1.1.3 fae

BSA224S Hi KV T8 [ 38 2 R 0T Ay 24 w5
Tanon-4600 k27 % 5t AR B2 AU T 1 K BE R L

A BRA T ;311 A A B 200 Jf 15 55 48 0 T R G R
BHEABR AR JP201A BN f %35 2 W T ¥R
AR AT BR 2 7] 3 TX73 Olympus 2] & 52 . 385 1 T
BbR 7 2%\ Victor Nivo £ 3 B B #r AL 1y T
PerkinElmer 17 A FR/AF] .
1.2 ¥k
12,1 4035 AL BE

PC12 P20 L RMPI-1640 33580855 F 37°C
5% CO,REFRA , SRR KA AR T

i PROS Y 32 - THEE UG , K A M2 v B 22
5x 10" A~/mL, B FLINA 100wl 40 H B8, K 5240 55
I, PR B 0 BE IS, 152 6 R 4T ( Control ) \PFOS 4,
Xof BT 1R RV 70 0 B (B 0. 1% DMSO 11 5¢ 4z b5
Fr4k) ,PROS ZHAEFLINA 100l A [] 3 JE (100,200
300,400 500 mol/L) PFOS 73, #ll 38 24h 5 45 Lk
e A 20l MTT (5mg/mL) , B35 4h )5, F B,
FLBEFEIMA 150wl DMSO, {53 5% % 10min, 7£ 490nm
AN A Y AR, TR A AR T

fifi e PROS #ill3 R Ay SPY M - T HBGE U K4l
BB R B 2 3 x 10 A~/mL, 43 fL 100pL 40 i £,
KEFRAA A%, 1R 20 NG BE J5 , % X B4 ( Control ) |
500 wmol/L PFOS 24,500 wmol/L PFOS + 5ug/mL SPJ
24 500 pmol/L PFOS + 25 g/ mL SPJ 2 1 S 500 wmol/
L PFOS + 50pg/mL SPJ 41, PFOS + SPJ 41 Hfin A A
[k B SPY RR (SPT 249 2y 5.25 50 pg/mL) T3
P47 PCI2 41, 12h J5 W FRIGFR 5L, PFOS 4 imA &
500mol/L PFOS {58 435325, PFOS + SPJ 4143 3l
A% 500w mol/L PFOS 14 ¥k i SPJ (1458 42 55 57 4k
K5 3% 24h SR ANE Jy, kTR E
1.2.2  Hoechst Y046 0 40 i 4 1=

IO 100 4 i 422 0 1 24 LR, 40 7 43 41 K
ga2hJrsCInl 1.2 1, (A PBS % 1 IR, inA 250pL
Hoechst YL 03 ,37°C 553748 55 5% 30min, 7 =04,
FH PBS Pk 2 ~ 3 IR, 7E IR K 350nm | & 5% K
461nm FI%L,
1.2.3  DCFH-DA SSRGS AR S PR KT

OGO 10 4 i 422 0 F 24 LR, 40 1 43 41 K
RZGE 1. 2.1, (I JCIME B IR R 1 W, A
250pL 5 B: 4 19 DCFH-DA, 37°C ¥ 35 46 b 1% 3%
30min, 72 YL, FTC LIS K SR Ve 2 ~ 3 K, 7R3
RUEF 488nm G 525nm L,
1.2.4 Western blot 0 B Wi BAHCE £k

BOOP B A A BT A M 42 T 35mm K5 55 /N L, 241 i
YA 1201 AR A IR BUR EE . K R
PV S, 95°C 48 P Smin, 80V Hi{k 30min, 120V Hi Jk
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80min, PKIFFEIEE Th, B4 Th, —$Hi 4°CHEF LK (PLik
e sE 9 1:1000) , TBST % 3 ¥k, — 4% IR 7 1h($i
AU g 1:5000) , TBST % 3 ¥c, ECL b2 & Otk
%, K Image J 84T K BEAE 38T
1.3 %itsrk

SR SPSS 17. 0 B HEATSe 43 4T , 2 20 1) 26 1]
FLBECR R 5 22001, VAR D7 22 5%, Wi LSD-t
K s J 25 A8 55 W A Dunnett s T3 47 2 5 b L
P <0.058% RS HAAGIHEE L.

2 & R

2.1 REHRE PFOS R ExTtmfaE /16930

MTT %5 3 & 7%, 100, 200, 300 , 400 , 500 wmol/L
PFOS 2 5% 21 40 i 4715 2% 43 51l by 89. 38% (81.75% |
73.21% 60.82% F1 54.75% , SN HRAAA L , 2540 FREH
LA RN (P <0.01) , HRAESCHZE R,
I 500pumol/ L V2 e S 00 i i v 2 o LI 1,

1.5

» o= b
e

£ ek
z e
.. *h
= 05—

00— T
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2.2 SPJ #} PFOS % 5% PC12 it i& 71 49 %%

WE 2 7R, 500 wmol/ L PFOS 2 2 £ 11 4 Jifa 17
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J5 R B, 25 1 SOwe/mL SPY T2 1 40 ML 1715 %y
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E* 1.0 i i
= x
=
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E 0.5

0.0- T
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K2 SPJ st PFOS £ % PCI2 40 7E 7 th %

2.3 RE#%JE PFOS %55t PCI2 Zaje B w48
X B A F L TR

PC12 4l fifs 2 &% T A [F] ¥ J& 1 PFOS (100,200
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PFOS 2 #% ffi 13 PC12 4y LC3 H R ILTH & (P <
0.05), 400 F1 500wmol/L ) PFOS 555 f#i4% PC12 4
fitl p62 & 13K BE BT (P <0.05), gk E
PFOS 10 i & 250, LK 3
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Atg12/B-actin
e 4 = 4
g S 2 »
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[3 PFOS ZFEX PCL2 M gt xEARAT I E W

2.4 SPJ xf PFOS %% PC12 @B —#93%w

g 4 s FEFAER B AR S =S80 E
T, S5 xR AH L, 500 wmol /L PFOS % 8% 41 ifl J5 , K
A S B A 6, 3XIE A PFOS Xt PC12 il (4 351473
e, 5 500umol/L PFOS 414 kb, 50mg/mL SPJ i
ARFR 4 i s 2, Ui B SPY ek /b 41 A R T %X
i, A RER.
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Control PFOS PFOS+SPI / (SpgfmL)  PFOS+SPI / (50pg/mL)

K 4 SPJ st SPF %% PCI2 40t 5 40 f B 8 % v ( x 100)

2.5 SPJ xf PFOS 2 5% 3 PC12 2 e /& H A K
SRR

R MK S Fras, 5 X B4 M H, 500 wmol/L
PFOS 560 FE .23 i, 2 W] PFOS 2334/ PC12
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HH LG ,50ng/mL SPT T-Hi4] ROS 5% 5 fF i 2 B AIK,
SPJ I & FEA% PC12 4 i M KF- (P <0.05)
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Relative intensity of fluorescence
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C57 /NPT, on I 2 B EE . ARBESE
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A Study on the Mechanism of Trifluoperazine

Dihydrochloride in Prostate Cancer
XIE Meng-ting, LIU Fu-xing, NING Zhi-feng, et al
(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology ,Xianning Hubei 437100, China)

ABSTRACT ; Objective To use network pharmacology , molecular docking technology, and cell experiments to deeply explore the mech-
anism of trifluoperazine dihydrochloride on prostate cancer. Methods The targets of trifluoperazine dihydrochloride and prostate cancer-relat-
ed targets were screened out through the database and a visual network and protein-protein interaction network ( PPI) were constructed, fol-
lowed by GO and KEGG enrichment analysis was carried out,and finally, the potential targets were verified by molecular docking software. In
the cell experiment, prostate cancer cells were treated with trifluoperazine dihydrochloride at different concentration gradients. The MTT col-
orimetric method and plate clone formation experiment were used to verify its inhibitory effect on cell proliferation. The scratch experiment
and transwell invasion and migration experiment were employed to demonstrate the intervention effect on the invasion and migration charac-
teristics of cancer cells. Results The results of network pharmacology analysis showed that trifluoperazine dihydrochloride has 70 targets in-
volved in the fight against prostate cancer. KEGG enrichment analysis further revealed that the drug can exert its significant anti-prostate
cancer effect through multiple key signal pathways such as cancer-related pathways and PI3K-AKT pathway. The molecular docking results
showed that trifluoperazine dihydrochloride has an extremely ideal binding activity with the core targets. And its inhibitory effect on the vitali-

ty, proliferation , migration and invasion of prostate cancer cells showed a distinct dose-dependent characteristic. Conclusion Trifluoperazine
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w  J{E/EE, E-mail ; Liufx6505 @126. com,279503735 @ qq. com



WHCRE 7 B R (B0 2025 4E55 39 48 5 ] Journal of Hubei University of Science and Technology (Medical Sciences ) ) 397

dihydrochloride may inhibit prostate cancer cell proliferation through multiple targets,and the inhibitory ability is proportional to the dose.

KEY WORDS : Trifluoperazine dihydrochloride ; Prostate cancer cell ; Proliferation ; Network pharmacology ; Molecular docking
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M0 =& -8B RM-1 A m & 24 5% ( x20)

KO o S

AT 1k W 2% 2 BEAE 5B, KEGG & 4R 3 ffr
B, = Sk AR R AR 3 B T Fi 41 i A G %
M PIBK-AKT {5538 8 . 75 NJSIRAE 9 & AL R R ) e
H, PI3K/AKT {553 % o 4 G AR B R b A, 2
N EE W EUEREZ —, Hp s 1 28 PBK S5
TEMOCIK Ty B . A5 53l B 1Y 2 AR R A i
240 R4 B 5 0 ok AR R R T2 . AKT 4 4 PI3K-AKT
T B 1) G R A E R e A B S RO | 2 T
X i AT IR A . B R, AKT 2 WF 58 19
RLETERG S R A R AR T A K L B i A
T RER & Ty A R B REEMMEM . AR
Z g rf, AKTL 2 AKT f)— IR 432108 H
AKT1 825 IA 2 — i i BE R, 75 K i 2 41
AKTL {223k EARAL T B /K JLRRAE ik 2%
ORI RN R R 50 AKT B
A RAFMEs &6, BT LA, ASWF 58 HE W7 = SRl hr e —
ERFRER VT REJEIE L 2 PI3K-AKT 5530 ok & #5491
i Ie A FH o

PRS0 B S B 45 SR — AR S T =g AR
B X A4 B RM-1 20 i3858 L Sa e A 2R
=28 BA W3 0 /E R, H A2 0T I %) 55 s
P o 5 4 25 B 03 7 0 B A 45 SR AH B EDIE , 3%
B = Jihi e SR REh v] R i 2 0 A | £ 30 I 1 D3 [
PR 4005 17 20 i 0 T ) S AR 44T o ik e F
FERCR R = P R R AR AE F 5 MR TR 7 P i R
FHRAE T T B PRI S 15 N SE B Ak 4l , TR & HAE i
HIRRIER YT U EA AL N A S SR, DR
FAPLIGE AR R ER FCIE N FH T I R 28R, 15 KR A
(ORI SE TAE , 3 F 56 E — 25 B A L33 40 i 4E F BL I
TEAS HAE MR P (0 2 AV RN ROCE S5, A i 27 i oes R

25 LT, ZHPIE AR R — A BT &
ELRHT IR 2540 o ASF 5% 1 S T 2 O il 5] 9 14
iR AR A — B i Aa , (H AL FE B I PRASCR: 1 R IR
AT, LI 8 -3t o7 P I PR S e e o

(F#:4% 405 W)
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SIcAgs: A, Bk, R, F. (5)2-RAE4 4-Z Fokeg b a7 X sk sk a9 &R [T ] 31 A HF IR 3R (B 52 ) ,2025,39

(5) :401 —405.

(S)-2-BEA,4-ZRm ML A RFEREN AR

X Ak &

1%, RAEE 2

I mAE T,

(L WA e B 230 2 52 e, AL T 43710052, # b BBk - Fe 7 2 R )

E B8 &k DPP4 1] 7 b B R (S) 2-R A4, 4-Z g b W R s B 3k, 3% UL N-Boe- X A 4-# 2-L-fif
BT BN R, 2R R KRR BB AR R AR 3 S 5 RO B R B AR S, IR BB RN At xR
SR H. EFR UL TEMPO 4 At 2 k7|, ML DAST H B AH, A AME KM, KRR AHBHN, =R CREHA, 2
H R B Boc R332 P RIA, Bk 3k 60% UL L. S5if %6 RELBREEE, FLERE, KERE, h DPP4 31

HAEKRE & RFRECRT 5F,

KER: (S)2-R A4, 4-Z Aotk wg bext 7 R 2k 5 & 4 DPP4 37 8 7

FE 45 %KS R4 X ERERIRED - A
T E RS .2095-4646 (2025 ) 05-0401-005

DOI:10. 16751/j. enki. 2095-4646. 2025031902

FRA 2 ( BRARSS ) #RIRAZ (0SID) :

Synthesis of (S ) -2-Cyano-4 ,4-Difluoro-Pyrrolidine p-Toluenesulfonate
LIU Chun-yan, LI Qian,GUO Li-yuan,et al
(School of Pharmacy , Xianning Medical College ,Hubei University of Science and Technology ,Xianning Hubei 437100, China)

ABSTRACT : Objective To synthesize the DPP-4 inhibitor intermediate (.S) -4 ,4-difluoropyrrolidine-2-carbonitrile p-toluenesulfonate.
Methods The target compound was synthesized starting from N-Boc-trans-4-Hydroxy-l-proline methyl ester. The synthesis involved six steps:

oxidation , fluorination, hydrolysis, amidation , dehydration, and deprotection to form a salt. Additionally, the effects of reaction conditions on

the outcomes were investigated. Results The intermediate was obtained using TEMPO as an oxidation catalyst and DAST as a fluorinating a-

gent, followed by lithium hydroxide hydrolysis,ammonium bicarbonate amidation, trifluoroacetic anhydride dehydration,and p-toluenesulfonic

acid de-Boc protection,with an overall yield of over 60% . Conclusion This synthetic route is easy to operate, with simple post-processing

and high yields,and provides a reference for synthetic research related to DPP4 inhibitors.
KEY WORDS: (S) 4 ,4-difluoropyrrolidine-2-carbonitrile p-toluenesulfonate ; Synthesis ; DPP-4 inhibitor

iR ( DMD) Jee—7Fh DA I B A RRAE B AR
Wi. MRZE 2022 4F, 48k = 18 & AR IR 5 S
O % 8.28 {21 BRI T K 2Bt 2 IR
¥ B 2 BB R (type 2 diabetes mellitus, T2DM ) 2&—
Pt AR M 0 , T2 BRI N = I W | B 5 2R BT
TS A0 WA L, DPP4 g il 77 S 3697 2 Y
S 1B R R B 2590, 5 1% G i W PRI R 7 25
Jig 5 25 TN R S 25 P AR B, EL A /I A E A
AARAS o 38 il PR A 20 A ) 2 e 0K 3 ol R 255
MR TS5 L 07 L3 T ELAE W PR I S Pl 3R
PR B BRSO ) R S s B A e T
P BET TR L T 24 BT DPP4 [ i
R (L5 IE 1)

2N
Iy IQ 2o A Q/IKN’\ '
~{ CN L N-
o HNTC Np‘o
NH

O CN
Saxagliptiu(‘ﬂ‘ 3T
ICso=0.6nmol/L

Gosogliptin( K% 517T)
IC5y=13nmol/L

Vildagliptin(4E4§5177)
ICs5o=3.5nmol/L

F F
W A-F H (0]
N N 0 N\/(\ ! F
\ Y Js
CN N 0 CN X NC
O-r /
N

Denagliptin(}h % 17T
IC5y=22nmol/L

[ 1 %4 B _Ley DPP4 9 7| R4 A4
4,4-ZR2-B AN RE BTN AN

POP inhibitor FAP inhibitor

w FEGIE  WHCRHE A bR G F BRI H (2018-19X040) 5 WIALBH 24 BE 2524 B 2018 4 247 5 i 2 B BRI H (2019-202Y16)
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X 48 DPP-4 57 2 5 A 2-FUIkL ke 3,37
TR e 2T 4= TR ML IS Joe 45 ML e 2854 B0 .
T8 R, LA SR B I 2 ) LA TR R
BEMT, T LLS DPP4 | ST H4R45 5, Wi Rtk &4
(1) DPP4 $Mf 5P R, 2-9 54, 4- g i g it
A U2 B R0 B 2T 24k 40 J 3% 1 26 11 (FAP) 41 )
B AL B TT ., AR SR A ML e 4 4 v ]
A A ISCH 25 AR SR N-
Boc- e A 4-F8 - L-fiff 2 1 P I A O B 1 JRURE, 2 4R
b AL KA U SRR R AP 7S 2 OB, U
FRAARF (S) 254 4- TG e Xt YR R
N e SERTTEIT R AURE PR 25 ) DPP-4 $1 4] 751 41 {1t
2%,

1 #MRETE

11 EZME 5K

% : Bruker AV-400 G ILARAL, X4 B BoR
AR RN E A (ST TR AR A PR A W] ), LOMS-
8040 [ HHIRR B (354X

1GR] : N-Boc- e s04-5 - L-fif 2 B2 1 5 . 2,2, 6,
6-PU LR BE A fL 4 (TEMPO ) | = 58 53 iUR 2 ( TC-
CA) \ L3k = 5 AL Bl (DAST) | AL R
B M E L R IR BT B [ (Boc),0 ] X TR i R
(TsOH) \ =JR L BRI (TFAA) |\ JC/K Bl R 44 1 77 1
ey S T DU SR A R A BR2Y R 23 45 ook o
FIBIALBE -1, 4- AR DU S kg e T S A A B T
Ji 22 /0 240 J5 FEANGAFN 2 B R [R13AE 5 8 S T4
A W I A R R TR 2R Y 4 A [
s S B I A [0
1.2 &m%&L7*

A N-Boc-J5z 34 He-L-fiff 0 R IR O G2 #h
RN AN T AV S TN N 1R S AR A
(8)-2-7 A4, 4- UL IS e ) FH AR B BRER , 43 I 4K
DL 2,

[0} 0 F 0 F 0
Ho,..o)%/ a Oﬁ)LO/ b FJOJ\/ . F—WLUH
NBoo NBoc "NBoc NBoc
1 2 3 4
¥ 0 F F
d F‘Mﬂ, ° F—\O‘ N ¢ F—‘O‘CN
_— ‘NBoc - NBoc > NH-TsOH
5 6 7

(a) TEMPO, TCCA, DCM, 0 °C, 40 min; (b) DAST, CH,Cl,, -78 °C.t, 14 b; (c) THF, LiOH, H;0, 1t 85 k;

(d) pyridine, (Boc),0, NH,HCO,, 1,4-dioxanc, 9.5h; (¢) pyridine, TFAA, THF, 0 °C,4 b; (f) TsOEL CH,CN,
rt, 24h

H2 (S)2-AE44-Z RS T RBARLERE L

1.2.1  N-Boc4-%fX-L-fifi =M H Fe O 7 1

SRR, 1) 100mL = 8 P 565 A N-Boc-
X 4-FRHE-L- il 282 1 (3. 81g,15. SmmolL) TGk
AW B (25mL, EALES TS ) =S R RURR
(3.79g,16.3mmoL) , VKK T HLASEFE 10min J5 2%
T3 TEMPO(2,2,6,6-P0 H BL IR g & Ak 97, 0. 07¢,
0. SmmoL, % T SmL Jo/K — & W bt ) , 5 4% 2L K0
30min, S VA4 A A REBE B A IR TR =F
UEBR AR F A, P SOmL S B sk i+
B R 2 B IR S B VR A IR VS L ST A
VSRR , A D)2 T TS /K B B2 A 1 8, Wik 4 75 T (4 3k
Ry (3. 56g) , LK 94. 5%, Joifs4lifk, '"H NMR
(400MHz,CDCl,) & 4.74(dd,J =38.5,10. 1Hz,1H) ,
3.86(d,J =7.0Hz,2H) ,3.74(s,3H),2.91(dd,J =
16.6,14.8Hz,1H) ,2.56(d,J =18.9Hz,1H) ,1.45(s,
9H), LC-MS:244[M+H] ",
1.2.2 N-Boc4,4- —Ji-L-Jiffi 22 H BRI & 1

AR R, 10 250mL = B A kA @
(10.30g,42. 4mmoL.) , FF A TG /K — G H %5£ (75mL) |
- 78°C ZZ 1% % i DAST ( —. 2 Jfie 3 = Ak 6, 13mL,
81.3mol,25mL JE/K S W ek Fr) , £ 30min % 58
3h GRS T B A, RSN 14h B SN 2% 1% Tk
A O°C [ M FRR R S AN W, sl , 22 J0 <A
. e K2 AR i 2 AR, & IEA L
JZ 5 R A AL A R e v, K2 T AR e 2 Ik
I, A I VUZ FTCKBRER AN T8, i i vl 4 , kL™
WAk AP A A PR V (k) / V(SR E
fig) =10/1 1, 45 JC e itk 47 (9. 20g) , Y % 82. 6% .
"H NMR (400MHz,CDCl, )8 4.634.37(m,1H) ,3.95-
3.77(m,2H) ,3.76(s,3H) ,2.77-2.62(m,1H) ,2.51-
2.40(m,1H),1.44(d,J =18.8 Hz,9H), LC-MS:266
[M+H] ",
1.2.3  N-Boc4,4-— 5 -L-JHE RN E K

] 100mL — [T H m AL &9 @ (2. 97g,
11. 2mmoL.) | PUEEIR (25mL) , KK & BT i & A Ak
#1(0.55g,22. 6mmol., 15mL /K& ) , HLIEIR £
8.5h, e SOV I , TR P INAIK (10mL) il , — 54
H e (10mL) PEIABR LA P4, K JZ 4 SN $2R2 (5mL)
FRAL )G T R LR AR, TR £ T8 )2 FH TG /K Bt BR M
TREFRIR VR 4, 1% AR, BT 40°C T B T
(2.80g) , Y% 100% . m. p. :123°C ~124°C ;'H NMR
(400MHz,CDCl,)$ 8.48(s,1H) ,4.714.38(m,1H),
3.97-3.67(m,2H) ,2.842.45(m,2H) ,1.45(d,J =
18.9Hz,9H) , LC-MS:252[M +H] ",
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1.2.4  (8)-N-Boc-2- 54 4- —FRIIELe D&

SARPTR, 1) 250mL (P R H AR YO
A E Y B (7. 19¢, 28. 6mmol.) | 1, 4-— 4 /N
(65mL) ., Wt BE (3. 5mL, 43. 5mmoL ). ( Boc ),0
(10. 0mL,43. 6mmoL.) BKFERE §% (3. 54g,44. 3mmoL.) ,
I AR 9. Sh WSS, BIAY A — &
F e (20mL ) i i, 22 IN SRR (10mL) |1 F & Ak #h
(SmL) yki%, Z U AP B2 BOK 2, & IF &
BeJ2 , oK B BR A T AR, 3k 0B Uk 4 AR TR o 0 [ A
(6.93g) , EH T 40C FHEA T4, L% 96.8% , m.p. :
73°C ~ 74°C; '"H NMR (400MHz, CDCl, ) § 6. 79 (s,
1H),6.27(d,J =60. 1Hz,1H) ,4. 47 (s,1H) ,3. 94-
3.59(m,2H),2.67(d,J=90.4Hz,2H) ,1.44(s,9H) ,,
LC-MS:251[M+H] ",
1.2.5 (S)-N-Boc2-E 34 4- — F L OMIE

AT, ) 100mL = HUHON AL A48 @
(4.06g,16.2mmol.) | JG7K PU S Mg (50mL, &35 4= @
BATHR) | UKOKTE T S8 L iE (5. 8mL, 71. 8mmol.,
i S A T = S BREF (2. Sml, 17. 8mmolL) |
T IN5E J5 4k 22 vKOK T N OB 4h J5 458 ko SO TRk
45, R AW bt (80mL) Vi fif, 5 28 IN iR
TRIERAL TN BR R M TA R AN S AL SRV Wk T, ook
TR AN T4, i DR 4 , i 1 C ¢ (S0mL) $iR$% A i
R, TR E DR, BT 40°C N HAS T4 (3. 06g) ,
e # 81. 3%, m. p.: 114C ~ 116°C; 'H NMR
(400MHz,CDCl;) 8 4.72(d,J=35.3Hz,1H) ,3.79(t,
J=10.7Hz,2H) ,2.72(dt,J =13.1,6.6Hz,2H) ,1. 51
(s,9H), LC-MS:233[M+H] ",
1.2.6  (S)-2-7 54, 4-— FNH s o % F R R 45 ©
5

TSR RO T 1) 100mL = SUNAAL A
Y (1. 35g, 19. 4mmol.) ., X B 2 it iz (3. 35g,
2. 44mmol.) | Zfif§ (15mL) o il 58 J& S LV 2 1k S i
24h, RS HAR BAEHAR , InTeok . £ g (30mL,
TOKGRIREN T4 4h DL E) R $5 A7 R 5 25, ik,
IEVHHTCK CIR T (10 mL) PE, & 40°C T 1A
T ES5E (1. 76g) 05 99. 5% o m. p. :127°C ~
128°C ;'H NMR (400MHz, D20)8 7. 69 (d,J =8. 3Hz,
2H),7.36(d,J =7.9Hz,2H),5. 18-5. 00 (m, 1H) ,
3.97-3.78(m,2H) ,3.15-2.94(m,2H) ,2.39(s,3H) ,
LC-MS:133[M+H] ",

2 7 R

2.1 N-Boc4-84X-1-15 2.8 7 B Dud A %,
42T RN TEMPO FH 212 B i), % B0

¥ TEMPO # IR SN A AR KA 20 , TEMPO H
HEN0.03eq. =324 WY AR o SCHRARE " V-Boc-
A-FeHE-L-Ji 2 1 R R 1 AR B R T AE TEMPO
(0. 02eq. ) fiEA T 1 = 3 5 FUR IR 2 il A AL, R AL
A 74% o AWEERY], RV ZEFH 0. 03eq. TEMPO 1
25°CF v 30min, AJ{d PRk 3] 94.5% WK 1,

1 RE5 P N-Boc4-E K -L-T &R F B = R %

43 TEMPO B 2/eq. REEE/C S A/ mins /%
1 0.01 0 30 4.2
2 0.02 0 30 80.3
3 0.02 2 30 82.5
4 (.03 Pal 30 94.5
5 0.03 2 40 89.6

2.2 N-Boc4 ,4-—#-L-F 252 ¥ B Qg A%,

DAST J&—Fp 5 F 0 AL 0], 3 5700 o A7 72 06 1K
SN 5 T8k, Jansen %45 78 % R R N g AL
U CRAUA 60% , HLBHK s 2% Wang %7 15 8
D7 ¥ NP ) e I ek BE N A LR T OBEST, &
W 2 From o JSEIA — G0 e IR oK — 4 4
W FE N DAST B2 B BUE 55 3N 00, O IR 2
HH S BTG, BRI 0k, 0 RSP B 4 v 1 79 — S HR o ) T
FREE . BLAMA RN e oy FER 2 - 78°C UL T &
183 i DAST (2 3s/i%) , AT $R T} = R % 82.6% . X
N7 58 B S TR 2% 12 3 A O°C. A R0 ik IR & 40 1 TR
Hh S I R 2 TC AR A b, A N R
PR SR RS R =Py A AR T IE A3, 52
PSR, A BRI T 0K A % AL 55 i
YRR AN T AT i

%2 RM4AMFELE N-Bocd,4-— & -L-Jii
BB E B TENY

ik RIEH AR/ FREFR fE/%
I CHyL(NayS0, F) 0 BAKAE 4“2
) CH,CL,(Call, ) % BAKAE 610
3 CH,CL(Call, 78) 0 gEEmKAE 705
4 CH,L (G, FB) -7 BEERAKAT 86

2.3 N-Boc4 ,4-=F.-L-Jk .53 A %

FH iR A8 7K i SR FH A 2 S A AL B P 20 T P K fie
F, RN 86.0% , AT HRFICR, ALK HZLLT
BRI AR Z X ICR 52, W6 3, 25k, DIA R
AR A, ZE KR IY & Wk i Y S VR A 22 TR SO, 7K fif
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PR AT I 99. 5% , A] DK FIDY S ik R A 1A R B
AR AR VE, SR 2 Y E BRI N T N-Boc4 ,4-
TR-LH R T RRTEAR R P RO R . AREE A
FIE AN, SR PR AR S A, B A [
BLo KA IeTT HE— B AR A F T R — 2 RO

%3 KR &M N-Bocd-ZH-L-HERT R ¥

a3l FREA ] /%
I MeOH KoH 8.0
2 Vot Ve =11 KOH 8.7
3 Vot Ve =11 NaOH 9.3
4 Vot Vo= 11 LiOH %.5

2.4 (S)-N-Boc2-% Behi 34 ,4-— G ok iz
OLIEES:3

O A S 17 SRR AR 1 A e 1 A R AR
JA YR, DCC( 3R 8 LR — W % ) Fl HONSu ( N-$3 5t
TEOR) M AR HBEREZERTFHHER, A
A A e RO R, B, 5T 505
= LR 2K TR IR A5k, WK 4. B e R ATk
TR AL LUK A R, e A ED-
CL/HOBT[ 1-2,3£-3 (3-H LN i) B — e/ 1-F2 9k
I [ g B AR R R T — & 4R & HOAR
G FREARBA HEEA S T AE . 1R IR & BRI
PABRIR A B 208, B (Boc) , O HEAT Mt e A B i AT
DI 187 i s DL 96. 8% /= i %13 3 (S ) -N-Boc-2-H
Pkt 4, 4- — F-MHE I B, S5 Ji 3 & N-Boc4,4-—
LI 2R 56 5 (Boc ), O W B IR & BRI, kR
BEAE SN TR G fidf LR VRN IR S 5 RO
LR A BRI 5 2 & A SRR SN, T2 B I

%4 RERAF(S)-N-Boc2-F B 4 4-= 5

B b A B
8 i 4 e
| NH,/CH,0H DOC/HONSy 7.0
) NH/H,0 DOC/HONSy 65.3
3 NH/H,0 EDCI/HOBT 8.3
4 NH,HCO, (Boc) 0 9%.8

2.5 (S)2-F A4 4-= Foubvi st PR AE B
EAGEESA

e 5 5 T 45 SR AR T AR o, PR G, — B DA 45
PR AR ZNR K, ZHOR
ERFERIREL 7 TR, A 5 TR FAERAE , AR
MARZR AT H o A SO R H R 1 il 2k AR A5 1R 41

925, 5% Wang %17 97 v % AL B AR G
% Boc (R4, I VL 52 I R A 15 TGk B 2,72 2.
T A T, 1L 99. 59 7 15 ] ( S ) 2~/ I
4,4 MR REAT AR . B ARTE 2SS0 h R 5 %
W1, T ARAE

KO o S

ARSCLA N-Boc-4- 52 5-L-ifi R 15 O B 46 Tk
ZAAE A KSR R BEK B DRI ER N A R
DIG T DPP-4 il 5] [l (S ) 27564, 4- 98
ML xR IR ER . 2525 R il H NMR 13
PABRIN o S LB 25 - LA TEMPO S fifksi), el
AR (n)  TEMPO (n) =1:0. 03eq. , fEZ I I S
30min FFEIWCRNy 94. 5% K EAL =Yy ; - 78C H %k 1E
T NFR AT DAST, Ji5 A BER AR S i 2 1 i A 0°C
TRRIBRIR B P 1R 07 35 O AL ™= 105 LA
PO BRI AT , B IR R BRI AL, = S LRI K, X H
BRI Boe PRAP AT B AR B R o SO Fh
WEPIBATIIE, PO P A AR #WUM, 7= R 4
ORGSR AL AE B . AR 5236 (9 45 S 7 14 5 T #
VB, e A BT R WO R, S DPP-4 i 58] PR AH S B 5
Rt r 2%,

S
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X E S 20954646 (2025 ) 05-0406-006 FRR 2 ( RIRAR S ) #RIRAG (0SID) :

DOI:10. 16751/j. enki. 2095-4646. 2025031205

Preparation of Naringin Microporous Osmotic Pump Tablets
CHEN Yuan-yuan,ZHANG Han-lei, YAO Hui,et al
(School of Pharmacy ,Xianning Medicine College , Hubei University of Science and Technology ,
Xianning Hubei 437100, China)

ABSTRACT : Objective To prepare microhole osmotic pump tablets containing naringin and conduct a systematic optimization of the
formulation of these tablets. Methods The tablet core was prepared by the dry granulation and tableting method. The Box-Behnken response
surface test was performed on the coating solution by three factors: polyethylene glycol 400 ( PEG400) , dibutyl phthalate( DBP) and coating
weight gain. The optimal prescription was obtained by combining the results of single factor and Box-Behnken response surface test. Results
The optimal formulations of the tablet core were naringin 20mg, lactose 42.9% ,sodium chloride 14.3% ,hypromellose 4. 6% , polyvinylpyr-
rolidone 4% ,sodium lauryl sulfate 11.4% ,and soluble starch 11.4% . The formulations of the coating solution were 3% cellulose acetate,
55% polyethylene glycol 400,and 30% dibutyl phthalate,with a coating weight gain of 3% . The results showed that the cumulative release
rates of three batches of naringin microporous osmotic pump tablets were all close to 80% at 24h. The experimental results were basically
consistent with the model prediction values,with relative errors all less than 5% . This indicates that the microporous osmotic pump tablets
prepared according to the determined formulation had stable quality and good reproducibility. The in vitro drug release behavior showed that
the naringin microporous osmotic pump tablets released the drug slowly within 24h. Conclusion Naringin microporous permeable tablets pre-
pared with optimal prescription have controlled release properties,and can be used as a reference for the research on the new formulation of
naringin.

KEY WORDS : Naringin ; Microhole osmotic pump tablets ; Single-Factor experiment ; Box-Behnken Response surface methodology ; For-

mulation optimization
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B b [ B 2 )

BE:BN TN 2L RFAELAAETERESRE TN ENER AL LK, Fik HEHFI
MR T A EE R XWT,T6 Pl EERH N EHE A0 Ol fa g 5 36 0, B A MR L LR 2R G F RS L
#, mmiﬁmxﬁfﬁ?fﬁ’é% BB % (UPLC-MS/MS) Jr sk il i P e e £ B 2 3 4-Z REF BN LA RE, &
FHERAGHFRGETERGIFARS BN AN EYE, &R SERAIT, ZRHME S0 A L% S B
C,.. 4 (4545.413 £1992.017) #1(4708.300 =2341. 716 ) ng/mL, AUC,, % (6531.0 + 1296.0) #1(6571. 6 + 1426.9 ) h + ng/mL,
AUC,., % (6581.6 £1295.2) fn (6616. 1  1425.8) h - ng/mL; 4 /& $k & T, Z ik #l 7 5 % Wl Hl £ 3 % By C ¥
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10. 160) 1 (44.722 +9.959) ng/mL, AUC,, % (155.3 +32.3) 1(158.6 £30.8) h - ng/mL, AUC,., % (161.9 +34.3) #n
(165.0 £32.5)h » ng/mL, Z3i ¥ 5% &/ Z F JUHE 19 90% & 15 X |7 34 % 7 80% ~125% | 2 e Bl W, &it
ARAFRAESEREELAETERAENE RS, REPRXAETERRR N, 2RI,

KB AR SO 23 4-ZBEFTHEM AN ERNE; G F
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Bioequivalence Study of Levodopa and Benserazide Hydrochloride
Tablets in Healthy Chinese Subjects

YIN Xian-miao,SONG Huan,GAN Fang-liang, et al
(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology ,Xianning Hubei 437100, China )

ABSTRACT : Objective To evaluate the bioequivalence and safety of the test and the reference formulation of Levodopa and Benseraz-
ide Hydrochloride tablets in healthy Chinese subjects. Methods According to a two-sequence, four-period, completely replicated crossover
design,76 healthy volunteers were divided into 40 fasting cases and 36 postprandial subjects. In each cycle,they were respectively adminis-
tered the test formulation or the reference formulation of Madopar tablets. The plasma concentrations of levodopa and 2,3 ,4-trihydroxybenzyl-
hydrazine were determined by ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) ,and the pharmacokinetic
parameters were calculated using pharmacokinetic software to evaluate the bioequivalence. Results Under fasting conditions, the C __of levo-
dopa of the test formulation and the reference formulation were (4545.413 £1992.017) and (4708.300 £2341.716) ng/mL,respectively;
the AUC,, were (6531.0 +1296.0) and (6571.6 +1426.9) h - ng/mL, respectively; and the AUC,, were (6581.6 +1295.2) and
(6616.1 £1425.8)h + ng/mL, respectively. Under postprandial conditions,the C,
mulation were (3090.471 +1565. 144 ) and (2860. 762 + 1300. 407 ) ng/mL,respectively ; the AUC,, were (5565.3 +1226.5) and (5530.
8 £1140.3)h - ng/mL, respectively; and the AUC,, were (5621.3 +£1225.8) and (5585.8 +1140.7)h - ng/mL, respectively. Under

fasting conditions,the C

of levodopa of the test formulation and the reference for-

of 2,3, 4-trihydroxybenzylhydrazine of the test formulation and the reference formulation were (54.341 +

max

14.709) and (56.965 +17.084 ) ng/mlL,respectively ;the AUC,, were (156.9 £40.2) and (161.4 +42.0)h - ng/mL, respectively ; and
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the AUC,_,, were (163.7 £42.3) and (168.1 +44.2)h - ng/mL, respectively. Under postprandial conditions,the C,, of 2,3 ,4-trihydroxy-
benzylhydrazine of the test formulation and the reference formulation were (45.748 +10.160) and (44.722 +9.959)ng/mL, respectively;
the AUC,, were (155.3 £32.3) and (158.6 +30.8)h + ng/mL,respectively;and the AUC, , were (161.9 £34.3) and (165.0 £32.5)

h + ng/mL, respectively. The 90% confidence intervals of the least squares geometric mean ratios of the pharmacokinetic parameters fell

within the 80% ~ 125% range. Conclusion The two formulations were bioequivalent under both fasting and postprandial conditions. No seri-

ous adverse reactions occurred during the trial ,and the safety was good.

KEY WORDS:; Levodopa;2,3 ,4-trihydroxybenzylhydrazine ; Bioequivalence ; Ph-armacokinetics
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BIzAg: B £ %, 5k Ak, B A, 5. PVA/PSBMA/ AgNPs 4 & F A s It = St e 28 4 & A L L an g ik ae AL [ U] 99
AP F IR FR(EFHR) ,2025,39(5) 416 -421.
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Radiation Preparation of PVA/PSBMA/AgNPs Amphoteric Hydrogel

Wound Dressings and its Antibacterial and Antifouling Properties
ZHOU Shi-zhong,ZHANG Yang-lin, LI Yue-sheng,et al
(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology ,Xianning Hubei 437100, China)

ABSTRACT ; Objective Using electron beam irradiation to prepare multifunctional medical zwitterionic hydrogels with antibacterial and
anti-biofouling properties along with biocompatibility , aiming to meet the application demands of biomedical materials in wound dressings and
other fields. Methods A two-step irradiation technique was used to pre-polymerize methacryloyloxyethyl sulfobetaine (SBMA) into poly(sul-
fobetaine methacrylate) (PSBMA). Using poly( vinyl alcohol) (PVA) and PSBMA as matrices, silver nanoparticles ( AgNPs) were intro-
duced to prepare the PVA/PSBMA/AgNPs hydrogel through a combination of freeze-thaw cycles and electron beam radiation crosslinking.
The component structure , elemental distribution, and interaction mechanisms were characterized through FTIR and XPS analyses so as to fur-
ther evaluate the properties including gel fraction, swelling ratio, hydrophilicity ,in vitro antibacterial activity, anti-biofouling efficacy, and bio-
compatibility. Results At a radiation dose of 20 kGy, the PVA/PSBMA hydrogel achieved a gel fraction of 84. 04 % ,indicating optimal
crosslinking efficiency. When loaded with 3 mL of AgNPs solution, the hydrogel exhibited optimal antibacterial performance along with favor-
able swelling capacity and hydrophilicity. Additionally ,the protein adsorption was as low as 4. 38 wg/cm’ ;the MTT assay showed cell viabili-
ty above 90 % ,and live/dead cell staining revealed no significant cytotoxicity. Conclusion The zwitterionic PVA/PSBMA/AgNPs composite
hydrogel prepared through the two-step radiation technique has good antibacterial efficacy, robust anti-biofouling properties, and excellent
biocompatibility,and is expected to become a novel high-performance wound dressing.

KEY WORDS ; Hydrogel ; Radiation preparation ; Polyvinyl alcohol ; Poly methacryloyloxyethyl sulfobetaine ;Silver nanoparticles
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5 VAL A1 Bl 25 5 B AR B R, HOROAR B 9
15 5 Z AN S5 Y I R T (R G
= FTBORE R PIT R 075 TR BEAS JE A WA 28 1 22
WO PR R A R AR, KL
IR o 5 A 0 a2 U B UL A L b Jo e
SEMURRILHAC OIS (B BT A TERE 5 AR %
S VEVRYE 7 AP I % A T L RE AL T R
PR 1 K BE e B RE S DN 0 TBE & A i L i S i
( methacryloyloxyethyl sulfobetaine, SBMA ) , H. /3 1 N
TE A HL AR S AE R AS R e M, 702 BIUARF T R A R
FEH L TPV A L K SR DR GEUE 1Y K A
JZ, A DUAT BB AR R S M A o W B R 40 TR 2
M) YK AR T- ( silver nanoparticles, AgNPs ) HLA
TR | e R T S DI A TR A A8 A R R
RIFEEAEN . 0 5] AGUOREUR Ty D RE AL 1B
Wi, TR — 20 B v b ORE 0T R RE L i A 1B
7 FHmE (polyvinyl alcohol , PVA) £E 4y 7 ¥ 4H
PR 23T ORE, T S A S I A T A o 2% 2
'™ o AR T b S B AT AR 1 B B 75 U S
HHASHE R EPERE " | i T AR S AR AR )
SN S BEAE B 1] 455 S BRBE ARA SR A e, L h
il # B2 FAGKBEIG Y BRAR 1

ARSI L WA AR ST, DA TR R Y AR
PRI £ B RE RIS, TE 0 SR PR B P 5 Tt £ i i
Bl 32 B8 ( poly methacryloyloxyethyl sulfobetaine, PSB-
MA) , PVA _PSBMA FI AgNPs = FHZ5 4, 1t 1
PRVR R POUAL BRS AT O S A2k i At — bR B
i) PVA/PSBMA/ AgNPs [ & G 7K BE o

L wRS

L1 A kR
1.1.1 &5

PVA ([E 25300 A BRA F]) s SBMA (i A= 4
FHIATBRZAF]) s AgNPs(10nm, 1000ppm ) |+ — ke 5L
1i24H ( sodium dodecyl sulfonate, SDS, | & Bz T 4= {k
BH B A A R AT 3 PBS Z2 i ( phosphate buffer sa-
line, #3581, 1X, 4= T A9 TR By A IRA W) 5 240
1M [ (bovine serum albumin, BSA) (3-(4,5-—H
BLmEme-2) 2, 5- R PO E IR ER [ 3-(4, 5-dimethyl-
thiazol-2-yl) -2, 5-diphenyltetrazolium bromide , MTT ] Zi
LS B % 200 i P A 0 4 ) L B A R - £ T AR
FH 5/ AL £k, T BE ( calcein acetoxymethyl ester/propidium
iodide , AM/PT) 4 Jifd 7% P 5 4t i B 14 Ao i) i 50 & (1
HEZREWBARA R F]) ; Pl NCTC clone 929
(1.929) i fifg .\ 1.929 1 7 5 \PBS 22 vh ¥k ( 2000 v

FEMPHEA IR AR s KB TR LR E A .
1.1.2 fy3e

eI CIE R ARG ) B 2% ( DF-101S, I T4
IERABR T AEA ) 5 ¥ FR T ML (SCIENTZ-10N, 7*
BT Z R B A BRA D) 5 i Bk AR H 21 A0k
TEA (AR FTIR-650, K EERHE & M A IR A A
B A A (AL AR ARG A B A F]) 5 X G2k
JEH TFRENE (X (K-Alpha, 3 EFEER CHE/RBHE AR 5
T B VESL ( CHOOBM, J5 M BV B F A B A D)
o He K TR % ( DZF-6030, [ ifg—fE B F AR A IR AT 5
T TAE G (SW-CI-IG, SR H E 28 A | ) s — A0k
HMEEFRAE (Forma 310, 36 FEFEBR CH/RBHE AR ) 5 2¢
JEEE A (IX51, H AR BARE ) ; & X 4kl
(UPT-11—10T, U1 fJi. 3% 8 2 Bk F A BRA 71 5 Bl 43
BHX(318C + , RN AR A BRAF]) 51 MeV HZLH
TGRS (HUE 1000k V, 3£ wasik AH]) o
1.2 F¥k
1.2.1 PVA/PSBMA 7K¥ERE 1] 4

SR F PR A0 B S T 3R 52 B ol 4%, AR 10g SBMA
TRt mA 10g K8 1K, 75 /W B T g
PPk 258 SR, 7R IR T DL 7 o 4R 4 B R
20kGy, 7| 5 %8 SkGy/pass, JE Ji PSBMA 5 5 {4 Fif 4K 4
VT

FREL 10g PVA FHEpR i, inA 70g 258 7K, 78
90°C i J145Fk 3h, £F PVA S8 &7 )5 i A 20g 5
FE Y PSBMA TR A HT SRR VAT, 4 2 58 W
PRBN T B I, T BRI

KBS A S W RTIR ARV BTl A2 B AR 90mm
(RRE SR LA P RR FE 2 2. 0mm ) |, 2855 1 3R 5 il
FEE R T DA S I 2 A S e B, TR A R iy
5 ~30kGy, it % SkGy/pass, Hi i R G 515 24 [F]
TSR B 1 PVA/PSBMA 7K B AR o 8 1 55 17 1)
BEIEF 25 B oK iR i 48h, I F K i 25 B K e K
DA EBRA S N 4 57 o
1.2.2 PVA/PSBMA/AgNPs & & /K EEIE 1 4%

FREL 10g PVA FHEpR A 70g 258 7K, 78
90°C LI+ 3h, 7F PVA 58 &V R f5 n A 20g il
FEIR A PSBMA TURRRTIRAR A, Bt F 2 5 SV
SYBIEC L3 SmL AgNPs %, #8745 40 B8 1h J5 A
PVA WP BEFEE MR A, BB KIRA
VWY B TE HAR  90mm S SR (JEE Y
2.0mm) , A JEFRURAL , 76 S LT #2532 H - RO 5
SR 5 A 20KGy , 77 4 48 SkGy/pass S2HK ., H il 75 4
(A8 ISR 7 25 B K rp 48h, I B K L B Tk Uk
YN Sl SO EE s
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1.2.3 PVA _PVA/PSBMA J PVA/PSBMA/AgNPs 7K
TR I TR S 0 BRI 8 K23 0 B

BRI I 5 < PRI S 8 50 1) 8 F) BRE SR A i ()
I W), I UR TR PLER K = E T, iId & TS
Jii o BT R E R BERCAE S TE PBS HhiR I 48h, 1]
RARTHIL T EEE, D& E (Ws) o BEIR
M Gel) Sy Ws 5 W M5 T HERH & 1 L3R

Gel(% ) =W /W, x100%

VKR A - PRI S B 5 ol o RO BB MR o, v
VR AL R K 285, 30 s T 495 ot i (990 46 Jot i
Wo) o BfJGHEILT PBS v, 4l — B [a] s &8 e
M IR AR L3R 2R K5, B ROPFriE 218
FEH IO MR W AR A IR

SR(% ) =(W-W,)/W, x100%
1.2.4  £L4M3H7 (FTIR)

R B 55 U B BRI , FHBIFER 58 70 WF I 22 2 8
HH/INEIR A o AR BE A A IR AL B0 5 B — 7 1Y LL B
IREE) WHE R0k, 85 OB W AR . TEff ST
LTAMGESCR I 7 4000em™ ~400cm™ 315 [ I 4 14 1%
Wl , HUEAFHE NS , 3 BTk BEIRS B RET 221k
1.2.5 X BHEOLHL TRERG (XPS)

%M 2€ [E Thermo Scientific A [R 2\ &] i) K-Alpha
X-S 206 T RERE 1, X 7K 8 M i) R T v, 125 5 2R
O BEATRE IR I E | 0 A il R T A AR T R PP
1.2.6  $efl i sE

B IKBEIRE FE Ve R TR I, AR /K BEIBCRE i 2 THT Y
HhC 7 TR I — s AR I A, 5 BB Y R 4
X BB R T R 7K T R T PG R AR, ) FH 7K 22 sl A 100 3
IO AR SE AR AT RIS .

1.2.7 HEHEWHER

SRS A K BRI PBS TV 3 i , fF HR
T 37°CHY PBS REE T Th 5, KK BERE BTy B A
8mm [{/NE R, AR 48 LA, AE2HE A 3 k. B
500wl BSA ¥ 53 mil i A B &~ fL B, 37°CHEF 2h
Ja B BRI U, OF T PBS 353 3 K. AAJE A
500l 2% SDS 5,37 CHEIRMEE 2h, 4 Fir W Fff 1 2
FIMBERNE b g ok . 85 BCA 8 . JoAs: il 12051
AU A bR e R AT I g M g A ST
T R K BRI BT ) 25 1 BB AE Qo

Q(pg/em®) =(CxV)/S

Hop: C FniE b S A AR IE (ng/pl) sV £
ARV RATR (L) 5S FR KB A R E B (em”) .
1.2.8 (RSN R

T P UK BE A R PR RE . BB ALIS 1Y)
RIGAF R SR AT E R RS- BER T o R 2 4 ) 7K B

JKEF PBS 536 3 WG #55 E AR 8mm /B R AR
FRILA F AN R R AT K EE R I AT BE T o
1.2.9  4iifgag i

FH MTT JEAG 0 A M35 7, 4 1929 4 e 7 1) 2
T 96 fLAR S 6 Lk, BT 5% CO, 37°C 155741 .90%
() DMEM #4505 2 He vh i AT 85 5% . 7R AL
AR 53 7K EE IS IR BOR 1 mL, Xof B2 A S5 R FR
(19 1929 5570k 5553% 24h J5 A MTT 27 #4700

AM/PL (e g 1929 4 i 1=, 7E4 4L
AN RN AR 7K BEAE (A3 B T, Xof BRI A SR
1Y 1929 B3 3L FE S FLAR P A Calcein-AM/PI %t {5,
TR, A TR, I (ol FEMB 5 o A A 2
1.3 %itEsik

% SPSS 21.0 5 GraphPad Prism 9. 5 % {458 Ji%;
G o, R L (x 2 5) R A1) FUBOR I
PR J5 22701 (One-way ANOVA) | P BL 450 12 Fi ik
SEFEAS ¢ K5, P <0.05 Ron =R BA G
R IREE R IR BT LR R 3 IR ML L

2 & R

2.1 Aoy RAE

AR BAeE 1 TIRR 0 G K EEIR
k% (PVA/PSBMA) , 4 la f7 75, 24 48 51 57 &=k
20kGy I, PVA/PSBMA 7K 5 5 %8 5 28 B 4 S e o
FRET RS = R ) A TR RE i, AR OR &
- FE 3L, PVA (PSBMA A [ flk fike K8 KT T DA 1T
G & ACHR L, FEX A3 FE H PVA I PSBMA 25 %
A RERESC R RN o B A 4 S 300 S (R B4, SR M v g
EMRIGT . REWER GBS kA1
T o THend BEWr R, SRR M s imi Rt

& 1b H14350% PVA PVA/PSBMA L K A [a] & &t
IR AR KB I 21 AN GG 1, 5 PVA AT, 3200
~3600cm™ 4 O-H {1 {455 §i 3l W e 78 Ak I 75 1 42
AP T BE XS o PSBMA [ R iR % (-S0,7) AT L5
PVA ot ) 52 5500 Bl &0 B B 88 7 — (R AR A B AE A
2800 ~3000cm™ Kb WREL R C-H X FRFA G FRAP 45 45 30
W e Y 40 A 5, LR R R 2R B R T [ -N T (CHL ), JF7
TEH £y B 3% (-CH, ) 3% M 76 &2 4 /K 8 e ™o
1730cm™ Al A4 ok 7 ) 2 R L PR R BB 22 p-C = O
(RS ™ . 1038em ™ BT AL, X HL /& PSBMA
9-SO, HE AT 7 I 4 5 AR W Wi 05 . 6 1 PVA/PSB-
MA/ AgNPs & A G /K BERS D6 1

it X GO HLFRETE (XPS) Xt PVA/PSBMA/
AgNPs = 152 G 7K 8 e 1 A 27 1 o3 B FL 3R IR 285
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775581, HE 1(c~h) AT, 2EEH ER Tik(C
1s) (O 1s) (N Is) AR (Ag 3d) FUAHENE, Ag-
NPs 25| A PVA/PSBMA JEffiH ., C 1s 35 E v L5
 C-C/C-H/C = C(284.81eV) .C-0/C-N(286.32eV)
1 0-C = 0(288. 86eV) =/~ , 5 PVA Fl PSBMA f
2 g5 M) — 3G N 1s 3K C-N B 45 G el
402. 3¢V, PSBMA [ 25 i 5 [ e 37 T+ 399. 4eV , 32 ]
PSBMA Hr )R/ iR+ 3= 28 DL B 8 B AR A2 7E; O s
TR R R T P S R AE I, 43 1 47 T 530, 51eV
531.48eV 532. 34eV Fil 533. 53¢V, % i T 0-Ag.0 =

C.0-H/S-0 1 O-C g, HHr, 0-Ag 15 (530. 51eV) f7
TEFRH] AgNPs 55 55 W 6 o v 119 480 it 1 7 78 55 T Ao
YEFH, T O = C(531.48eV) ,0-H/S-0 (532. 34eV) il
0-C(533.53eV ) W I 3 J31) B Bfe 1 Fik ik | 58 i/ Tk R
FEE B0 f7 16 S 2p 5 B h B8 T RSO, /Spy,
(167.80eV) RSO, /Sp, (167.49eV) ,IFSZ T PSBMA
HRIR BL AT AATE . Ag 3d 3T Ag 3d,, (Ag 3d,,, 1%
AT 367.91eV F1 373. 766V, F W] Ag 2L,
BIEAAAE . 25 1, XPS B HIE T /KB 4549 , UE
Bf| PVA/PSBMA/ AgNPs #4553

a =1 PVA/PSBMA b FEew o Voo Voo

Gel fraction / GF%
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28886 ¢V A
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RS0,/82p,, e 36791 6V
54 167.49 ¢V Ag3d;, Y

RSO; S22/ BI6Y

167.80 eV
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T ae tes de
Binding cnergy /eV

a. PVA/PSBMA A FC T FI58 5071 8 TR B0 At b VA/PSBMAY AGNPs 4 AR 4 56 447 ;. PVA/PSBMA/ AgNPs £ 4 A i XPS A2 . C 1s XPS £ e, 0 1s

XPSSEH LN 15 XPS £ ;.S 2p XPS £ Eh. Ag 3d XPS 18,

K1 PVA/PSBMA/AgNPs & 4 /K% it & AE

2.2 REARBKIEIKPERE R KNS AT

S5 ANE 2a IR, 7E 0 ~ 6h P, K BRI K 32
B, 6h DL K B S 3k ) 7 KO-, B e KR Ok
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I 3mL B KBRS B P A R R B Rl . X
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PVA/PSBMA [0 4% 25 44 v 1) 49 B 52 6 AR FH 38 5, B 11
TR FHIB BRI 8, SO KR TR,

FEIE AR & 45 MR P Bt T4 1 B 1) S B A
TR, AT fh £ 2% B A AR 3R T LA B A7 19
K, XA Bl 20 A0 B 2R R B R E S A R B, DA
4T R BT AE D5 Y 1. S5 R E 2b iR,
54l PVA JKEEA EL, 51 PSBMA 2] 43 7K BE 1S 114 3%
T2 il A /D, S K ME B 3 3 A . X P o PSBMA
Gy FEE Al A SR KM 9-S0, T 5 K Y B 3R 1H K A R
. Bl AgNPs H R  5 , 7K R I 1 2 TR %
FZRHT Tt SR KA BT R, 33X AT g R R 24K
FM KPR 5] 20 A 1) AgNPs B a6 &
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TS PERETS L HAT R U E, D I R AN R B BT bR
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a 400 b 70 ‘ ' ' I '
350 0 e i =iy e
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F) 4 E i B
Z250 3 : . s
3 ]
£ 200 -
e S
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a —— 1ml AgNPs
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i —— Sml AgNPs
0
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Time/h & 15 &3

a. PVA/PSBMA/AgNPs 2 4 A5 i 24h S B2 b PVA/PSBMA/ AgNPs & & ki 2,
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M B B3R KM AT
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ASAITE 308 HHL TR 5005 K A e g AR il et 4
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B A M R X B AT PSBMA 4y T R
-N*(CHy ), AT RS 407 240 M A 1 ) 5 B2 20 40 4 8 1
FIRE BT AEVE I, DA T 552 M) 24 I 5 1) 1 8 25 A AT RE , 3K
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Preparation and Performance of Cationic Polymer-Based

Medical Multifunctional Hydrogel Dressings
LI Jia, WANG Cai,ZHENG Min, et al

(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology,
Xianning Hubei 437100, China)

ABSTRACT ; Objective To design and prepare a cationic polymer-based hydrogel medical dressing with antibacterial and hemostatic
properties ,and to evaluate its performance for antibacterial and hemostasis,so as to lay a foundation for the development of medical wound
dressings. Methods Polyethylenimine ( PEI) , carboxymethyl chitosan (CMCS) and acrylamide ( AM) were used as raw materials, and cat-
ionic polymer-based medical multifunctional hydrogel medical dressings ( PEI/CMCS/PAM) were prepared by a one-step free radical poly-
merization method with the crosslinking agent N, N-methylenebisacrylamide (MBA). On the basis of the characterization of its microscopic
morphology , mechanical properties, self-healing properties and adhesion properties , the antibacterial and hemostatic properties of PEL/CMCS/
PAM hydrogel dressings were further evaluated by in vitro antibacterial experiments,in vitro whole blood coagulation assays,and in vivo liver
puncture hemostasis experiments. Results The PEL/CMCS/PAM hydrogel medical dressings showed a characteristic porous network struc-
ture,a compressive strength of (137.60 +4.32)kPa,excellent water absorption and swelling capacity , and tissue adhesion, with an adhesion
strength of (5.50 +0.52)kPa to pig skin. It adheres well to human joints and maintains adhesion even in bending and stretching conditions.

Further in vitro antibacterial experiments and in viiro coagulation assays showed that PEL/CMCS/PAM hydrogel medical dressings exhibit ex-
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cellent antibacterial activity,,with inhibition rates of (98.4 +£2.2) % against Escherichia coli and (96.7 +2.7)% against Staphylococcus

aureus. In terms of hemostasis, the medical hydrogel dressing can induce the aggregation of platelets and red blood cells and accelerate the

coagulation process after contact with blood. Conclusion In this study , PEL/CMCS/PAM hydrogel medical dressings were prepared by a one-

step free radical polymerization method, which can not only meet the needs of wound dressings with multiple physical properties, but also

have good antibacterial and hemostatic effects,and are expected to be used as a new type of wound dressings in clinical practice.
KEY WORDS:; Cationic polymers ; Hydrogels ; Antibacterial ; Hemostasis
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Clinical Characteristics, Establishment and Evaluation of Prediction
Model for Antibiotic-Associated Encephalopathy in

Maintenance Hemodialysis Patients
RAO Shao-feng, WU Li-min, WU Dan, et al
(Xianning Central Hospital/The First Affiliated Hospital of Hubei University of Science And Technology ,Xianning Hubei 437100, China)

ABSTRACT : Objective To explore the clinical characteristics and risk factors of maintenance hemodialysis (MHD) in uremia patients
combined with antibiotic-associated encephalopathy ( AAE) ,and establish a prediction model. Methods Retrospectively analysed patients di-
agnosed of MHD in Xianning Central Hospital and treated with antibiotics. 29 cases and 111 cases were respectively divided into positive and
negative groups according to the pathologies whether occured encephalopathy during the hospital stays. The clinical characteristics of two
groups were compared ,and Binary Logistic regression was used to analyze the influencing factors of AAE. Nomogram prediction model was
constructed by R language and the prediction ability of the model was evaluated by ROC curve and clinical decision curve. Results Com-
pared with the negative group,the positive group had longer time of antibiotics use, higher CRP level, higher proportion of patients infected

with hepatitis B or C and combined antibiotic using and dialysis pathways used as catheters (all P <0.05). The positive group had lower
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level of albumin,serum phosphate, PTH (all P <0. 05). There was no statistically significant difference in survival rates between the positive

and negative groups (P >0.05). The results of the binary Logistic regression analysis showed that whether to use antibiotics in combination,

whether to infect hepatitis B or C, the value of CRP,and the dialysis pathways used as catheters were independent risk factors for MHD com-

plicated with AAE. The area under the ROC curve of the nomogram model was 0. 82, and the threshold probability of about 12% ~ 68%

could bring benefits to the clinic. Conclusion The combined use of antibiotics,infected with hepatitis B or C,dialysis via catheter,and high

CRP level are risk factors for AAE in MHD patients. The prediction model established in this study had a certain reference value in clinic for

predicting the occurrence of AAE in MHD patient.

KEY WORDS : Hemodialysis ; Antibiotic-associated encephalopathy ; Clinical features ; Prediction model
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WE: BN BB EZCEE BMALL £ A 53 E 2 EAFF A 2 B8 R H (T2DM) & # 7 B X 8.
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(& IE OR=0.518,95% CI:0.303 ~0.885,P =0.016) , & i1 JE A B 7 rs12364562 GG # H A 5 K [ 3 fn 4 x (KR E OR =
1.605,95%CI:1. 181 ~2.181,P =0.002) , 5 B 1k Fl /o #7 % ¥, 159633835 5 9% ¥ 7 4 1 6] 48 9 %5 B4 Fl (OR =1. 556,
95%CI:1.147 ~2.109) ,1s12364562 Emﬁﬂﬁwﬁfh%ﬁﬁ%xﬁf’ﬁfﬂ(OR—l 362,95% CI:1.034 ~1.796) . #5it BMALIL
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The Interaction of BMALI Gene with Smoking and Hypertension
on the Impact of T2DM

ZHONG Xin-tian, CHANG Wei-wei, FANG Zheng-mei, et al
( Wannan Medical College School of Public Health ,Wuhu Anhui 241002 , China)

ABSTRACT ; Objective Exploring the association between polymorphisms of the core circadian rhythm gene BMALI and environmen-
tal interactions on genetic susceptibility to type 2 diabetes mellitus (T2DM). Methods A case-control study design was adopted, enrolling
608 T2DM patients ( case group) and 614 healthy controls. General information and biochemical indicators were collected through question-
naires. Genotyping of three SNPs (159633835 ,rs12364562,1rs6486122) in the BMALI gene was performed using the TagMan probe method.
Logistic regression analysis was used to examine the association between gene polymorphisms and T2DM, and R software was employed to
analyze gene-environment interactions. Results The T2DM group had higher proportions of smoking and alcohol consumption , as well as high-
er levels of triglycerides and fasting blood glucose compared to the control group (all P < 0. 05). Stratified analysis showed that the
19633835 TT genotype was associated with a reduced risk of T2DM among smokers ( adjusted OR =0. 518,95% CI.0.303 ~0.885,P =
0.016) ,while the 1512364562 GG genotype was associated with an increased risk in the hypertensive population (adjusted OR =1. 605,
95% CI;1.181 ~2.181,P =0.002). The interaction analysis revealed that r1s9633835 has a synergistic multiplicative interaction with smok-

o R IR R R ETTI T AU E (2024 AHOS1941 ) £ [R5 9K QIR R I 00 H (202410368064 ) 578 B2 B A/
B B 455 H ( WK2024XS29)
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ing (OR=1.556,95% CI.1.147 ~2.109) ,and rs12364562 also exhibits a multiplicative interaction with hypertension (OR =1.362,95%
CI:1.034 ~1.796). Conclusion The polymorphisms rs9633835 and rs12364562 in the BMAL] gene may influence the risk of T2DM

through interactions with environmental factors,and genotype-specific interventions in populations with smoking and hypertension may have

clinical significance.

KEY WORDS :BMALI ; Type 2 Diabetes ; Hypertension ; Smoking ; Fasting blood glucose
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NOC2L,SLFN11 £ 45 H fp & By ke il
REIERMEHRR

R AL o B kAR ke

(1.3 B AR ERE A, 3140 3810 43760052 38 1L B A R E Fe AREEAL;3. 4 ALK &
B B 2 B 1Y A B e Vi A B 9 A )

TEE:BH 7% M8 4 R NOC2 £ - 47 % # T M % B F (NOC2L) (SLFNI11 3% 3k 76 45 B f7 &+ 89 1 )R 1.
HiE LHKLEERAHH AR NANE G EE (CRCAU)REH R EERAF (MEYH)FEHA L NOCL,
SLFNI11 %3k, % Jf| Spearman 2 Pearson % . Tl % & 7% 75 £ B2t bk A ROC 424, 5 F B & B & % A Cox
BIE M. AN KA KM A& FHEA, 458 CRC 41 A% NOC2L & TiE F 4 LM B4 (P <0.05),SLFNL1 & T
ML faxt B4 (P<0.05), CRC 41 NOC2L %3k 5% 3 4 4 Ki-67 2 E B Kotk B 4 im AL 45 7 TNM 43 i
EAX(r>0,P<0.05) ,SLFN11 %3k 5 )% 3 5 & Ki-67 32 H F Xk B4 3m 4L 45 4% \TNM 2 3 ik 7 48 % (r <0,
P <0.05), NOC2L B A& SLFNI11 Hl 45 5 & 7l e B 09 8k E 4 7 8 3% F NOC2L SLFEN11 (P <0.05) , NOC2L
=1.15 SLFN11<0.68 4 A 5w )5 F B e 4k or /5 % B & (P <0.05) , NOC2L=1.15 H SLFN11<0.68 %4 ¥ 7% &
# b B (%F NOC2L < 1. 15 5 SLFN11 >0.68 % (P <0.05), %51 NOC2L.SLFN11 %3 o 4 45 & 7 %% 7
BRI T ARAEZNIERE, AERKARNT L ERGELE AR TS T BTN+ 8 8.

KB 4 A ;NOC2 A% A= 40 K 4 A7 4| H F; SLENLL 5 i KO 22 454E 5 I )R 0 {E

hE 4 ES:R735.3 XHERARIRED : A
X E YRS 20954646 (2025) 04-0439-005 FRF 2 ( BRARSS ) #RIREZ (0SID) :
DOI; 10. 16751/j. enki. 2095-4646. 2025011303

Detection and Clinical Value of NOC2L and SLFNI11 in Colorectal Cancer
GUO Zhen-nan,ZHU Kai,ZHANG Wan-li,et al
( Department of General Surgery,Tongshan County Peoples Hospital , Tongshan Hubei 437600, China)

ABSTRACT : Objective To investigate the clinical value of NOC2L and SLFN11 expression in tumor tissues in colorectal cancer.
Methods Real-time fluorescence quantitative polymerase chain reaction was used to detect the expression of NOC2L and SLFN11 in patho-
logical tissues of patients with rectal cancer (CRC group) and patients with benign colorectal diseases ( control group). Spearman or Pearson
correlation was used for correlation analysis. ROC analysis was used to predict the poor prognosis of colorectal cancer,and Cox regression a-
nalysis was used for risk factors for poor prognosis. K-M survival model was used for survival analysis. Results The NOC2L in CRC group
was higher than that in adjacent tissues and control group (P <0.05) ,while SLFN11 was lower than that in adjacent tissues and control
group (P <0.05).In the middle CRC group,NOC2L expression was positively correlated with pathological grade,Ki-67 ,invasion depth,re-
gional lymph nodes, distant metastasis,and TNM stage (r >0,P <0.05) ,while SLFNI11 expression was negatively correlated with pathologi-
cal grade,Ki-67,invasion depth,regional lymph nodes, distant metastasis ,and TNM stage (r <0,P <0.05). NOC2L combined with SLFN11
had higher sensitivity and specificity in predicting poor prognosis of colorectal cancer than those of NOC2L and SLFN11 alone (P <0.05).
NOC2L=1. 15 and SLFN11<0. 68 were independent risk factors for poor prognosis of colorectal cancer (P <0.05). The median survival of
colorectal cancer patients with NOC2L=1. 15 and SLFN11 <0. 68 was significantly lower than that of patients with NOC2L < 1. 15 or
SLFNI11 >0.68 (P <0.05). Conclusion The expression of NOC2L and SLFNI11 can provide objective evidence for the disease progression
and prognosis evaluation of colorectal cancer. The combined detection of the two can significantly improve the efficacy in predicting poor
prognosis of colorectal cancer.

KEY WORDS: : Colorectal cancer;NOC2L;SLFN11 ;Clinicopathological characteristics ;Clinical value
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CRC 4 IR 2H BB 55 41 4, X BRAH RS
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Ja ARSI NOC2L SLEN11 &3k, kil 77 32 4 SE B 28 e e
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1.3 HUEH

CRC 4 # M3 MHBE L E A 1 K, EENE
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RH I 55 ) E TG A R o
1.4 %itsrk

K] Graphpad prism K R i 55 4o 46 b R A7 4k
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67=70% JZIHIREE T3 ~ T4 X IRk 45 N3 |t ibF%
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WE-BW RAETHEDBEANERRATLELCE AT AR SR LEZ TN ARR, it AR K
I8 1 90 1) 12 PR Ji R 4 BB IRAB AR E X 0 M B A (n=45) Tl Z 4 (n=45) , 3 B4 AR E 2 5k T
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Evaluation of the Effect of Health Education Combined
with Nutritional Intervention in Patients with Chronic

Obstructive Pulmonary Disease and Lung Infection
ZHANG Meng,ZHU Jing,ZHAO Xin
( Emergency Internal Medicine ,The First Affiliated Hospital of Bengbu Medical University ,Bengbu Anhui 233000, China)

ABSTRACT : Objective To explore the application effect of health education based on the Transtheoretical Model combined with nutri-
tional intervention in patients with chronic obstructive pulmonary disease (COPD) and lung infection. Methods Ninety patients with COPD
and lung infection admitted to our hospital were enrolled and divided into a control group (n =45) and a study group (n =45). The control
group received a standard nutritional intervention strategy, while the study group received a transtheoretical model-based health education
combined with nutritional intervention. Nutritional status ( serum albumin ( ALB) ,prealbumin ( PA) levels, Nutritional Risk Screening 2002
score ( NRS2002) ) ,immune function (CD3*,CD4" ,and CD4*/CD8 " levels) , blood gas indicators ( partial pressure of carbon dioxide
(PaCO, ) ,partial pressure of arterial oxygen (Pa0,) ,and pH levels) ,as well as nursing compliance, were observed before and 14 days after
the intervention in both groups. Results 14 days after the intervention, ALB and PA levels increased in both groups,with those in the study
group higher than those in the control group. The NRS2002 scores decreased in both groups, with lower scores in the study group (P <
0.05).CD3" ,CD4" ,and CD4 " /CD8 " levels increased in both groups,with higher levels in the study group (P <0.05). PaCO, levels de-
creased in both groups,with lower levels in the study group. PaO, and pH levels increased in both groups, with higher levels in the study
group (P <0.05). After the intervention, the compliance rate was 95.56% in the study group, which was higher than that in the control
group (82.22% ) (P <0.05). Conclusion By improving nutritional status,enhancing immune function , optimizing blood gas analysis indi-
cators, and increasing compliance , health education combined with nutritional intervention based on the transtheoretical model has achieved
significant results in patients with COPD and lung infections.

KEY WORDS:; Transtheoretical model ; Health education ; Nutritional intervention ; Chronic obstructive pulmonary disease and lung

infection
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Analysis of the Application of Predictive Nursing in Indwelling

Needle Infusion for Pediatric Peripheral Veins
CAO Xue
( Xianning Central Hospital/The First Affiliated Hospital of Hubei University of Science and Technology ,
Xianning Hubei 437100, China)

ABSTRACT ; Objective Exploring the effects of anticipatory nursing interventions in children peripheral intravenous indwelling needle

infusion. Methods A total of 252 pediatric patients undergoing peripheral intravenous infusion were enrolled in our department as study sub-

jects ,and randomly divided into 126 cases in the observation group and 126 cases in the control group. The control group used conventional

nursing model and the observation group implemented anticipatory nursing intervention. The incidence of leakage, pain scores,adherence and

family satisfaction with nursing care during infusion of pediatric patients between the two above groups. Results Compared with the control

group, the incidence of infusion leakage and pain scores in the observation group were lower. The infusion compliance and family care satis-

faction were higher. The differences were statistically significant (all P <0.05). Conclusion The application of anticipatory care can reduce

the incidence of infusion leakage of children peripheral intravenous indwelling needles,reduce the pain,and meanwhile enhance the compli-

ance of pediatric patients during infusion and the satisfaction of their families with nursing care, and reduce the conflicts and disputes be-

tween nurses and patients.

KEY WORDS ; Anticipatory care ; Indwelling needle infusion ; Children ; Incidence of leakage ; Nursing satisfaction
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Research Progress of Post-stroke Cognitive Impairment and the Current

Situation of Acupuncture Combined Therapy
ZHENG Ze-ying, YE Qing-jing
( Fujian University of Traditional Chinese Medicine , Fuzhou Fujian 350000, China)

ABSTRACT ; Post-stroke cognitive impairment ( PSCI), as an important part of vascular cognitive impairment, severely impacts

patients” quality of life. Its pathogenesis is associated with multiple factors,such as brain structure, cerebrovascular risk factors, immunity , and

the “gut-brain axis”. Acupuncture offers new avenues for PSCI rehabilitation,such as combined rehabilitation training, medication, and elec-

trical stimulation. However, current challenges include inconsistent acupoint prescriptions and treatment modalities ,small study sample sizes

and design limitations , and limited understanding of mechanisms of action. This article summarized the research progress and current status of

acupuncture treatment for PSCI, hoping to strengthen future research,explore the potential of acupuncture for PSCI,and provide more effec-

tive treatment options for patients.

KEY WORDS ; Post-stroke cognitive impairment ; Acupuncture ; Therapy

BEE Lo AR TR s, A b SR I Bl B AR
St A AR S R A o R R — RO, T AR
3k, T2 5 A M A5 ( post-stroke cognitive impair-
ment , PSCT) (AT 58 FA B B 4E TR . PSCL 2 I 45 14 A
R B 04 B B By, 0 173 b g i MO K B
5 PSCL N, 47 ok ™ E At 25 L &2 0 VI Ik i 4, 24
44% M BETEAE PG 2 ~6 A H BRI M T RE R
L BRI R A P A DA R AR S A LA
IBBIR IS TR UE  (EAT 25 e 2B 3 B . — Tl
A 1995 428 2017 4 [H] k& 1Y 23 WS 1) F Ge 45
AR A PSS 1 AR PSCL A I 05 A 1 HRR
0 38% , Mg 10 72 vh SE A7 5 h ot A 4 LA R

w A EVEH, E-mail : 13959223348 @ 163. com

FRARIER RS o

PSCI AR S b 38 A BE i U 56 2R 3 (8 9 AR T
JiCRE, B Feis T T I A v e R BRI ST ) Ty
T, F AT ABT TS AL AL BT T (1 FE At 1 AN Wi S s 6 L,
FHE RS Z T BE G, LR PSCLAYIR RS

1 PSCI HRE X 5

1.1 PSCI & dEE L

PSCL AR A P Ji R Jm th B Fr e 21 6 4~ A it
DA AE R AR 5 DRk R I PR 2545k, RS AR
SARRERE K73 S 2 P 5 DA R R BGAE HRT SR (post-stroke



452 WHERE B R (B0 2025 4E55 39 48 5 81 Journal of Hubei University of Science and Technology (Medical Sciences ) )

cognitive impairment no dementia, PSCIND ) Fl125 57 Ji5 i
4 (post-stroke dementia,PSD) ' A< 5 H 30 44T ]
FEEE 0 IA 0 Ty g 04 3 8 AT LLUA & Sy PSCI S W, i
PSD 2NN REA W 3 1) B A 45 R o TECSE E PR
PhosryBLE A B ) ths ), PSCTFEAS TP 5 12— 4F K
I RAT 5 1K 60% , K2y 44% [ NFEAHG 2 ~6 A
e R AN RER 2

PSCI 7 b Bl 85 h R DU B 44 o v ]
AT X JEE AR SRR ST BR A ™ “ Al vl
JR” 4, ARG Xt L 17 v BS993 44 W REA R
CORIA TR A AR SO I e X AN [ A A
PURIIE A . I W1 R R A H R0 B R ™ Bk
FAK, Ja (A PRI R ) — S g KU
B IECAREN R J5 26 52 45 BELA 38 177 B
KT MR, WAL T, R
1.2  PSCI ¢9+4& 7 %

PSCILf i AR AP IS 3 ~ 6 D 58 ) vEAl, #12
A IR R A 2 W AR TR T S A
VNI Ol IS et N5 S (2 ] )7 S 2 2T
WA R AR T 124 17 2R MRS A A (MMSE ) (52
FEFIRINFIIEAL B2 (MoCA ) (#2247 g IARIAR LA
P (NCSE ) Rbh 280 B i 45 ) (0 H R A
MIGETTHRIFTE R BT, B AF AN D RE D8R AIE 4 (0] 45 (1Q-
CODE ) S FJ 647 £ 5 tA K1 HE ) K A2 1T L (ACE-R)
St PSCI fii 5 (1 i B S0, 45 B I IR PSCI 92
W A B

2 REFHH

2.1 PSCI 5 X Jin

2.1.1 PSCI 5k fpighth

PSCI 5 KM &5HIAHC o Sl HTEOLT , /N L5 AR
S | R I AP DA T B A R R B R fE R R L
PSCI [ X HIAE T H Ak & Tl 5 , HAg4esv] Wi
ISR K 1 R A R AR B B /N I e AR, A
w5 114 M X 1 R A B AT R S U L2 L 4G
FARMEIR , 35 B i 0 F B2 308 3o 2 2% i X 6% 0 T 4%
AL AT LLUE B PSCL 526 b )5 5] & IH — LR Ak B 12 1<
JEE R BN A R A D 71 SRR I R AR A 6, I 264
FINAERIRY SR R i S5 M R . AR Y
A SR IR , R 2 72 U434 N iEA T E 98, LIR
PP LT RE B, FE 9 A Kk ) g S AR R
A 2255 76328 I sh A5 #0 BUR S T REAY MRI HA , B 5T
SR L A R R 1032 Bl 4% 4 A i
A G i P A 2 R 2 S BOAS [ I 46 22 T ) 3 3 v

AR W2 A T IR A] Sz 2B B0AE o %ok Bt a1 A 2
v R TTT  , EAE B K B2 J2 B B2 J2 R I AT 2 BIA
HITIREA B T B, H SRR AR KNG G, BiAE
JEBR R, i 28 D) E it 2k B ™ F, 3G e L PSCT g XL
B, fE—I A T 2950 {5 B REA B B8 T
R, 2R ZE i A TR A A PSCI G R B
) SO R EOR R 4 ARG MR 5 2 PSCT &
o B A F Al

2.1.2  PSCI 5K 4% fE i 8 %

A5 5 B BRI ERTE  WR AH S5 A P A I A A
HERJE PSCI WEEZ WA R Z —, A TiE Y
A I A6 XS A, BT L /N e s I At 7T 2 24
Wy KB B2 W) 69T 55 7 AT LB TA MR A 1
AR BB ) L4 FE R DR 22347 il i mT L3 2o 9 37 1
B R AE LT PSDNY L BRI R I
TG N ZE R ETHE T, B MoCA PE4r 4%, R H
B EZE BA B RSP ES 18 ~H
B E S DhRE R 22, A e o0 1 JR S FE 2 18 S A I
PRILAE MoCA TFAM40 25, I JE 2 045 A I R 5 v iy
KA 3T 211 is R R 25 6 PSCI 8% NI BE A
PRAPVERT, il il 8 B ok 25 11 A2 44 BEL 7 7T DA %
E RIS P R TN AR T BE L 4E 3 1 v 5t B R
MR . SRTTHABESE " 2 W] 1M s T A PSCI 114
PRI 0T3R40 2 g BB T 5 7 ZEAAOR K = )
MR GEFR A 5 G 1, JE AR AR &5 B
. B AR S A LS SR R R
PSCI &9 R B, © H PSCI 119 JG I 7 £ 16 PR 229 A
TE RO B4
2.2 PSCI H3EAb 2 2 4ubbym &

2.2.1 PSCI 545

G g R G e NMRT B 1 DA, 2 s A v
Ja MMM ENEZRNR, 2505 RAEFSE(SIT)
ST R — R R LR A RIES bR, 25 5 5% T
AR EL AR | b PR R B L AR R PR &
B, 2CPE G I P A o O\ A Y STT F5 %0 g
T ICIN N R () SR, R ZE s o) T — e AH G T R
(e AR AE) J5 , SI P45 PSCI 2 [8) £ 7E B
SATEAR G o BRI IE WL 2B AR S i R T
SN AR e N DB e A N B N Lo e N
TN MAS B0, BADSE " £, e Rt s
W) —— L3 PR 40 T 43 EE L F Pk 40 i NLR
F1 SIT A FF 3 hn 7 PSCI 1% Hdps XU , T 3t 7 14 fe i
Fraa ot e W55 2 A8 S, 491 4 9 2 240 e L 238 5 v B T
23 PSCI 114 FEUM XU P AT o 35K 6 S 28 46 s 174 1 0 mT
BT LA A it PR 2 41t PSCT HF & J& 1l J5 i %l B A1) ey



WHCRE 7 B R (B0 2025 4E55 39 48 5 ] Journal of Hubei University of Science and Technology (Medical Sciences ) ) 453

WA
2.2.2 PSCI 5 -t 20

William James F1 Carl Lange F ik 4= 4)-7- %l
(MGBA ) 2% 15 2 45 7 38 A= 40 F6 0 Hh AR 4 2 22 49 38
TERRLE N W B G B AL AR AR T, T OB [] A
Bty o SR R R BRI 1o B A b 2 IR
MGBA {555, 5 0tk M 1 i 26 op 1) Wi s o W' %
B, PSCI £ 25 i 8 ufe A= 0 1 o B S o A, 3 8 B UL
o FEEENRIIER (SCFA) J& iz 8 A #F A ™ 9, &
M= 545 PSCI () & 4= 8. 3 A1 %, SCFAs 1] L 5
Ui B BRI R =2 A T, T4 Rl 4 26 1 25 b1k, &
I J 5 4 A R i, 5 7D 8 S 240 L, 920 ik 8 R 0
RAE , 7E MBGA H R #E 8 BAE L, i A4 o )5 M 38 7™ A=
SCFA IR RFI /D, FEAIR T 2 v 5 i 48 ARE 1 410 1 A
FH, DTN PSCI i & 48 o b4, B RERI =g %
BECLPS) FI T ERER 25 1 PSCI JR 351 P I -fiki = 111
A EAEH o 2426 (B W 8 AR 38 R Ak, KT
2 IR A UK & LPS 3 &9 LPS 5 Toll #37
TREs G HE SO R A M B 7= A, 51 & & 8 RAE
JVE A LA o s, ol A = P AR o D S
AT, s i 49, sk PSCI gEfe . T R $k vl LA
Akt BERR AL, , /NG 5T 4 5 A, 406 /0N B8 1 R R ik
P ITTIR T T PR 22 R 48, % PSCI Y T i
R .
2.2.3 PSCI 58 Z R4 K F(IGF) -1 Tau E

AR 32 P S 8 108 R 36 0o i 5 11 375 i
F553H07, & B PSCI J 3% 1 I8 B & E AR A K 1
(IGF)-1 ¢k PSCI 41 /5 IX, Tau 25 /K V- #59E PSCI
B BT Logistic 43#7, (IGF) -1 Tau #5144
AR AYER I ik A v 8 3 & A2 PSCL By ik 57 f B [
Fo Tau £ FIERR AL FE B 52 i pf 28 o0 A8 P, s B
FhE &5 & PSCL (I fEks R % 5 (IGF) -1 ZEM £ J0/k
K T RE R b A A, R 2 s A
T LA B AR E ) (IGF) -1 7 B AR D) o 2545
PR FHISE , PSCI A XRS5 157 o
2.2.4 PSCI 5 HALP ¥4y

HALP PEA3 4 G0 o RS 4805 , 004 I 41 &
LR 9 E 0 ol e SR 4 s i b
JEL B IOk LA A B ot R RLAE , 64T HALP 343, X F &
PRSI P2 R, 5 A PSCL 4040 He, PSCI 41 1)
HALP $P43 541G, AR I M 218 1 &R O E
B RS A AT T I/ VAR TS0 e B o LI HALP 343
JNE R85 BT B 7 % RS A3 BRI S AE
HALP 4 <33.90 435 PSCI % J& i A 6

2.3 PSCI 54 af fmfit &

PSCI ) 955 52 AT A 56, Ho— S %45 45
AT SCAR K, PSCI % HE 4B 3R 15 S AR T B 5 17
RS S0 KT s 27 DA 0 i A B, 26 v )
AT S0 28 ALY U LG I R O 5 B AR B AR L.
TE P KB, S HE AR F TR R PSCI AR 2
SZHE E R 3,03 5, A RS A R Bk A
I A R 2 35 AR RE L R 7], 76 56 I BE AR
AT FLRE B S BE 33, X R ACAEFR O g B L™
SRR RIR P BIEE I EIR , (R AT B L R 7 2%
SRR AN R I RE RO RE S, 2538 G &k
Tt 4, St IS RIS, 7T LASRE Tl 4, 32
8 EIRCE A B AR 5 B, 72 26 o i 2B Ak i
AT LIJE RO o, AR IR 5 S (i T g 5 Y

3 stRiaTIR

3.1 4 R#Ed8F PSCL 7

P EEEF RS 4R 5T 8 PSCLYRYY, O PSCL 2
g T8 R LN L E S ANE PPN I EP
=77 1%t PSCL (& A7+ BUA T, B 8 B Bk O
™ A5 FORT TEARRE” AN R 0 =F8 0 IR, 0k
PRI FA o R R B A B
BRGNS R PR 22 SR A R B
FOAATIRE S H S HE , HOAAE H E R A iR T
PSCI S 49, E/ R 437 “#gE™ ™ o il )36 ™ ¢
AR - M o ), 0 A 22 2806 47 S D RE FEAT PS-
CURIRIRZR, KB I E & T VR h 2 M T
KN EAEA T LI 2 Sk i, i B Fal I A A
MEASOR AR 150 S R, 18] b m] 3R e, DL B
k- SR AR A, OB BR Sk AR R AR UM |
23 DUMEESN b A 1 v T 2 = B A4, b AE
R R TF 255 TR 22 b 25 R 22 A0 < R A A
167 BEIA Ry 7 1 & PSCI 1 S I, 2 fif ki 4%
RIS, BORTT R T 5 , 15 BR 758 LU D 4
F NI 28 i A0, ML A A2 Bl /X 2 LA
PR MR B, BR Sk TR B /AN I E L 2 = HL il
T M- B AR KR RRAIL L 5 A i L R
KRB ORR L, A ARAAE S B0, =& A L
A e ONE BT K = ()9 SCBCPY A T2
il L N PSS MV 12/ S = S
IR AT R ) F Al oS 7 0 SR LA 45 EORE  OT 55
PR L0 22 4% , A e S 1) Sl A AR 2 A
FIFORT AR, DTS B4 B 78 677 1K ) H B0 ek
PSCI (B # HOAEAR ™



454 WHERE B R (B0 2025 4E55 39 48 5 81 Journal of Hubei University of Science and Technology (Medical Sciences ) )

3.2 AREESH AT X T
3.2.1 HREAREE IS

PSCI FRERIT AL 2 T o 38 37 AR 3
(01 B0 1 7 2 Bl iR, A s 3 m] DL R TR
J1 R B MG AR B AR IRy T A
FEXTPER SR BB AR TG AR ) AR 2R A Uk R
SSHH G, B R H S AR TE AR A B R
WHPKE . R LA Az T2 E iA
J7 , W DA A o s A T B T g2 Bl i el
e OLHLRZS . A BT R, FRATBEA RER
Blas NIRYT BERRAR R (K N CRP H5 45, FEAK 2 5E
N, PRI IR 22, RELE PSCI #EFE

TERREZ VIR AL LA 5T RGBT, 5 ai e i
TBITAHLE , /] DU — 2D 528 PSCIL B8535 (1IN R 7K P 0
FTIRES o WRPRBFTE AR S, A5 DA 00 A2 I 2R S
e E R AR R R BRI E 2 P RE (B
(IR EN AR N R X SNE A7 TR LI
B K, B 30min, i PP RS L4 RS B
INHIRE ) AT B BERE ) Ag 2 D Re 38 B AR A T4 T
WHA TR T BREFRISN, LR AETGYT PSCL Jr
T B GRS, A F AR 2 A E,
W ARZ” e S X E 2 AT 3 A e
% R 15 ~20min, 1 ¥/d, &8 5 W, 4 )G B E W
AL ETE G012 ST RE I B R Al AT R E I 2R A
A IR A X ] e 5 AR AN MU I Bl
2 PRI LAY A LY
3.2.2 EFREEELYIRIT

JIELG T BT 70 AR 5 4k N-HJE-D- R AR
SZARSEHGINAYT 2 6 PRI 5E h ik B A B 7 30 25
¥y, PSCI JR 32 6 4~ H HHAK R B 6 511697 5 A %0 2
BT AR B R R A0 o I R 7 Lk P D o) 7
ZRWRST R R T A SE RIS RE A H 5 A 15 1 —
Lz,

G455 IR YT PSCL 2 In IR — Kl #, “#r =
B BRG 2 ASWRFEIRIT PSCL U B =4 « pu 41
R =T A RCRI s T Al 2 AR RS T A,
=B IO N T R 6 TSk Bz AR X
PO X AT BE AT DAk 305 G IC TR, B =TI
P BEE 7PN AS B 7C, 5 Bl TR 9T 28 VIR O, D
FEAHT G A2 AT DR R O, AL TR I IR IE S
B, 0 22 AT 3 BH A A2 i 4% 2<% o Ak, e Ay
SERKRG WB W Z B O, A LSRR B R
A HoAhy 7 1B 97 PSCLYT R 3, (HAT RIK G h 2y
J5 AT B e A RO % AELIG DR 1, FH 5 A 40 A8 5 ik 7Y
S AR | L2 R

3.2.3  EFHIECA L

LB TE SR GRS Attt B2 B BT, AT U B3R
I7 PR AR, Xk A2 IR RGBT . — 0
PIANT 896 | S fE K M ZE A A 2 B, R BT AL
MMSE MoCA \FMA 3 2435 A B O X6 B AL, e
24 P300 JEAR IR T % B8 4 L ot s 2 %o HRL4H, 13d P
FLEH Y3 AT LR 5 PSCI IR BRI . A RFTE &
B, BB AN AT DA K B T3S , 3 /i 2 il /s
JB2 S5 AN B ) 540G (U855 TLR4/NF-kB/NLRP3 {553 [t
FIFVE R, P NLRP3 #H 3¢ 48 4 40 L Al 7 1) mRNA 7K
ST i 22 S 22 A, AR v K L2 ) AEAZ R
S3P T S S ] P2XTR Ak v b 4 E A0 T
S, PR e I P XU BB A2 305 5 H 3 T
129 A mTOR-NLRP3 [ -5 it i 42 T 10 PSCI, £ 45
B> MCAO K R U T~ S8 | 2 b 7R 5 e
b, v BRI g % 38 i 1% 5% BDNF/TRKB/CREB 5%
3 5 TR 56 B 1A KT TR kT SR DGR ER
PSD-95 I SYN (17 A B 52 5 fil (V) B T 25440, ik b 2
Sk 9325 157 B 7, DT D A R M Sk B 9 98 42 1T 3
R BRIA IS RE T
3.3 4+ %657 PSCI 5] 22 55 Bk,
3.3.1 Gy S5iRTHLE

M, 7E4T 2 16)7 PSCT 45U, /A 4bJ5 FNG YT 5
BT LR, MRS — T . AR 58 B A
JG R BE A 7 SE PR AE R, T o0 e 98 BTl F k8
FH IR 3 5 R 0T R 2 HE S5 O T Y A R 2
5o DOFCIR A (ol A0 5 25 SR M DA B g g
A WEIZIT B R HE ) I R Ol 1 PRIME , 500w LA X
EF IR PSCL [ SEBRYT R T2 R A PEA o
3.3.2  FEABRK/NSGHIFEIT

KTFEHRIGIT PSCIL (11 PRI FE AT AERE A /)N
(A TR) R, [ B FE T AE AE—  JR B . ZERF R At
T b, BEHLGT 8 S ) A6 T4, 03k A k4 i TR 4%
PRI 2R XA 235 SR 52 el 5 5 2 i 1 AN 85 58 35, 7] g
SEEFFTEE R Z B E W R TP, 8 ) ™ &
55 T WS 45 A T SEPE RN AR 7 , (A5 5 B X L
FER 2 BNE E NAS R AT RE) o Ak, BUA FSE
KT WL 4 97 8%, X T 4T R IG 37 PSCI K
WIRCR B e 4 B Z IR A R GEIIBRSE , JC ik M I IR
SEERAR LA S 5K
3.3.3  WFSEALHIREA 2

S BRTHEIE BT £ RIBYT PSCI 1 1E AL HI
JETF T — & MR R, (AR BF 58 R B AT A 7 4
o BUA 1 22 B0 5 AU 238 S5 /K - i ot 32 A5 £
SRR SR Y 2 R TR0 28 40 M, 6 R 35 P 7



WHCRE 7 B R (B0 2025 4E55 39 48 5 ] Journal of Hubei University of Science and Technology (Medical Sciences ) ) 455

A A5 U] T 2ok AR 2% PR i 2 A S e T R o 2
INREREATIATT, LA ST RAEFE I R IK 3 A A - 55
TRV T T = LR R R ), AT e — 2P PR . BB
Bt ociByT PSCL NTEALH Y 2 1A IR, B 7 A FFE
PAitt— ARG YT T 58, 32T H I R 7R

4 N &

PSCT g i A 1A M P9 24 H i AL, 5 R 3 2 1 ok
SRS, HAR L AR — R 2D R GG 1R
FIMEER A E2 i B v, BRI H O, 300 A B
T , R 22 oA HE A T Bl i€ 1Ak J7 %8, 3 Bl
BEFHBIARE . §F RN —MEGEN RSk,
FEIR YT 2 P R DA A B 5 5 100 A R A DI 3 Ak A
(L P (L, L 22 Rl BILR , RERS A Rk PSCI &
HRPAMITIGE. HAT, #F 2 if7 PSCL A7) il — L& 7]
AR, ARk Tt ZENSE AR BT I, il E AR AEAL IR YT
J7 5 IR TR I PRI 5, IR AR AR AIBLAR, 2
—BERET RAEIRST PSCL BT, 2] K PSCI i}
B AR TB

S

[1]LO J W,CRAWFORD J D,DESMOND D W,et al. Profile of
and risk factors for poststroke cognitive impairment in diverse
ethnoregional groups[ J]. Neurology,2019,93(24) :e2257

[2]SEXTON E,MCLOUGHLIN A, WILLIAMS D J,et al. System-
atic review and meta-analysis of the prevalence of cognitive im-
pairment no dementia in the first year post-stroke[ J ]. Europe-
an Stroke Journal ,2019,4(2) :160

[BIEH, E®, MoK, ¥ FHEApEREHEL FHR
2021[J]. P E w4 %,2021,16(4) :376

[4]EL HUSSEINI N,KATZAN I L,ROST N S, et al. Cognitive im-
pairment after ischemic and hemorrhagic stroke: a scientific
statement from the American Heart Association/American
Stroke Association[ J . Stroke,2023,54(6) :e272

[S]%#E ,BE,FZEH, % FENMERIEREZRLT(F 2
BO(H#®)—F8 Eff & A EHE[I]. v EE &
7,2023,18(9) ;1036

(6] T EE MRK, HEE, % AR T fTARE
W MY Meta 9 47[J]. W B &R E 5,2024,27(32) ;4066

[TIEREH, 20, K, % X T WS MR %04 SR x5+
Ja A T R B TN AT S (0]l R AT Ak &, 2024,43
(6):905

[8 ] BONKHOFF A K,ESPINOZA F A,GAZULA H,et al. Acute
ischaemic stroke alters the brain’s preference for distinct dy-
namic connectivity states[ J]. Brain,2020,143(5) :1525

(Olg#EE, ), TRE, 5 AR ML Y FAME
B R R AR AE 0T [T . PR 3K i B BAR % R 2%
7,2022,5(2) ;103

[ 10]WEAVER N A ,KUIJF H J,ABEN H P, et al. Strategic infarct

locations for post-stroke cognitive impairment ;a pooled analysis

of individual patient data from 12 acute ischaemic stroke co-
horts[ J]. Lancet Neurol 2021 ,20(6) :448

[11]MIJAJLOVIC M D,PAVLOVIC A, BRAININ M, et al. Post-
stroke dementia-a comprehensive review[ J]. BMC Med,2017,
15(1) ;11

[12]AAM S,GYNNILD M N,MUNTHE-KAAS R, et al. The impact
of vascular risk factors on post-stroke cognitive impairment ; the
nor-COAST study[ J]. Front Neurol ,2021,12:678794

[13]HE A,WANG Z,WU X, et al. Incidence of post-stroke cogni-
tive impairment in patients with first-ever ischemic stroke:; a
multicenter cross-sectional study in China [ J ]. Lancet Reg
Health West Pac,2023,33.100687

[14]BAO Y,WANG L,DU C,et. al. Association between systemic
immune inflammation index and cognitive impairment after a-
cute ischemic stroke[ J]. Brain Sci,2023,13(3) 464

[15]ZHAO P,ZHANG G,WANG Y et al. Peripheral immunity is
associated with cognitive impairment after acute minor ischemic
stroke and transient ischemic attack [ J]. Sci Rep, 2024, 14
(1) :16201

[16] LIU Y, KONG C, GONG L, et al. The association of post-
stroke cognitive impairment and gut microbiota and its corre-
sponding metabolites[ J].J Alzheimers Dis,2020,73(4) :1455

[17] 8%, £ T8, MK, F. HEMEN-F-EE x4 E
NE R A R AR SR [T]. R E E ¥R E,2024,
49(9) 1073

(18] 7 &M, Az, 7%, %, ik IGF-1 Tau & A 3 & F 5
A e ofn i 2E R AR R P R A e R R B HUI M ELLT ]
o F F4E o 0 75,2024 ,44(13) 13158

[19] WANG R,BAO H,ZHANG S, et al. MiR-186-5p promotes
apoptosis by targeting IGF-1 in SH-SY5Y OGD/R model[ J].
Int J Biol Sci,2018,14(13) :1791

[20] & #% , % # 4R - K7k & HALP iF £ X ¥ 5 A [
BEETHERL] ARG EFRE,2024,56(6) 719

[21] A %, RATH, RWH, . o b 2 & & 38 HALP 3% 4~
GxdgimEREXEHFR[I]. BEEFKFHR,
2024,30(13) ;982

[22] e M, B4, % MF P EAmERLRIAR
BARERAAN :—RETHER 2P RELN S PO
HEA A LI]. & B4R IE¥,2024,27(23) :2829

[23]DING M Y,XU Y,WANG Y Z,et al. Predictors of cognitive
impairment after stroke ;a prospective stroke cohort study[ J]. J
Alzheimers Dis,2019,71(4) ;1139

[24]STERN Y, BARNES C A, GRADY C, et al. Brain reserve,
cognitive reserve ,compensation,and maintenance ; operationali-
zation , validity, and mechanisms of cognitive resilience [ J ].
Neurobiol Aging,2019,83:124

[25] frmeab, & &, B 4%, 5. 0B B A0 4000 % 2 i ok ofn 7 98 32
JEEN R ERAEA KRBT A A AMPA % (K X 4 8
EaxikmymI]. FELF,2023,64(23):2435

[26] HAEM , ME, F XR, % IR 367 4R 97 6 7 R 2
FREAEERNIERKRLI] FE SR EH,2024,31
(3):129

[27] 20k, E 8. N F B 4E- A7 B HITFF FA
gl R AL R e T BB LT]. bR o B 2 % ,2024,43
(5):508 (T4% 460 W)



456 WHERE B R (B0 2025 4E55 39 48 5 81 Journal of Hubei University of Science and Technology (Medical Sciences ) )

SIS /24, IR, R, . = AR 8 9T MR AR BT B R AT TR [T ], A A R IR R (B FR) ,2025,39(5)

456 —460.

—SHEERTERFE R RENTRLRE

F3LE, R,

RS

(A BB B [ 30 2 5 e, 1 BT 437100)
WEAXLET AR (DMY) £ 88 R R K 3 KE o4 B & IR A RO AL IR AR 8 8 R R i R
AR ERFIAEFRER AR R FOEAAR FERATEE LRAAB PP RN BAN SRS, AL
A DMY 72 8 JRAT B3t RE AU R R BT L #R B A oy AR, 5 DMY 1B 0 e JR 25 4 i TF K R BE 5%

KR AR Rm R E I RE
th & 52 S :R587 X HERFRIRAD : A
M ERS 20954646 (2025) 04-0456-005

DOI:10. 16751/j. enki. 2095-4646. 2025010310

FRFE ( BIRRS ) #RIRAG(0SID) :

Research Progress of Dihydromyricetin in the Treatment of

Diabetes Mellitus and its Complications
HUANG Xing-qiong,ZHANG Dan-dan,ZHANG Sheng-nan, et al
(School of Pharmacy ,Xianning Medical College ,Hubei University of Science and Technology,
Xianning Hubei 437100, China)

ABSTRACT : This article summarized the research on the application of DMY in diabetes and its complications such as diabetic cardio-

myopathy, diabetic retinopathy, diabetic nephropathy, diabetic neuropathic pain,diabetic depression and diabetic encephalopathy. It clarified

the potential mechanisms and signaling pathways involved in the above process for DMY. This study is hopeful to provide a better under-

standing for future research on DMY in the the field of diabetes and its complications,and provide a promising reference for the development

of DMY as a clinical drug.
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