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Current situation and future development of novel antifungal drugs

WANG Xi-yue', LIU Run-song', ZHONG Hua™ ", WANG Yan™"" (1. School of Basic Medicine, Naval
Medical University, Shanghai 200433; 2. School of Pharmacy, Naval Medical University, Shanghai
200433; 3. National Demonstration Center for Experimental Military Pharmacy Education, Naval
Medical University, Shanghai 200433)

Abstract: Fungal infections often occur in immunocompromised people. The number of
immunocompromised people has increased in the past two decades, which increases the morbidity and
mortality of fungal infection obviously. Currently, the clinically available antifungal drugs are limited,
failing to meet the clinical needs. Therefore, the research and development of antifungal drugs is urgent.
Recent years has witnessed progress in the development of antifungal drugs with new structures, targets,
combinations and dosage forms. Novel active small molecules and peptides include fosmanogepix,
razafungin, ibrexafungerp, and nikkomycin Z, which affect the fungal cell wall; oteseconazole (VT-
1161), which affect the fungal cell membrane, T-2307 and ilicicolin H, have the ability to affect the
mitochondrial function, BHBM and D13, as sphingolipid synthesis inhibitors, and others with different
mechanisms (turbinmicin, AR-12, VL-2397, olorofim, etc.). Fluconazole combined with berberine,
caspofungin combined with ribavirin, auranofin combined with pentamidine, and amphotericin B
combined with ent-hardwickiic acid are all novel combinations with synergistic antifungal effect.
New antifungal formulations include fluconazole with nanovesicle carriers, novel luliconazole elastic
nanocarriers, chimeric oral amphotericin B, etc. Potential targets or pathways for developing novel
antifungal agents include heat shock protein 90, sphingolipid pathways, and microbial quorum sensing
molecules. In conclusion, the supporting development strategies of antifungal drugs accelarate the

process of new drug research, expanding the antifungal treatment options.

Key words: antifungal; small molecule drug; polypeptide drug; drug combination; target
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4~8pgemL ', {UEIMREIEN MEC, =T 8
ug * mL~ '™, Fosmanogepix 7EAA P2 B HY KL 4-AY
PUEEEIE . TEREECME BER A ( Candida auris ) 3%
YepR IR Fosmanogepix AE {35 £ i BBk R JE e
INRIAAFR, SER/NRAYAFGIR] (78 mg kg™ !,
TEH 3, 100% 7% ), I 2R/ N U IE i
FOHNI A7 B . Fosmanogepix 5% 1 T E B 2550 A,
DVEMEAT. SR, A RES R I,
WRF SN B2y, e W R R, 5T
% Fosmanogepix #4745 M1k, i —203k15 T
APX2104 5254

112 p-1, 3-#RWEA MBI H 7 AR Z R
B-1, 3- HRBEA BRI Z A R B ATy,
FY) AT LA SR L AR M RE A e B B . R R
RRWIENGIRMEFH T 20 4F, SR, fR5eiie
R R 2 M, . R R
KW E L5 (rezafungin, WA 1) BB AFE A
eSS T B EE M NPiRRERE, H
FLIF ) A A R ot 2 T SR T S A AR
XL BUSERAEE M) MIC < 0.008 ~ 2 pg * mL™ ', X
2% )& (1 MEC < 0.015 ~ 2 pg » mL™ ', XJ iV
ERPE MIC{E55% (0.5 ~2pg » mL™ '), {HXFEREK
BERL ™ RIS R NPT B T R, TEA
A 22 P B TR R AR 25 B 1) G2 D RE IR /)N BB
A, LIS W R D 2 2 LA A P R
i/ NRAEAER

Ibrexafungerp (UL &1 1), X 4 SCY-078. MK-

3118, J&—FPHi I =28 -1, 3- A MG U
o T AMUIG IR, 76 G AR 2R
A L A M AR RICR P i 2hne it B g
B, ATER, 2507 XS MA R RIS YA L
A TARKHGHE ", Tbrexafungerp 47 E2FF 4 H—Fgr i)
BB RG] 1, Tbrexafungerp %45 Fh & EA H 8 1
ARETEYE, AR R R 25 89 FKS1 Fl FKS2
FRAFIR DL BRI 250k . IZ 2PN Bk B A
PUEBEIEE, [FRRESIN AR P i i

113 JUTRARANEF  Je T s EZ R E—IM
fa5E 251 ( Streptomyces tendineus ) 5125 H AWBEIE
Bitr, fefgse gt LT A gL UDP-N-
CBERTME R, MM 43 18 JL R i I 335 B B N
T B B AT R () EE BN LT RS A R e T E
& Z (nikkomycin Z, UL 1) TEARPIIMAA BRI
PURLERTE TR N7 R 2EAE BTG E, X R 2 e
AH— W, MHSERE MIC,, 32 pgemL '
R R Bk . o S R 0 1 e Y g
FO05ug e mL BRI ER ZXILT A K
AW FANHIVER T AR LI s i e ok &
A SR, T G RIS AIESE T Je il 8
R Z Ik,
1.2 1EF T 4y

Oteseconazole ( VI-1161, UL 1) J&—Fpa] LR
FIPTE 259, AT LA RS A I A R 22 R
B CYP51 (K, <39nmol*L '), {HXf A CYP51 &
M AE . VI-1161 7] LUk i YY 20bE 2 BH P R
YRR (vulvovaginal candidiasis, VVC), T
HOUFECRE CYPS1 B BE e e, REsRE G0 B ¥O 25,
W3 5 SR AR S A AR AR = Rl VT-1161
X B 22 BEBA Y MIC {624 0.001 ~ 1.0 pgemL™ """,
H5MAIRIT VVC 259 R MEAR L, VT-1161 1Y
MIC{HEA, JFHEA T2 U
1.3 Zokrtkh sk 44 Al
1.3.1 T-2307 JF55Epk T-2307 (WL 1) BPTE TS
LGSR EE . M5 EMEEKE R, X UM 24
PARIFREA R M RGP e O T Al 5 Aot
FLR 259 PN, A A Wim it 2 e s R P 24
MERE R AN AL, el AP A2 RN
fk, HLZE YT HEA SR ™ — Bk E]
FLREAEA, T-2307 £ ZHNHINEE Lk iR E &
YITTAN , BERZRi R AL " %A AE AR
T I ARAR AT FR e A2 Pk R, IEER TR 1T R
R
132 AHFAEWERH AHF4ARZE H (licicolin H,
JLE) E—FhREILEY, 58 AR T
( Gliocadium roseum ), ¥IEIKE . SHEMIEE
HATWEE, MIC 735124 0.1 ~ 1.56. 0.01 ~ 5.0, 0.08
ng e mL " AL AW A FAIL S 0 i L ik
YA ER bel M IREFAOC [ E (1Cs) H
2~3pug-mL 7. eI, XEFLEER
H A i Ml R Bk g B, i K Rk AR 5
M AR /N BY X e ZE R I AT AR T R H B R
b e NN EALY SN
14 # 5 4 RIE A

BHBM (LI 1) 2 AL i th ok i)
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BIE A ] B 25T BHBM R4 %
BT EAARAE A D13 (LA 1), DI3 ZEKSN I
PRI B BT L T M, FERREREER . &
R R R B A0 R AL Fp R R T BHBM™Y,
1.5 Hfhikfz

151 FVEPIEREZSY)  Turbinmicin (WK 1) i
FISAE A S S, B & BT RR L 2 S A g
PEMEE *7 . A BF5E %M, Turbinmicin BLA K419 %
SEVEMBEREE, H I EhT SR Secldp, HEHI
SISO 12 D EE BT, Turbinmicin X5 UL
FLA, WA RemERE R BRI, Ll SR,
PP BERE ( Candida tropicalis ) . WA EZE . He T
JE AR B & L S 2 2T 25 BU B, #3 BHh Adg f
HIVER, X2 25T 25 B 2Kk I B11211, Turbinmicin
B MIC{E 4 025 ng » mL ™', f& TR 25 A i
HEB (MR MIC > 256 ng » mL™ ', WPEEE
B MIC Jy2pug s mL™ ") ¥, HABGESIF LS.
152 AR-12  ZERHEAG (celecoxib ) 744 AR-12
(ULIE 1) B % R 8 R ) (protein kinase
inhibitors, PKI), H#I1E AHL MR 29E47 T 1
BIIG RIRES (FFE WS NCT00978523), J54ehfot 3
B, AR-12 o] LIFD ] BB P Y S e A A B,
NI SR A K, AL LB L B
FIGEER A 22K E S (i &) P, AR-12 5
TR BRE R A5 24 W FE AT LA o IR L T X e 28 2 Wy i 2
O]

1.53 VL-2397 VL-2397 (WL 1) J& Ak (6 T 41
%% ( Acremonium persicinum ) 7325 ) —Fp IR IS
N =22 = R N AR S D B s S R e S AT
2, B gor R a8k 5z 14 1 (siderophore
iron transporter 1, Sitl), A3 sh#%iz )ik A H
PN, ATLARIR I . AR . BRI A
BRI RRER A N, R B AT SR R A KT
TERCHEN ZR, BRERIR B IR REII &5 & T oot
AR 8 M DA B 5E Hh 3 38) L TR 0B P I AR o Tl
FLE W A AN ELAS Sit], VL-2397 435 53X F L
HIEANARGHNE, PRt VL-2397 7] i HAT B IR
Sk B AL S IR 5 2 BT R R B,
VL-2397 5 9 ER 2 B oe RBUR, ARk &Y
AS2488053 1 T EHT EL B I PEREAE Y. VL2397 1
fa G I F AR TR Sz Pk KAy, pEhiEad 7 1 3 R
REE B, ERAZRFFEEK, VL2397 1T IG RIS
BeiaE k. R, VL2397 V3R B R R —
AT MR ML BB B T R 259

1.54 Olorofim (F-901318) Olorofim (JLIE 1) &
BT B TE 254 orotomides HP 1 — F g B A% B A
WP B 25, A R A ) i A )

1406

WA A FLIE R A . Olorofim X A& 2K 14 &
BOATEVE, ABAEVRSIXT 25 T T R0 At X nafs A it
25 14 5 D95 I L T L B A RIVE . AR AR R,
olorofim 7] LIFNHIFELHIE ( MIC,/MIC,, 1y 0.06/0.25
ug emL ') F1Z 7= 5 BK # (L. prolificans )( MICs,/
MICy, $70.12/0.2 pg » mL~ ") FAER ™, JfFH AT I
il 22 PR B A R T A

2 B ER%

2.1 /NEEFL (berberine ) BX 4 & EE " ( fluconazole )

INBERRURBOE . WAE) EE Sy, HA YR
Ve I 11,7 = L AN 1= B = 2 (9 2 I
BERF AL AT AR AR, (RIS g2 B,
MICTE 10 ~ 160 pg » mL ™' /NEEGR 5 SU3eme &
I XoF R e i 245 T ok TR 1 AR e R e BC T T v B
AL AT B 2 J6UHE W B A% 3 3 411 o) 0 | 22 Ay
HS WY A B, o8 20 P B S M L DTS Bl
BRI AEE, 4 0 /) B B E TR AR I DY A ik
FE, /NSRRI A B S AR AR B
2.2 FiHZ% (caspofungin, CAS) KA Al B F 4k
( ribavirin, RBV )

CAS ZHr— L E A Y, (HEX CAS 251
HR I ELAEIRIR P, CAS BEA RBV REAREN
il R 2L B RE B, PRIRSME S R R, 5 RBV Bk
A1 FH I, CASHI MIC )N 0.5 ~ 1 pg»mL™ ' T [
#]0.0625 ~ 0.25 ugemL "', PHFEIFEEL (FICI) < 0.5;
CAS 1Y) sMIC (sessile MIC) M\ 0.5~ 1 ug» mL™ ' &
#]0.0625 ~ 025 ugemL~ ', RBV ) sMIC )\ 4 ~ 16
ngemlL ' FREFE] 1 ~2pgemL ', FICI<05, 5
RBV HLZ5IR77 Fl CAS M2y  #H L, RBV + CAS
B TR YT AL B 2250 N 24K B o b B
23 FHREH G 4SS (auranofin) B A ik
( pentamidine )

WAt PR —Fh b R R 225, 38 IR T
HURAA 2, AR EA R, —HARH
TIGRPUEEIRYT . T4k, R AR LI E L
WA E Y AR, SO X BL B 245 (1) 38
BEHIGIN; WHXGR 25 S S PUT R TEAS R Y
08 4 I R AT T 00 I o B B T 25 9 A AL
SIS AR ) MIC{H ] 1250 ug e mL~ ', {H
SIS HG , MIC 3 313 pg » mL™ ', 3%
T 245 P13 ) () 2 5 s T LA kg i B B B 2 A
PAEH IR
2.4 ¥ %% % B (amphotericin B ) Bt & ent-hard-
wickiic #

Wi 7 & B I ent-hardwickiic i 9 Fi fk & 4y ik
B e 25 BRI 2 X IR 22 B R Y MIC L,
PItERE R B AY MIC DA 16 pgemL ™ ' [&%) 1 pgemL ™',
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Fig1 Chemical structure of novel antifungal drugs

ent-hardwickiic fig 1) MIC M\ 12.5 pg « mL~ ' [ 3
625ug mL ', 1pgeml 'PitEE £ B 5 6.25
ng * mL~ ' ent-hardwickiic RIS FZGHELE 4 h
RIC B L2 TR A, 7T LI RGRTT PR L iEbE
B AR B

3 MERAYRNEHTIE

3.1 & )& (fluconazole, FLC) 5 4k %8 # (&
( novasomes )

20 K 2% 0 2 /K (novasomes ) i AR J& IGI 5
BEF AN —Faus T4, HTMsmasnsd
RGWA BERBCFRAC R @, WF9E &3, FLC
59 Kk #0254 10 57 FN7 B AR 4 10 B A
F, 8 h PR M () B AT 3k 96%.  E £ KT
R 22 W B R AT R AN LRSS P, FNT 1 MIC
H1.56 mg e mL o HAHEREME, KIEAY
PR 28R A A s S X BRI RIS 1, FLC 7
12.5 pg»mL ' FlE FREGEINH] 31% M EEAE K,
YRR B AR, MR T A [ e
My C = CHE, AVFHAEDIE A BB & 48 5
S AR AT, PR A B T A LR A R 2
HERF D), XASAOK L EAT T & PR R AR
Mo 73—J5T, TERERI A ARG B2 =204
P A= AR T, X AT BRI S IR e B AT P

BEVEFA A B,
3.2 A& ar EEe (luliconazole ) 3 M 44 K £ K

5T R X 22 PR TR R 7 B A LA I P
YER, #¢35[E FDA HLHEF TRl 25 P . SR
M, A SRR AR B B S N, 75
PR 2525 A RESE TR AR R LR . oL
J5RE M F LA R 6 1 3R 1T o R R RS A T 2 PR R
PEE BT E TR R, R 2 mT LR
F A £ 2 B, Kapileshwari 25 M0 il £ 1 11 2%
PRI AR R RIS LA 5, 5 ST RN (1) 35385 AR B )
], Baghel 45 " WFFT T 67 3840 K 45 44 B I 28k A 1)
IKEEIE AR ST L B DAL, Dave %5 ™ il £ T REHY
S8R Je) PSSR 5 8 T 1) P ST R R T AARER . K Y
YER 25k REH T IRFANRYY, RENEHS Bh 2P
AT BT, ELA T A 1Y B R i TR AR
FH, 38 2 T R 25 0 0 4 B ORI A R RV
AR TFHRFRGRIRTT P,
33 RGAEOHEHALEEB

PR R B 2 — P ML 2 R B R 25,
SBURSTE o N [ | WA N {2 1 DS 76
T, AT B R TR 400 M B 1) 5 e, o) T 0 T R
WHEA ) ZMEHER. HEWHEEZR B HIRASZ T
We, K 2 I 75 2 5 S PR A e s o R R
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HIT & i & R E R B (CAmB, MAT2203),
e S PIPETE R B YIRS 285 FeshWiisi
B Y CAmB SR T2 A 4L 4053 A A A
MALWBEER . R P EFT & 200,
400 F1 800 mg CAmB ) T #1lf K58 ', 200 mg
1400 mg FYFIH T CAmB HAT RUFIOTH 20, %
WL BN E B RO, 7E 200, 400 Al
800 mg 7 & 2H 143 S A 6% . 38% Fll 56% F) &
AR B RN, AT, AKWEH] CAmB HA ™
FEA R R i U
4 FATHAAFENERERAYRE S SER
4.1 #HAKFTE B 90 (heat shock protein 90, Hsp90)

Hsp90 J& B AW — R EZ A T8, A
PEERAMIERITE . 3% . SR, S
A Y Hsp90 REAT 25 b 41 il EC . (H el Tl L3
Y P AFAE Hsp90, BEFEMEREZEMY Hsp90 H05
X FL S A AR K . R T X — [R] R
— AT DAE S G5 e, e e XS LA Hsp90
VEREME S AL B S — Tt Rl DLE s BCA 2
B 77 2R AR Hsp9o #1071 i FH =, D B AR s
Ftk. WF5TFE U Hsp9o #1771 T $12 w5 F5 B s Y 7
B, PR EAeT: R B R . LIEA Y B2S
e, BN —JEHT B EL B Hsp90 150, 59K
SRS A R EEVER, BEA B IRHE 1Y
WHFLsh P aErk, ERAML R B R
PE I & BT 0B T O B 3L 3h P 4 e
R PR A BT Y Hsp9o # i 75) ™, slifr A B2 % Jin 1
G EINENMENCELTLY 8
42 Hp®RF

B AE [ a0t 2 M Rh 2 W (GleCer ), LIS 0%
PR P 22 Bk e (TPC ) A1 H 535 05 AL 1 1l 12 o 2 I
(MIPC ) 1RRERFEIREM Bz — 1, X2
THEEWAK., s bR E 2 CEEWE
FHET, M2 A (CerS) 2 H B 20 1y 5 5
TR F, CerS & i3k PR i) i 2 m] LA 34 B 41 i
TS ¥, CerS Ml REFE L & 24 5 B it - S 5L
TP R E R B, #pa) EpE ih EE EL Sh
CerS WAL B YA BN —AH BT HF 259 -
4.3 A B LT

A EL BRI, 20 PR A0 B AR SRR O AL il A 9 2
HLRGBEWI, T2k T Ka i RE AR R 1 il 43
. MR FE AL IEE S 058, BHEES
T AR AR 5 43 F B i = Fhad A2 0 i ik 9
AR, BRI IR R B T, IR AR ek B A T8 B
& AR FRHR IR A SIS GE s R T, W]
DL ST 25 PE 0 7= A4 ™ st E BN R, Tian
2 PO, REMAIERI K Qsp1 X B 1R Bk BT G

1408

A EENHEER. Qspl 25 H A7
ORI R 4 R, R0 38 2 4 A B ORI
SRR AR R R . AN, Qspl 7E R PEA:
FE B sh AT P R S EAEH . T Qspl 15
SIS AR SR BEFE P Y T Cqs2 2
5T Qspl X SEA B AN R A 5 A IR 45, Cgs2 iRt
R2THBRH Qspl I =R Z L . ik, FF
KAEH T B E AR 4 F 259, sOFmensa
SABHWT EC B A e AR, NI A ST EL A
5 RE5RE

VAR, BB B () A RN AE T R AN
T, BB ERE YRR a e AR . LR R TR PE
EB WG ZRE, VR FIPL A 55 T 30 1 5 56 40
JRORE | ARMEE . 2Rk . BENE A BGR TR DL I A —
BOSERR A (L 1), SR, Xeefb &Y EIE
FEIE AR RIFFE B BeOE s BT i/, H it
ol IE AR TF R 1 K 22 B2 AT 98 S s 8 U 1 o 28
Ay (SN . VT-1161), HAEHIHLSI
S HAER F eS8 A HZE 025 E, K
WU T REAF 6 A SUTR 25 4 ) AL, s BB 0470 L 1 2 fF
KB Y R R 2 T A . O BUEIE PEAS
5, X A] BB R ZHCA PLE BTG L A Y e
EATF R EEIRH, R A YA B BT E
WHESHAAYMYEERS TEASY, T4
IR A YIRS s @ Ui s = (5,
PO EC AL A a0 SRR I PRIG Y7 ME B2 K A9 T 24 1R
ol UL B A B R NEYE, A nT RERk it — 2 oF
RNPLEFE Y, (B RS YA b s P Mt
BRI O T e = A B, IR AR XE B R 245 T K 1)
etk &9 @ FPEsRIER R, BEEEEZ
gifE Y, Szl e FIE v s, Wik
BB PTE R AE PR 2 i L sh P i it w1
TR A P S R R EA S R s LB
A B B ARG st , AT RHE EAVAR S A KA
BRMEM, S1EY0PT B E G A, i
RSN, R AP BT LIS @HL
WA, L&Y BB B AE LS AS B B 2 5
Wi 25 4 o L) — X A, PRI X I8 s B A A
BURIAL &Y, TE290F & il E A ZE bk, ®
TR HE AL R R, Hr2h T & 7 AT B &
AR AR B AT, Rl 2xt T 1.1 288528, Sk
AR 25 ) BT R AAR, (AR 25t Kk
WA GE— 4t RE RS EA, #RE
TEAIEZE . A, —set SR 2
YIRE & B UERR,  HL 28 & ) KRB RE 1% 4 3 5
Wi 25390 () e R IR B R RE
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Tab 1 Novel antifungal compounds

AW B MIC/ (pg*mL ™)  MEC,/ (pgemL ") FE L] HEMRE S5 30k
fosmanogepix  HEIR R 0.008 ~ 0.015 — U Gwtl i, FLIEHEEMEANE  THIRK [8]
e s - <025 7, TRIRECER A0 RE S A
W — <025
HWEArH - <025
EEHEWE - 1~38
WERNE — 4~>38
TG bl B proe 3| 0.5~2 — il -1, 3- WHRMES U TG R [8]
PR 22 B 1A <0.125 —
thEw R - <0.015~2
ibrexafungerp  JEHF SR 0.016 ~ 8 - i p-1, 3- FRAMEG T3 1 PR [14]
(SCY-078) PR 221 B 0.016 ~ 0.5 —
- AR 0.016 ~ 8 —
Pty IR 0.06 ~> 8 —
= AWre? N7 0.125 ~ 1 —
eV EE Z AR - - SEARHEIIHDLT B E L UDP-N- T Il R [16]
( nikkomycin Z ) B 22 5] T - - CBEREIRERE , LT A AR,
Bk 32 — ) LT AN B BE R A
VT-1161 Sl EA 2837 0.001 ~ 1.0 — 0] R A A i IR [18]
T-2307 BRZ2BERFR 0.000 25 ~ 0.0039 — PN AE SRR E A MRV, TR [20]
ST AR R 0.0039 ~ 0.0078 — 2782 TR LN AR VA
ERtNINT | 0.0005 ~ 0.002 —
T R R 0.000 25 ~ 0.002 —
AT R 0.000 25 ~ 0.0005 —
BRI ER B 0.0078 ~ 0.0625 —
i 0.125 ~ 4 -
KFLHEH BERER 0.1~ 1.56 — LR AN (238 bel i il T [22]
(ilicicolin H) B ZERIB 0.04 ~ 0.31 —
BIRAE 0.01 ~ 5.0 —
e 0.08 —
BHBM IR 0.06 ~ 1 ( MICy,) - BN NENGSE E) ISR g SeeaY 23]
D13 Pe[pi] 582G 0.06 ( MICy,) - T EL AR 105 e GY [23]
BIRAE — -
it 53 ) — -
turbinmicin i 0.03 ~ 0.5 — HILI] Secldp, WISHZEEA-FMHZET)  IRRATHR 24
Wl 0.03 ~ 0.5 — fie
WERNE 0.03 ~ 0.5 -
BIRER 0.03 ~ 0.5 —
STk E BL1211 0.25 —
AR-12 P 22 R bR 2~ 4 - T 2 BEEG A 5 | :ulfi77 [28]
ST SRR 4 —
BRI BER T 4 —
VL-2397 VL) 0.06 ~ 0.5 — W B IR AR 1 L EshiEimi Ty TTIRIR [30]
T A o 5 0.06 ~ 1 — A F A (B&ak)
AR 1~>16 —
paliik 2~>16 -
iR 1| 025 ~>38 —
(3L AliiE 16 ~> 16 -
it YAl 025 ~> 16 —
BTRA 1~2 —
BRI ER B 1~2 —
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&gF1
L&Y B MIC/ (pg s mL™")  MEC,/ (ng*mL™") L HAPRAE %30k
olorofim FELZHMB 0.25 — R ) e A R A . TR 8]
ikt — - AFLIER I A
Z P REER TR 0.2 —

T (Note ) = " X AT IR T M ABGE T 000 AR I3, oK X be A

activity, but not its antifungal activity ).

LT Ao A R YT A #, BRG
PR —FRE R R BB 250 A T Bl BRE 12y
TEl R LRIz, mpirEs = B 5 5- i
WEWERK G NG T BBk R, PR 25 WK T BE A
BB SR AT ORI AT DU 4525 )
AR BREAS 2R 3005, DI 2k 32 a2 25 4y 2 i A T Y
FLAY s TR, 255 -t R Rt/ 25 Wy soph 1
FT IR R 25 [ Sd i R A 25 iR, BIER
CiEA N GOEE /LR e e FRICER /0 Vs
FC 11 258 25 OB A AR FR AR, AR5 S 3014
Cib5e
TR GE 2 BT BT A R — PoRr 25 T A
JHEmS, PIPEEE R B IR AR ok sl — > )
T JE X PR R B IR, AELRIIE
J7 R R I RO T 28 W0 (e R N R A
IR A SR (4 AR 1.1 28 25 Wi A AR5
2R E IR AE -

N R AHTHE AR A B 2 R I . B
250 2R B I A, AR 2 01 A e 1
QUL AT AT, R Mt
KA EAETTIL, PUERHZHER AR A GRS
SEGE SR [ R, Al PRI TR R A
(e Stz
SEH
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CRISPR system in the study of gene function of
Candida albicans

YUN Zhao-lin, WANG Xin-rong, LIU Xin, SHI Qiao, SHENG Chun-quan, WANG Yan', LIU Na’
(Navy Medical University, Shanghai 200433)

Abstract: As an effective gene editing strategy, clustered regularly interspaced short palindromic
repeats (CRISPR) system has become a general tool for gene function research in many biological
systems. Fungal infection is an important cause of human diseases. As the most common clinical
pathogenic fungi, the revelation of the gene function of Candida albicans is the key to new treatment
strategies and drug targets. This paper reviewed the development of CRISPR system in Candida
albicans from application to optimization, from gene knockout to expression regulation, to pave
the way for the exploration of new drug targets via pathogenicity and drug resistance mechanism of

Candida albicans.

Key words: CRISPR; Cas9; fungus; Candida albican; gene editing
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CRISPR/CAS ( clustered regularly interspaced
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PRS0, © M CRISPR FE K & Fl 4 it CAS
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127 o M4 MR B AR DNA #7544 2 41 B
f9FLRZH DNA FRF, CRISPR [i[R] b E 52 st o9l
&8 crRNA ( CRISPR RNA ) Rijfk, ZJ5#it—4
Y1 EIH T8 B crRNA, i orRNA &5 A
—ANEBEFS (] 5 40E DNA FR R BCE AN ), &
W SAHCM CAS AL A E &I 55 %
BAEYSHFA PRI DNA LSS, A 51
TR it 176 B S T A R il ok X A MJR DNA 1
RS EE W24 (DSB ), MR H 33k, CRISPR/
CAS ARG LIS AR T RN Ry oy 2ebrife, Al
PAGT R RIS 220 50N & A AR RO
Pe B MER T 2 AN B AR, PR AL
NARER crRNA-Cas & S &5 RN 5, 1FE A3k
R g T HAR R SEE DRI S, ARSCOGHER
CRISPR/CASY RGH Z LIS, FEAMF T, Cas9 &
175 Z7E crRNA 5 5 BE ) erRNA ( tracrRNA )
LA F R A RE 5E USRI DNA (1938 51 5 52 07
NI & A AL R G 1, 75 % DSBMY. 2012 4F: Jienk
25 U2 R crRNA FlI tracrRNA B4 i— 2% sgRNA
(single guide RNA ), sgRNA 7] LIJili § 5| 5 Cas9 &
FIXTH0AR DNA #47 DSB (WL 1), X FER) 2 E
— L HA5R T CRISPR/CASY & 45 15 Jit [H 4 i v 1) ]
EVEME, CRISPR/ICAS9 RGN Z Mk T H i #k
FRCNTERE, NHRECRH) 2 —R RS,

1 sgRNA FE4E Cas9 FE 10 HARKEE ST U)#1 07R = A
Fig 1 Sketch map of sgRNA recruits Cas9 protein to cut the target gene

1 ET CRISPR RGHEFE R IEREE
1.1 CRISPR 24 ABLBEFHERNEE Y
WK B

Vyas % "1 YOKF CRISPR £ 45 T iR 2
e £ D A 35 DR B o 2 B, AR VRS 8% % P CRISPR
RGN, FRRG Y CUG (FE R 24 B
R B RN L F R AN RS E R ) Bkl CTG,
Wit IE T AR B2 RE R 1) CaCas9 &40 5T
o, AATTLABR A S IRLT (0 R R ADE2 FE R 4D
AL HRETE R U MR ARG, BT T W
AT TR 3 i S R YR T H” Cas9 P

BN “5E; T H” sgRNA FFH 4 Y “duet” 2240
(UL 2A), DIROK BB A —A ook L [R]R
FHEEARIY “solo” 24 (VLK 2B ). T HRZEHE
PG e A R W BTk, R CRISPR RELF
IR A B IR LB R R, IR ENOL
Ja 3T F1 RNA AR (Pol M) 33+ pSNR52
A3 FRIR Cas9 £ AL 53 sgRNA . XA~ RGEAR
Pt YRR EA B E (HDR) MBS,
U AN = L L ATl A N4 o | e (= B ) 2
b 5 A {1 0 o) e PR Gk BB . 45 R R, “duet”
ARG “solo” F G MY e AL R B TE 20% ~ 40%
1 60% ~ 80%, HH 4L T 1% 42 1y ik A 4w 18 T B,
CRISPR R G AR I 15 A AL EOR, “solo”
RG] DU — R AR R TR P A e
TR AL, XM CRISPR R40 0] =k
N FH T 22 A5 0 B Ak B L PR e b . (R ik
Ja PR T R FETHENY CRISPR 2044 W70 i e A
R 2R AR RAEEH, AR
FRAFERE L BRI T e 2 SE R B pty 2 (4 s I

€2 CRISPR RGN I A A [

Fig2 Two different modes of CRISPR system application

A “duet” FRGE, MHBASAE /Y FORL, AT R AL, JF
78 H 0] JE 47 — R P PE AR 8 MR (the “duet” system uses two different
plasmids and requires two steps of transformation and one step of recovery
of resistance markers ) ; B. “solo” #%t, HAlifH— ok, #Hf7—kE%

1k (the “solo” system uses only one plasmid for one step transformation )

1.2 Wit CRISPR £ 4 fifb 7 L £2

Min % 41 B\ " % 38 CRISPR JC {4 AT LA M AX
AR IR P RIL, PFRIFE T — 4Bt
CRISPR Z#%¢, #— N 1 FR 22 b b nd 2 A
Ve, WERE CRISPR-Cas9 2245, Al LIERAE
A B SIR A R IE T RAEER,
MTITAS I P Bl g AR . 12 A B TRl RR 3 #% T ADE2
S AL, FIFH PCR 4 AR Y31 H Vyas [41BA 1)
i FH 9 CRISPR 4 {4 1 (1) CaCas9 1 sgRNA [ %
KB (35 T A ST FIRE ), L
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PR B, LI BETE AT CRISPR 21 175
PR L2 REEE TR R 4 e 5 BJS Min JATBA ™
PL FRPI Sy HARHE PR3 1 AHTR] ) SR 25

F1 iR CRISPR REHYEEILIAER
Tab 1 Transform frequency of transient CRISPR-Cas9 system

CaCAS9  sgRNA  ade2: NAT NAT#Hitktk — ADE2 4ty
FakAMF FakdUE BESR RBUBER BRI

— — + 1.4X10°° 0.0
+ - + 83X10 7 0.0
- + + 83x10 "’ 0.0
+ + + 43%x10° 2.1%X10 7
+ + — 0.0 0.0

7E (Note ) : NAT & Nourseothricin [ 45 5, 1C£ W /K U8 2
YUk, FEARMER AT YPD-NAT [ A v 2B LA AR S £
YPD LW PE7E4, MAALSE E 4 4 0 (NAT is the abbreviation
of Nourseothricin and stands for nurseothricin resistance. The transfor-
mation frequency is calculated by dividing the number of colonies on
YPD-NAT by the number of colonies on non-selective YPD. Each con-

version experiment was repeated four times ).

1.3 CRISPR 4 ##. #71iC H ¥ 5 PCR % & # #
sgRNA Hy 5 %%

Nguyen 41 BAXT 1 {18 22 8% £} TR CRISPR & 4t if
T FG, BBt 7 PR AT LS R s ml 3
PR 2 3 R v B B R 22 e B R R 4 i T
BE BB EARIC Y 7% . LEUpOUT R 4 Al His-
FLP %4 "', LEUpOUT & 4tiE T LEU2/leu2 A
A5, BVEA LEU2 SN B —4E DL B8 Bk (—F
BN UL H S 3R AR 0 S R A X ) . R RS0
i, W58 A BLZE CRISPR 4114 5510 Wil 44 D —
BL LEU2 B B, X PIBE R BErT LA i—A5¢
BN LEU2 SERFF R EAE, A —BE B )Y
G, AR e A4 TR Pk T e N R A R B B SR L
Ve, i B R A A [RIVEPEMBR (ULIE 3A). His-
FLP Z 40 ) & — Fh 22 ZE 45 S5 1% FLP T 241 il &
f) CRISPR 471 5 hric MM bR, B2 S AEdfi A
Y HIS 57 55, 5 — 1~ FLP 5 41 g 41 55 FRT /551 (I
K 3B ). PIFP 2 7E g H 10 SRR RR B Hb Oy
TIRFER A alig e, ErfIA T I R S 8 1
G, BIREN- O REEG (NAT) bric. Cas9 Al
sgRNA FLIRHER MIEH AL ASRR . i TRAPRICHE
AAEHFRIEE [, H CRISPR/NAT #ic i/
UEEAL S B I, PRS2 T B IE Y TChRiC SR 40
Sl

1414

A2 A B AR 5T FR R R FH T —FP PCR 84
5 AR SR S B SR e Bk 3 4 sgRNA (LA
3C), iz sgRNA Al fE— K N 52 il H
L PERETR AL, TSR0 3E o K35 A R 1
FeriRE ORI R BT 3 d, EiE—
P TR AR ROR

3 CRISPR RGiHYiEA

Fig3 Progress of the CRISPR system

A. LEUpOUT % %: ( LEUpOUT system ) ; B. His-FLP & % ( His-FLP
system ) ; C. sgRNA PCR %45 (sgRNA PCR suture ) ; FWD. [ij 5|4
( forward primer ) ; REV. J5514) (reverse primer ).

14 BoFHEH#H - PREFERE

5, XFF CRISPR %ifi & L& £ o4 m
fbiE—25 Mo 55 T CRISPR 2% 1 RE R 4R 80K
Ng A BN " ST R B, BT AR R, FEA
R 22 P B B v, CRISPR % 40 35 K] 4 58 1 50 R AR
KAEE 2R T sgRNA AR R0, wige it
i CRISPR A Gi V) E| Ffe & 548 D AL 43 5 o
IR a5 6 1 (RFP) JE N i m 1 296 6 241
AACRAE Ry A FE N SRR RO A FE A, R4S Fh
sgRNA Jii 3 7 F%E 5% )5 RNA A BR T &, 7E
ADH1 J5 875§l T %% 5% B9 RNA i 3£ F CRISPR
() 58 A8 B8 0 T 10 f%. M 32 5 i (RNA 1
sgRNA R B mpfee e, i (R 22 bk
P CRISPR ZafHR5CRA T HE ML .
2 ET CRISPR Z%rIIESRIERN F

5 A 1) 3 IR 21 4 2 CRISPR R 45| N iE
Hioige. tbokh, mFen s HALA#
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R T IE YL Cas9 (dCAS9) M, FE[]—{o B 385
DNA. RNA FIE 15T, ffif5 CRISPR RGALATL
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RIOEE A0 (FH sgRNA F5) 5 44 pADHI-
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QIS5 07 0 T AR 0 A . R B 42 DL AN R A
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FETE T R B IR, RO R G n] LA
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REAFHHE T JAK1/STATG {5 S 18 B8
D% M2 Y B I 4R RatR 4L

ERSG HREW, GIZAD, EEFD, ZARA', R, KE', EE" (LR ES kL
AR, AL 2300125 2. ZEITE KA FAYFIIRE, A0 230012; 3. P28 #HE HE AR, &8 230012)

HWE. B HKAZZTh3 M2 A ES @B ibedFm & L Taeeg/ERAIE, FHix %
A IL-4 (100 ng » mL ") #lig /s X RAW264.7 B 2m 6., 35 M2 A B iese s, A4 T
RERFH 1,2, 4mgemL ' #HFHH ., CCKS HURZ ZIoTh I E% B mitiE h %
v, AR f A A M2 A E v 40 ik & 5 -F CD206 #= CD86 #9 & %, RT-qPCR. ELISA #:-n
TGF-B1. IL-10 #= Arg-1 %9 & ik ; Western blot # ] JAK1 F= STAT6 BRiifb kA K-F, &R 5
JEF ARG, TL-4 41 M2 R AR AL A8 £ A7 &4 CD206, TGFB1. IL-10 #= Arg-1 ¥ A ik R %I 3
(P <0.001), JAK1, STAT6 it & e K-FEF LA (P <0.001); ZEZHFHhFWE, L
® M2 R ACAE £ AR E D Ao G BB AL KT R E AR (P <005, P<0.001), &it Rz
T8 T AAph) M2 A Evamfatgit, HAFAAUE T AR 5 #4] JAK1/STAT6 1558 %4 % .
KR RE3Fh; Evdmib; M2 BAA; JAKI/STATG6
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Ganoderma lucidum spore powder inhibits M2-type macrophage
polarization through JAK1/STAT6 signaling pathway

WANG Si-wei', CHEN Yun-na’, CHEN Wei-dong"*, WANG Lei"’, WU Cheng-yuan', WANG
Qiang', ZHANG Xue', WU Pei-yun'" (1. Department of Traditional Chinese Medicine Pharmacology,
College of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012; 2. School of Traditional
Chinese Medicine, Anhui University of Compound Traditional Chinese Medicine, Hefei 230012; 3.
Anhui Key Laboratory of Traditional Chinese Medicine, Hefei 230012)

Abstract: Objective To determine the effect of Ganoderma lucidum spore powder on the polarization
of M2-type macrophages and its possible mechanism. Methods Mouse RAW264.7 macrophages
were stimulated with IL-4 (100 ng * mL ') to establish an M2-type macrophage model, and were
incubated with Ganoderma lucidum spore powder at 1, 2 and 4 mg * mL ', respectively. The effect
of Ganoderma lucidum spore powder on the viability of normal macrophages was observed by CCK8
method. The expression of M2-type macrophage surface molecules CD206 and CD86 was detected by
flow cytometry. The expression of TGF81, IL-10 and Arg-1 was detected by RT-qPCR and ELISA. The
phosphorylation expression levels of JAK1 and STAT6 was detected by Western blot. Results Compared
with the normal group, the expressions of M2-type polarization-related markers CD206, TGF-31, IL-10
and Arg-1 (P << 0.001), and the phosphorylated proteins of JAK1 and STAT6 increased (P << 0.001) in
the IL-4 group. After the intervention of Ganoderma lucidum spore powder, the above-mentioned M2-
type polarization-related markers and protein phosphorylation levels decreased (P << 0.05, P << 0.001).

E&WA: FRAKRFIESmIH (No.82073923).
EEEIf: TR, <o, WL, FENERLLGIAISE, email: 1607384912@qq.com BIEIEE: BRI, &, #F, £E
M2 IR, B . S R ZGRESY, email: wupeiyun@ahtem.edu.cn
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Conclusion Ganoderma lucidum spore powder can inhibit the polarization of M2-type macrophages,
whose mechanism may be related to the inhibition of JAK1/STAT6 signaling pathway.
Key words: Ganoderma lucidum spore powder; macrophage; M2-type polarization; JAK1/STAT6
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Peo HILA 400 uL PBS B, i, ALK,
2.5 RT-qPCR # Il RAW264.7 E " %7 i, TGF-S1 .
IL-10 #2 Arg-1 FF 89 & £
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HAA L TSI LER 1,

F1 RNEENSIWFT

Tab 1 Primer sequences for detecting genes

M 719 SIS (5'—3")

IL-10 TTCTTTCAAACAAAGGACCAGC
GCAACCCAAGTAACCCTTAAAG

Forward primer

Reverse primer

Arg-1 Forward primer TGAGAGACCACGGGGACCTG
Reverse primer GCACCACACTGACTCTTCCATTC

TGF-B1 Forward primer TTGACTTCCGCAAGGACCTCGG
Reverse primer GCGCCCGGGTTATGCTGCTGGT

B-actin Forward primer GTCCCTCACCCTCCCAAAAG

Reverse primer GCTGCCTCAACACCTCAACCC

2.6 ELISA 3% # Il 48 g £ ¥ % TGFB1. IL-10 fn
Arg-1 B4 &

B85 35 WS W, 1500 r » min ' B0 10
min, HCEVEW, MRPEAH SO AL, e 20
Jio 3 TGF-B1. IL-10 Fl Arg-1 A&,
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E o 40 i & JAK1/STAT6 & & & ik &

WCSE AN, 0 A 8 Tl 0 500 R P ik
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HE, BFLImAMN A &EA A, 75 VIE K
HL YK 30 min, 554 150 V6 T HL K 40 85 & 1,
22200 mA fEILEE 2 h, FH 5% Wiig4d- 054 A
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HACWE LK (PrEHM B 1 : 1000),
TBST £ M ¥ 3 K, HIK 10 min, FFIA
P (1:10000) =i FHFE 1.5h, PHE 3K, LU
GAPDHE M N & H M, & %4 H Amersham
Imager 600 W% Z 58 ECL s
2.8 SitFhiE

Giite A FR ] SPSS 23.0 BAFHE T 0T, 3
PREE R UIPME £ brifE2E (x£s) R, 4
KH R, P <005 FnEs A5 E L.
3 #£R
3.1 RERBTF W RAW264.7 B v 40 7% W0 &

gEmE 1 iR, SEWHK, REMH
FHITE 16 mg » mL ' B A AE TS SRR R, i AE

0.25 ~ 8 mg » mL ' 1% V& Ji& 11 [l 4 X} RAW264.7
E W ool wite, Bk, 7EfR2esesm it i
REHTR 1, 2. 4mg» mL ' 1EN TAERRIE,

200]
150

1004

Cell viability (")

50

GLS/{mg = mL~")
1 RZEHF R RAW264.7 FLEANMLANMLTE PR 5200 (n = 6)
Fig 1 Effect of Ganoderma lucidum spore powder on cell activity of
RAW?264.7 macrophage (n = 6)
e HIEWAILE, TP <0.001,
Note: Compared with the normal group, " P << 0.001.

32 REHF B RAW264.7 E v 40 s M2 % A
CD86/CD206 1A % 1A i % 7]

S5IEH A0, LPS Jl 35 1Y) RAW264.7 F
I A 25 2235 CD86 (99.5% ), Atk M1 4
M TL-4 31 38 1 5 e 440 i 125 2 38 CD206 (74.5% ),
gt M2 B, R 2Ry T 15, CD206
(BB AN [ FR BE O RRAIG, DB R 22 4673 ] LA
il M2 7S AR A, 25 UL 2,
33 REZH TR RAW264.7 E ¥ 40 i TGF-B1 .
IL-10 f1 Arg-1 Z£ A & 3k By % e

S5IEW AL, 1L-4 241 RAW264.7 FLGE4IE
TGFB1, IL-10 fl Arg-1 fJE R Lk BT 5
L4 IAHE, RZAMAFFBT A58 TGFH1, IL-10
1 Arg-1 PRI F-ROFE R 6k 35 TR, 4555 UL 3.
34 RERHT B RAW264.7 E % 40 i, TGF-H1 .
IL-10 #2 Arg-1 & & W %

K 4 s, S5IEWAMEE, 1044 RAW264.7
i 20 | 35 W Hh TGEB1. IL-10 Fl Arg-1 19 &
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B2 REMTFHIXT RAW264.7 FEEAN IR CD86/CD206 HifA KL (x£s, n=3)
Fig2 Effect of Ganoderma lucidum spore powder on CD86/CD206 antibody expression on the surface of RAW264.7 macrophages (x+s, n = 3)

W HIEWAML, P <0.001; 5IL-4 4, 7P < 0.001,

Note: Compared with the normal group, P << 0.001; compared with the IL-4 group, P < 0.001.

B3 REHFRRT RAW264.7 EWEANIET TGFA1. 1L-10 Fl Arg-1 FEPIFEARYE0 (x£s, n=3)

Fig3 Effect of Ganoderma lucidum spore powder on TGF-81, IL-10, and Arg-1 gene expression in RAW264.7 macrophages (x+s, n = 3)
H: SIEEAML, "P<001; 5IL44HMK, "P <001, P <0001,
Note: Compared with the normal group, P < 0.01; compared with IL-4 group, ~P << 0.01, ""P < 0.001.

& 4 RAEHTXT RAW264.7 B BEANME TGF1. IL-10 Fl Arg-1 S HS0 (x+s, n=3)

Fig4 Effect of Ganoderma lucidum spore powder on TGF81, IL-10, and Arg-1 contents of RAW264.7 macrophages (x+s, n = 3)
T SIEEAMLEE, P <0.001; 5 IL-4 4k, P <005, "P <001, TP <0001,
Note: Compared with the normal group, P < 0.001; compared with the IL-4 group, P < 0.05, “P < 0.01, ~'P < 0.001.
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Fs RZMTHE VAU JAKL/STAT6 8 1=K 5 (x£s, n=3)

Fig5 Effect of Ganoderma lucidum spore powder on the expression of JAK1/STAT6 pathway protein in macrophages (x+s, n = 3)
T SIEFAMLL, 7P <0.001; 5 IL4 418, P <005, 7P <0001,
Note: Compared with the normal group, “*P < 0.001; compared with the IL-4 group, P < 0.05, P < 0.001.
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Effect of different treatment time of combined elicitors on the growth
of Salvia miltiorrhiza hairy roots and accumulation of the primary and
secondary metabolites

LI Jun-ling, WU Jia-hui, LI Yan, LI Hou-xi’er, ZHANG Da-chuan, TAN Shu-ting, WANG Nan,
WANG Xue-yong (School of Chinese Materia Medica, Beijing University of Chinese Medicine,
Beijing 102488)

Abstract: Objective To determine the comprehensive effect of yeast extract (YE) and silver ion (Ag )
on the growth of Salvia miltiorrhiza hairy roots and on the accumulation of primary and secondary
metabolites at different treatment time. Methods After subculture for 21 days, the combination of
YE + Ag " was added to the Salvia miltiorrhiza hairy roots, and the growth of Salvia miltiorrhiza hairy
roots was measured after 0, 2, 4, 6, 8, and 10 days of induction. The contents of primary and secondary
metabolites in Salvia miltiorrhiza hairy roots were determined by ultraviolet spectrophotometer and
ultra-high performance liquid chromatography. Results At the experimental concentration, YE —+
Ag * had significant inhibition on the growth of hairy roots and the accumulation of total sugar and
total protein content of primary metabolites compared with the blank control group (the CK group).
YE + Ag " significantly promoted the accumulation of total phenolic acids and total tanshinones of
secondary metabolites in the hairy roots. The contents of caffeic acid, rosmarinic acid, salvianolic acid B,
dihydrotanshinone I, tanshinone II A and cryptotanshinone were 2.22, 7.47, 2.39, 32.15, 7.65 and 52.89
times higher than those of the CK group. Conclusion The synergistic effect of YE + Ag * affects the
growth of Salvia miltiorrhiza hairy roots, and the accumulation of different components, inhibiting the
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accumulation of primary metabolites and promoting the accumulation of secondary metabolites.

Key words: Salvia miltiorrhiza hairy root; primary metabolite; secondary metabolite; elicitor; ultra-

high performance liquid chromatography
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Fig1 YE + Ag ™ elicitors on comparative change of growth phenotype of Salvia miltiorrhiza hairy roots at different induction stages

K2 FISERMREE

Fig2 Fresh weight of Salvia miltiorrhiza hairy roots
5 CKALHE, P <005,
Note: Compared with the CK group, P << 0.05.
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Fig 3 Dynamic changes of content of total sugar in Salvia miltiorrhiza
hairy roots at different induction stages
e 5 CK4lE, P <005, P <001, TP <0001,
Note: Compared with the CK group, P < 0.05, "P < 0.01,
P < 0.001.
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Fig4 Dynamic changes of content of total protein in Salvia miltiorrhiza
hairy roots at different induction stages

T 5 CKAEE, P <005, "P <001,

Note: Compared with the CK group, P <0.05, "P<0.0l.
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Fig 5 Dynamic changes of content of total phenolic acid in Salvia
miltiorrhiza hairy roots at different induction stages

5 CK g, TP <001, TP < 0.0001,

Note: Compared with the CK group, ~P < 0.01, = P < 0.0001.
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Fig 6 Dynamic changes of content of total tanshinone in Salvia
miltiorrhiza hairy roots at different induction stages.

5 CKAlHE, P <001,

Note: Compared with the CK group, P <0.01.
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30% ~ 40%B; 16 ~ 27 min, 40% ~ 50%B;
27 ~ 31 min, 50% ~ 70% B; 31 ~ 34 min,
70% ~ 100%B; 34 ~ 38 min, 100%B; 38 ~ 41
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Fig 7 UPLC chromatogram of Salvia miltiorrhiza hairy roots
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PFBETA  y=481X10'% — 64.49 0.0625 ~ 5 0.9995
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YIRS

Fig 8 Dynamic changes of content of 6 secondary metabolites in Sa/via miltiorrhiza hairy roots at different induction stages
A WMMERR ( caffeic acid ) ; B. 3£1% 72 (rosmarinic acid ) C. FHER B ( salvianolic acid B) ; D. & /}Z M [ ( dihydrotanshinone 1) ; E. f5/}

2 ( cryptotanshinone ) ; F. F}Z:0 IT A ( tanshinone IT A )
VE: SEspagdeiE, TP <001, TP <0001, TP < 0.0001,

Note: Compared with the control group, “P<0.01, P <0.001, P <0.0001.

3 it
31 YE + Ag TAE x5 B RAR ok £ R
AR B B

YE + Ag i SO PFS TR M Y 15 R 2
FPFSEER R, BOKE FoHEg, X
53R R—2 P PSRRI ER SR R
2 YE + Ag TACHEUREHEE, oA . Kk
iz, PG B, —EHMSE 1 . S ITASF
AR = & B YE + Ag TARbHRES 8 H A
kB E, Ho= & 8t m o CK4my 2.22,
747, 239, 32.15 Ff17.651%. 1 YE + Ag " 4l
PRSP & /i s L, FEAESIERS 10 H,
iKF) 52.89 %, EIGK AN, XK
YE + Ag TRAEUESTS TR ok AR R AR
RARSEFH T
3.2 YE + Ag A S B RAR P Ak £ R
P EERE K R

AR T YE + Ag AP RS BARAR
A=K 5 AR PRI R A A T P AR R 2 B) A B R
FFo YE + Ag TACEEARING] TS BRI

K, SRS RAR R ) A AR SR
BB R TRE, (BT A o i
(R, ELYR AR 4 & B R & A T
RF=Y o BRBZ G, KUY =Y A
AR A T3 A PR . XRIEY
(300 A PR R S U AR AR R B AR G

BE FE AR (R, S R AR (8 W
W, EKREWHN, CK 4 YE 4 Ag T4
556 HIikBIE(E, SILFN YE + Ag 4005
A, AR T RS A 8 H Ik H I
(i (ERHUCEACmMERR . TR . S+
MR B, —ASHEE 1 . IS 1A TS 6 HivA
ARRIFREE )RR, I FLA A R P2 o B e
86 HIK B E, FFSERRAEREERS
o5 8 HURKE, MBS RIRERE, MR AR 8
I AR J5 L B A 5 (L ST I A6 S5 L %
M. kLR, SR B. ESIBE . TS
B TLA 5 R A= 7e5 8 HikBlig(E. LI
EIREN, FFSERAR R A A AR A
P R IS R B AL R

1427



Central South Pharmacy. June 2023, Vol. 21 No. 6

T 222 2023 4F 6 H 55 21 % 45 6 1)

3.3 G
ARSI aE R — D R AE YRR S R T
YE + Ag " BEA T HIREA SUE I IS BAIRMAAR P
RISFIPFS I N IR R . FEBLIERE [, #1257
B T P BARARR A A A AR A AT 2 TR )
AR . TR AR, X
BERR NI A A RS S A, AR TR E T %
FEIE R SR R RE IR NI AE ARG 30

[1] PRy 2020 457 . —&B [S]. 2020: 77.
[2] Mm%, 4REk, JEUKEE, % . M oTRMSIESERR

O L3 B AR W O G B R BRI AR (). P
B2, 2017, 19 (3): 387-392.

(3] #mi&iE, AR, DA PEZXO A B 24 B T SC
BRIFSE [0 R R 2 645, 2012, 7 (2): 93-114.

[4] Xu WIJ, Jin XY, Luo LL, et al. Primary and secondary
metabolites produced in Salvia miltiorrhiza hairy roots by
an endophytic fungal elicitor from Mucor fragilis [J]. Plant
Physiol Biochem, 2021, 160: 404-412.

[5] Ma XH, MaY, Tang JF, et al. The Biosynthetic path-
ways of tanshinones and phenolic acids in Salvia miltiorrhi-
za [J]. Molecules, 2015, 20 (9): 16235-16254.

[6] LiuAH, LiL, XuM, etal. Simultaneous quantification
of six major phenolic acids in the roots of Salvia miltior-
rhiza and four related traditional Chinese medicinal prepa-
rations by HPLC-DAD method-ScienceDirect [J]. ] Pharm
Biomed Anal, 2006, 41 (1): 48-56.

[71 Wang X, Han C, Qin JJ, et al. Pretreatment with Salvia
miltiorrhiza polysaccharides protects from lipopolysaccha-
rides/d-galactosamine-induced liver injury in mice through
inhibiting TLR4/MyDS88 signaling pathway [J]. J Interferon
Cytokine Res, 2019, 39 (8): 495-505.

[8] Moyano E, Fornalé S, Palazon J, et al. Alkaloid pro-
duction in Duboisia hybrid hairy root cultures overexpress-
ing the pmt gene [J]. Phytochemistry, 2002, 59 (7):

1428

697-702.

[9] Maistrenko OM, Luchakivska YS, Zholobak NM, et al.
Obtaining of the transgenic Heliantus tuberosus L. plants,
callus and hairy root cultures able to express the recom-
binant human interferon alpha-2b gene [J]. Tsitol Genet,
2015, 49 (5): 38-44.

[10] k&%, WRFRE . FBFT NS BREPHHIREEY)
PR [1]. b B2 A4, 2017, 31 (5):
91-94.

[11] Yan Q, Shi M, NgJ, et al. Elicitor-induced rosmarinic
acid accumulation and secondary metabolism enzyme activ-
ities in Salvia miltiorrhiza hairy roots [J]. Plant Sci, 2006,
170 (4) : 853-858.

[12] E% 5, @b, #E, % .5 TS ERE
TIPS IS R (1), T E 2GR, 2007, 32
(10): 976-978.

[13] FhAlk, sRAEf, 28l MY ARSI E M]. R
FH: UL I L, 2000.

[14] XVERE, XIFA, E¥2H, & ORFEZ IS HIER S
AROLST E R IR 0] P EBEZS 4, 2015, 12 (9) -
125-129.

[15] EAB . PSP B R 5 AT P Qs SR G
ZHIBEFE D). B PEALRMRBIE:, 2012, 43.

[16] TA)A . A PSP 2 R A A A AR A 52 e S
HLE] (D] BFH : PUALRMBHE R, 2014,

(17] RAW], ZEWEPE, WRHE, F LB EkFdRbE
B R RSN 1] thEZ7E i, 2016, 51
(7): 533-537.

[18] K& fi, #EIGLL, HELr, 5. PSR ERME
R FR AR RS K HT [0 R E R 22k, 2012, 37
(15): 2257-2261.

[19] Ge XC, Wu JY. Tanshinone production and isoprenoid
pathways in Salvia miltiorrhiza hairy roots induced by Ag *
and yeast elicitor [J]. Plant Sci, 2005 (2): 168.

[20] SRMWIG, XU, WXL, 55 S TSR B IR
FPE SR 2 143 AR 2 e (0], i 2 2%k, 2011,
36 (10) : 1269-1274.

Cfis B #: 2023-02-215 4 1E1 B #: 2023-04-19)



RG22 2023 4E 6 A %5 21 % % 6 ] Central South Pharmacy. June 2023, Vol. 21 No.6

R N TE AT O B R B 7EIE P WL S 250 R B A o

RET, ARA, IR, E2B g’ et KAERBT (L duuhESeE d2h ER D E
B 25 B TR A E PRI SR T RS R I TR s, b 1024885 2 B RGBT L L, T
P4 EEMC 541004 )

HE. BY A TREHEF 5 F 48RRI ZIEIRITAAERTG NG S I7 2 BT 9% 0 1k
FAR B A R mh, ik KEARTING GRS BIIF, 52 ERGGRABRIFRE,
BT 36 R KEGG 947, eF k4t ¥efn s Em o379 T A3 A L AR BGINE S 7 2k
WA R AR, RN FEREAT AR (NO) BiE, PHRASEEN, LERLE
I e ARG NGB 0L K AR BRA T AR, Sttt —F s R ¥edn Aty Ok st AT 009, 4551
HEIRIF R EFAR 126 /. KEGG &R K AHRMARENE ST 2 EFHMR SR E . AY 2Rk
A%, b, CREBREZZIK, PBK-AKF 5 @B T AL 2ERNERZ, RELRKR
BR & & %8s (SRC). M@ AT (TNF), g X EKEF A (VEGFA ) ¥ THEZ X4k e
Ao DT BELEREABEKRGREFHHT. KEFTPHNOAHKRBEE L, S EBHBEELR
ST REA G TT TR i 0 AR R R R Sh IR IR E 45 R R IR AR TN 5F T AR 2 RAW264.7
R NO, Rl aF474] LPS #5559 RAW264.7 28 i #78 NO; 38 5% RAW264.7 ta jl5ve 5t 7,
12 3t RAW264.7 28 e M1 B AL, F TR SRC. TNF. VEGFA mRNA # %k ik &, 2h3L 5
BERLTHT. KESE P TAIATEF AL %5555 TF RAW264.7 208 NO 4
BHEVNEBZRRERA AT HER, it AARENEET Z Ry, S¥Rb5. ZARWMEMNS
R IR O RS 0 K AR E, T A JE W R — IR AT AR NG W T 1 BT g a9 LR R
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Potential mechanism and pharmacodyamic substance of Guilin Xiguashuang
for the treatment of oral ulcer

ZHANG Jia-ning', REN Yue', WANG Zi-an', LI Ying-ying', LI Chun’, CHANG Hua’, ZHANG Yan-
ling"” (1. Key Laboratory of TCM-information Engineering of State Administration of Traditional
Chinese Medicine, School of Chinese Materia Medica, Beijing University of Chinese Medicine,
Beijing 102488; 2. Guangxi Research Center for Traditional Chinese Medicine, Guilin Guangxi
541004)

Abstract: Objective To determine the potential mechanism and pharmacodyamic substance of
Guilin Xiguashuang against oral ulcer based on network pharmacology, molecular docking, and
in vitro experiments. Methods The components and potential targets of Guilin Xiguashuang were
collected, and their intersections with disease targets of oral ulcer were analyzed by topology and
KEGG. The key targets were selected for molecular docking with active components to determine
the potential pharmacodyamic substance. Finally, the anti-inflammatory and immunomodulatory
effects of Guilin Xiguashuang were verified based on nitric oxide (NO) release, neutral red
phagocytosis and immunofluorescence, and the key targets and pharmacodyamic substance were
further verified. Results Totally 126 targets were obtained by mapping the drug targets and disease

E&WA: ERAARFESIH (No.82073996) 5 HAIY A HFEHIFLEN AT (No.BUCM-2021-JS-FW-017),
TEE®B M. ke T, &, WA, FENFPE RS, email: zzzhangjianing@163.com  BISIEE . KR, &, BIFHR,
ARSI, EENF Pt Sk . TPEGE AT, email: zhangyanling@bucm.edu.cn

1429



Central South Pharmacy. June 2023, Vol. 21 No. 6

T 222 2023 4F 6 H 55 21 % 45 6 1)

targets. The mechanism of Guilin Xiguashuang for oral ulcer was related to the anti-inflammatory
and immunomodulatory effects. Among them, C-type lectin, PI3K-Akt and other signaling pathways
might be the main pathways; proto-oncogene tyrosine-protein kinase Src (SRC), tumor necrosis
factor (TNF), and vascular endothelial growth factor A (VEGFA) might be the key targets. Luteolin,
sitosterol and other active components in traditional Chinese medicine such as belamcandae rhizoma
and rhei radix et rhizoma might be the potential effective pharmacodyamic substances for oral
ulcer. In vitro validation showed that Guilin Xiguashuang promoted NO release from RAW?264.7
cells and inhibited NO release from lipopolysaccharide-induced RAW264.7 cells. It also enhanced
the phagocytic ability, promoted the polarization of RAW264.7 cells to M1 type, and regulated the
expression of SRC, TNF and VEGFA mRNA. The pharmacodynamic results showed that belamcandae
rhizoma and rhei radix et rhizoma may exert anti-inflammatory and immunomodulatory effects by
changing the release of NO from RAW264.7 cells under normal and lipopolysaccharide conditions.
Conclusion Guilin Xiguashuang can inhibit the occurrence and development of oral ulcer through the
synergistic effect multi-components, multi-targets and multi-pathways, which provides a theoretical
basis for further research on the mechanism and pharmacodyamic substance of Guilin Xiguashuang

for oral ulcer, and possible second development.

Key words: Guilin Xiguashuang; oral ulcer; mechanism; pharmacodyamic substance
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Fig 1 Traditional Chinese medicine-component-target-pathway network of Guilin Xiguashuang

IR £5 H ¥ ¥ ( proto-oncogene tyrosine-protein kinase
Src, SRC). MR ¥R%E A ¥ ( tumor necrosis factor,
TNF ). M4 W A2 K F A (vascular endothelial
growth factor A, VEGFA ) %51 BEJ2HEARPE JRFR IR
JT H 7 10 OGS 5 . B4 TNF L) Je SRC #E4T
X, DURECARRAT/HEVE ke, it E
BEEIETER TR M, X =R I e 2k
TR, 2501 K 2, REBHEER, A8 S
AT BE MY NRRIAYT OBz AZ.O sy, B3
BORIR T HRaEhey, AP AR Y
S HEL S OREL B ILGRTRERR
7 LSt ) s 2
22 Hit¥ &k

K H GraphPad Prism #4588 3-1 74815007
SR x s IR, ZMHEARSEE B SR A LA
BRI 2000r, P <005 FnzEzRrBA5015E X,
2.3 (KA IS I
231 PG PREOR A EI A o AR BURE AR PR I
FE.OBIT. OHERL BB KRB, #. IG R
K4 300mg, 43IAIA 300 mL PBS ¥ f#, 100 uL
DMSO 34 ™, iEiRA), 1 0.22 pm LIS,
4 CIRAF
2.3.2 AN TR MRS RAW264.7 4
ABEFRIE (89% 1 DMEM 15 5% 5 + 10% i 4
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Tab1 Molecular docking and traceability of active components

. — CDOCKER — CDOCKER .
T 2R P S
ENERGY ( TNF) ENERGY (SRC)
KRERF R 28.5058 41.1191 T
RAEER 22.9481 40.7296 line

N 25.3259 38.9681 K
AR 26.8355 38.1128 HE

R - Z AR 28.4405 37.6041 e
KEE 22.1585 35.5004 K, AR
il — 33.3291 e
HHER 21.3571 33.1725 e
EL7ES 22.4341 32.3030 A AN
TIZ4E A - 32.2431 e

R ER — 31.6330 A

A 27.5616 31.2196 HH, W
2AZ5 20.2350 — TNF JRAC A
1YOL — 29.6705 SRC Ji i A

B2 CHESDER 75X R

Fig2 Key target molecular docking model

60 000 4~/ FL i 21 fa 8 5 B2 b 96 AL AR . WER
24 h R A e R RRAE, BORIZH K2 . R
HIMASE IR, BAILIMA 50 ng » mL™ ' LPS
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W RZAIA 6 MRIEM 23R, L
5K LPS WA TR 24BN RAW264.7 4G P 1K)
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FEE 4h)5 72 LIS, WA DMSO ¥l 1
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3 &2 IR RAW264.7 4I0FE 1% 30 5200

WA, R, SR SRR, T
JE 9 15.7 ~ 500 pg * mL ™' 945 T 254 ORG240
TEmST BTN, WL 3, PR e s
RN T IS B2 50T T BT

Fig3 Effect of each traditional Chinese medicine on the survival rate of RAW264.7 cells

2.3.4  FEARPE IR 25880 53 F-HL SHiE

O HEFRPERFE XS NO B iz ma . A B s
MRVEJIFR PR K e e VR E R, AR AR PR AR
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Yif, I NO B R R AF " AR AR
FEAEF T RAW264.7 ANHIRT, B 4B 7 b X) BE 2
MW, X RRAUMASE iR, 24ydtmA
W BERE BE PR AR PE AR 4RO . R NO il ik
FlE M E NO B . 50 BoR, RIS A 7E
250 ~ 500 pg + mL~ ' P AT i 2 A i RAW264.7
AR NO, *FF LPS 551 RAW264.7 41 il
RS D Bt EAE N i EAE V2T 7/ S R L= R4
AGEERFERL, BRIHNA 50 ng e mL™ ' LPS&
W, ZHWILHINA 50 ng « mL~ ' LPS FIHe B B 1Y
FRZG SR IUIIR A R NO Bl R & B AR
PG I 6 7E 250 ~ 500 pg « mL ™' Py A 1) 46 H NO
BIRERL, 45 ILIE 4, BEOREEMIE A HA PR
R AR AL VR

@ HEMRTE IR FE X A RE T A5 . 259
T RAW264.7 4iifdfi5, JNA 100 uL HPE2L A,
37°CHEA 1 h, IMA4IAHRE (LBEER 0.01% 4
fR=1:1) 2@, MR I HRFER,
g5 B UL RS, B ARV IR B B AE 62.5 ~ 250
pg e mL™ ', BEFE RIS, HAERRE
W, HAE 250 pg e mL~ ' 5 %F FRAH Fb A4 A R
R A FE L,

(3) RT-qPCR A AR A 238 - X “2.1.2”

1432

A4 PR RAW264.7 411 (A) J LPS P51 RAW264.7
4L (B ) NO Bl A 52w
Fig 4 Effect of Guilin Xiguashuang on NO release in RAW264.7 cells
(A ) and LPS-induced RAW264.7 cells ( B)

T SRMEALE, TP <0001; HEIAA L, P <005,
#p < 0.001,

Note: Compared with the control group, P << 0.001; compared
with the model group, P <0.05, P <0.001.

B S AR ST RAW264.7 AN EEIERE 1 A5 R
Fig 5 Effect of Guilin Xiguashuang on phagocytic activity in
RAW264.7 cells

T SXHRALILEE, TP < 0.05,

Note: Compared with the control group, P << 0.05.

5 3] 1Y ¢ G B FR TNF. SRC LA M VEGFA ik 17 56
Mo WF5E K TRIzol P42 HUE RNA, fifi FH s 5% 5%
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AT RO %, SR O E iR & A
M OCHHEARTE RAW264.7 4IfI 223k, 519151
W2, 55 6 Fron, SXTRRALL, HEMTE
JNFE R BURAE 125 ~ 500 pg » mL~ ' N AT & |14
RAW264.7 4l il i) TNF. VEGFA } SRC mRNA [
Fikir, MAELPSiA TS, RAW264.7 4iffirf TNF

K VEGFA mRNA (1) 5 & b H, AT N5 7
125 pg » mL~ ' BFATFEAR TNF mRNA ki, 16
125 ~ 500 ug * mL~ ' P &g Z ] VEGFA mRNA 11
Feik. HEMAEMRYE A AT 3@ 4 F TNF. SRC.
VEGFA %M N (9T R R e, %
FE 7 BB AR

F 6 HAMPE X RAW264.7 41HE%F TNF. SRC. VEGFA mRNA Fik (U521
Fig 6 Effect of Guilin Xiguashuang on 7NF, SRC, and VEGFA mRNA expression in RAW264.7 cells
A, B.LPS %S9 RAW264.7 411t ( LPS-induced RAW264.7 cells ) ; C ~ E. RAW264.7 4iifiti (RAW264.7 cells )

W SRR, TP <001, TP <0.001, SR LE,

P <0.05, "P <0.001,

Note: Compared with the control group, ~P < 0.01, “"P < 0.001; compared with the model group, P < 0.05, “P < 0.001.

F2 EHWHKEE PCRIIMFT
Tab 2 Primer sequence for real-time fluorescence quantitative PCR

FEA IEMGY a5 149

GAPDH TCACCATCTTCCAG- TGAGCCCTTCCACAATGC-
GAGCGAGAC CAAAG

SRC TCACCGCCTCACTAC- CATCCACACCTCTCCGAAG-
CGTATGTC CAAC

INF CGCTCTTCTGTC- GTGGTTTGTGAGTGTGAGG-
TACTGAACTTCGG GTCTG

VEGFA GGGCTCTTCTCGCTC- CCCTCTCCTCTTCCTTC
CGTAGTAG TCTTCCTC

@ FEMTE I 55 5T RAW264.7 24 i 1% £k 1) 5%
Mo 3 B 2 G S B AS I M RS I 4 AR 12
Y1 CD86 Fll M2 ¥ A ifibRiCY) CD206 Rk
RAW264.7 I 25N B I, 4% 22 R W [E &
15 min. JH 0.1% ) Triton X-100 i i% 15 min, il
A 5% ) BSATEZ R F/EH 1 he Flif5, H CD86
ZyikEpiiR (1 : 500 Fike) A1 CD206 HvifEdiik
(1:500%ikE) £ 4°C FIFELHR. MA—IT (GE
PURAEDTNR) B/ 1 hJE, f#iH Hoechst 44t
20 min, TEDCGCEME WL, R ILIE 7, K
AP TFR AT i RAW264.7 ZH e CD86 #ik i,
X} CD206 [FIRTCHMA . $ 7 AR P IV FR n] e f
RAW264.7 #ififd [ M1 k.
2.3.5 BIEYBERLZEAE EA R EA

7 HEARPE AR XS RAW264.7 AL IR
Fig 7 Effect of Guilin Xiguashuang on polarization in RAW264.7 cells

BER, AR, KER. AREEERSE
HEFENYR. TR, I mE EE
FH U0 R AT X AT BRI

(D RAW264.7 i1 NO Feiltht . $/R “2.3.47
T J7 iR R IE B 245 T RAW264.7 4 Jifd ) NO
B, SXFIRAAMEL, 125 ~ 500 pg » mL~ ' (1)
HE. KE. 5. SEMEHT RAW264.7 4 il
B, NO Bl vl 238, 11 & ARFE 250 ~ 500
ng e mL ' AT VEHL A RAW264.7 40 BT
NO; #AX NO Bt Iesem, T 8, 455N
HEL K, . A, LSRR RAW264.7
B NO, FHUE# B Wk 40 & RAE S,
S 5PUR GRS
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B8 4 2RI RAW264.7 2 NO B 1 5400

Fig 8 Effect of each traditional Chinese medicines on NO release in RAW264.7 cells

T Suadig, TP < 0.001,

Note: Compared with the control group, ~ P < 0.001.

@ LPS i 1 RAW264.7 40 Y NO Bl i .
Rl 7k [m] “2.3.47 WK . SERIHAHE, KRB,
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Ak 2 P A ] SR AR NOs H HAAE 500
ug » mL~ I NO OB, WK 9, FERTEAA.
KEr, B4, BT, IWEHR., HEARShm G
WUARSERE S

Fig9 Effect of each traditional Chinese medicine on NO release in RAW264.7 cells induced by LPS
W SXERALE, TP <0001, SERLHE, P <005, “P <001, "P <0001,
Note: Compared with the control group, ~P < 0.001, “P << 0.01; compared with the model group, "P < 0.05, "P < 0.01, P < 0.001.
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WE:. B HE&EET4/ARBAREHNIEREAR (CP-NLCs) F-atr Lok, &3t 5
B ERRINGMBRRTE R, Fik AFRERNIAAL - 5 /EH R iEH & CP-NLCs,
It aF 4] & 49 CP-NLCs # 47 i =+, @ 3& 4 A & 4 8 424 CP-NLCs 9 Sh LTS & 3 A7
Malvern % %45 B UM & CP-NLCs #9 %242, Zeta o fife % 4 A% (PDI); RJAMIEH %
M CP-NLCs #9 L3t R A8, 25 F; A A E&3) SEMEH R CP-NLCs AR £ 3 F . FHHUR
IR A RINEFAT A R AT CP-NLCs ML A K5k Bk, -F ¥ 4424 38.59 nm, PDI
4 0.217, Zeta v iih— 6.86 mV, CP-NLCs P £ & Z66L31 %4 (99.48+041) %, HHEAH
(13.2610.06) %; #AHskeg L2t %4 (97.28+0.19) %, #HHEZH (6.4810.13) %, 1RIMEK
LI R RE K F R 48 hB3% 69.30%, BB RIE 24 h #5% 68.86%, # CP-NLCs ' 49
2% Z £ 48h W EAHE% 86.02%, CP-NLCs P &9 3 iE 24 h 1 R B4 90.35%., Zit
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In vitro release of curcumin and piperine nanostructured lipid carriers

WU Zhao-li', HAN Xin-yu', TIAN Si-yu', ZHANG Cheng-hao', REN Jin-mei’, TANG Jing-ling'" (1.
College of Pharmacy, Harbin Medical University, Harbin 150086; 2. Qingpu Branch of Zhongshan
Hospital Affiliated to Fudan University, Shanghai 201700)

Abstract: Objective To prepare nanostructured lipid carriers co-loaded with curcumin and piperine (CP-
NLCs), and measure their appearance, encapsulation efficiency, drug loading and drug release in vitro.
Methods CP-NLCs were prepared with emulsification evaporation-high pressure homogenization method.
The quality of the CP-NLCs was evaluated, including observing the appearance and morphology of CP-
NLCs by transmission electron microscopy. Malvern laser particle sizer was used to measure the particle
size, Zeta potential, and polydispersity index (PDI) of CP-NLCs. The encapsulation efficiency and drug
loading of CP-NLCs were measured by ultrafiltration centrifugation. Forward dynamic dialysis was used to
determine the in vitro release behaviors of CP-NLCs. Results Transmission electron microscopy showed
that freshly prepared CP-NLCs had smooth spherical particles without aggregation and adhesion, with
small particle size and good dispersion. The optimized CP-NLCs demonstrated mean particle size of 38.59
nm, Zeta potential of — 6.86 mV, and PDI of 0.217. The encapsulation rate of curcumin in CP-NLCs
was (99.48 0.41)%, and the drug loading was (13.26+0.06)%. The encapsulation rate of piperine was
(97.28 +0.19)%, and the drug loading was (6.48 +0.13)%. The in vitro release showed that the curcumin
solution released 69.30% at 48 h, and the curcumin in CP-NLCs released 86.02% at 48 h. The piperine
solution released 68.86% at 24 h, and the piperine in CP-NLCs released 90.35% at 24 h. Conclusion CP-

HETIHE: BRI KRS E (No. H2018013) 3 MA/RIEERIRZ 23R A8 W AA H4 T H (No. 2019-JQ-03) ; Il X
BHE L REEATTH (No. QKY2019-18) 5 & HIR2= & i 1l B Be 5 43 B Be 8 ( No. QYP2020-03 ).,

EHE B SO, Lo, TR, FEMEHMGY RIS, email: 2942593301@qq.com IBIEIEE: R, &, #
B, WA SIN, FEAGUHR YL RS, email: yaoji636@126.com
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NLCs have small particle size, high entrapment efficiency and drug loading, and has sustained release

effect and can greatly increase the release of insoluble drugs.

Key words: curcumin; piperine; nanostructured lipid carrier; in vitro release

3 2 (curcumin, Cur) 2 M ZEEH R ZE
PERCH B Z By By, Y SR I BT R A
FER U (HREEENKIEMEE, OREY
AU AL, 1 EH e P-#idH (P-glycoprotein,
P-gp ) MUY, [DRILIG AR 2 EIRR & o 5
ta, (piperine, Pip) JMEAMUEEEY), & 1EN P-gp
TR SHUMIRE 25, RIS SR BTIIE 25 %)
iR 240 R 4 1 S0, R &5 A8 i 2844 (nano-
structured lipid carriers, NLC ) J&& ] P J@ Fin]
A=W R Ak A T AR R TR A B
gk A E S R e 2 5, ek
I R B R AR S B ARSI IR %
TR K - o TR X5 B ) A 2L 22 W 3 S AU Y
YUK ZERRR Bk A, IEXTHE B R T AT
B, SEIRRCEELS . B Em . SRR TR
R P K I3
1 NE5IKH
1.1 #

BSA124S-CW BIHL 7K [ T8 I B2 4X
v (dbmt) AR A ]1; KQS200E = H M 75 I i
eas (Rl A (S A RA ) s XW-80A 1Y
JEWS IR At Q[T LR s AN A8 ) 5 HZQ-C
DR G tr (GRET R FEARIF LA
BN F]) 5 Nano fC5 i 3 BT bl (L o 3 o A4
B AR ] ) 5 5430R GG # &0 pL ([
Eppendorf /A &) ) ; NanoZS90 Y& 5 ki 45 43 #r 4%
(3% [# Malvern 23 7)) ; Agilent1260 Infinity ¥ AH
i (3EE Agilent A F] ),

12 R

LW RITRZ (4iF = 95% ). HHHEE R R
2 (4= 97% ) (KIERCEVHAGIRAH) ;
KEwE (LA EARHEARAR); H
BRI Hm R [k (L) R ARAAE
SR /2R =R (M TR S AR TR T AT R
INFE]) s MR 80 ( Tween 80, KT & A 41k
TAHRAF); TKOEE CREH R 7225
HIRAFD) ; WHEE (ks (R & 1Sl A bR
NE) s ONE (3B al) (R HETTRHE BR AL 2 1)
AIRAT]) 5 HAphiatF0 A rat .

2 HEEER

2.1 CP-NLCs Wy #| %

A SL UG Bk PR R ORE IR TR H Il IR (glyceryl
monostearate, GMS ) FI#IE (lecithin, LEC) /E
REARR T, “EwR /258 H = (caprylic/capric
triglyceride, GTCC ) fENWAAPEF, LA Tween 80
YERFULAEHR, sl FIEZE A - R A 4 CP-
NLCs., FRt—E&H GMS, LEC, GTCC & T/h
B, RS PRI — %2 HL il Cur. Pip, JIMA 3
mL JC7K L BE, AR 5148 Bl ok 35— W AR S ik
Ao KA R FFoIAGE B () Tween 80, [] it
TnFGHAR SKAHZE 55°C, TR KA Tt
PR, AR, $EFE 15 min 22k OB,
AT R RS, 4 CHRREfLEITS CP-NLCs, 45
P45 1Y CP-NLCs AN TEE , BAsH
R, HAE 4 CEMTHCE 24 h JE /MR TEAE
2.2 CP-NLCs #r45 . BALFR SN A B 0 2

FH Malvern Nano ZS90 43 #14 ill] % CP-NLCs
(AR NOREE 43 A . B 10 pL () CP-NLCs, g
EKFEBEZE 1 mL, M EFEMSM P, 2 CP-
NLCs fkife, SCIRss L& 1A frn, CP-NLCs
() 34 ki 45 R (38.59+0.75) nm, £ 4r 8 & 5
(PDI) 4 0.217, ¥ CP-NLCs F— K73 S 45 4
FHAFE R B, E 2R A,
ERE PR B LA, AT, R A
Afdiflirh, o6 bAES ST a, BIVAT R4 B
M 5E . 455 W& 1B ff s, CP-NLCs [ Zeta Hi{y/
Jy (— 6.86£0.09) mV, ¥t CP-NLCs Hif —/E
LT o BT 1] 45 1 CP-NLCs i (10
fH ) TR S N b, A SR T,
BT AN T WA TSR, AT LA e A
) CP-NLCs #1 W kit W 1 S BROIR kL, BE A2 4
N, CREE SRS, 2R E 1C,

23 CP-NLCs# 24 & (EE) 5@ # % (DL) 1
=

AT 45 3 5 CP-NLCs, 3 1 H g 550 ]
%€ CP-NLCs ) EE F1 DL, 1% JH & 50 Af £ 3%
W (HPLC) ket . HARLERITT . 2k
I H 400 uL CP-NLCs & T Millipore I (#
B4y 100kD), T 4°C., 135001 *min ' 5%
R B0 30 min, B 10 pL 38 O EEHR B 100
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P 1 CP-NLCs [RifE . Zeta HLA I S B0 52 45
Fig 1
microscopy image of CP-NLCs

A. Rit% (particle size ) ; B. Zeta Hif3/ ( Zeta potential ) ; C. 3% 5 Hi 5%

[€] ( transmission electron microscopy image )

i, it 0.45 pm APLIERE, WGIUE)S g HPLC
SrHr, WEIF A RIS 2 (Wyw)o
HPLC W& B A B vk B, AP HE £ 155
R B (W), JFEH T HMAR
TR ER (EE) Mgz (DL ).,

EE (%) = Wu/W 4 X100%

DL (%) = W /W gy X 100%

H:HAr, EEJj CP-NLCs ¥ 7 Cur, Pip 6
B %, DL N CP-NLCs % ¥ * Cur. Pip 1) %% 2}
5 W AT CP-NLCs IF % Cur, Pip 2
5 W Ml 4 CP-NLCs LAY Cur., Pip #2548 ;
W e N2 NLCs ) R i .

% Fi HPLC #: 1l %8 CP-NLCs "' Cur, Pip, 43
Mromke @bt Stk R . iR Roetk
KA IR 45 6 Tk K . A Cur 19 EE

Particle size, zeta potential and transmission electron
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S (99.48+0.41) %, DLK (13.26%0.06) %; Pip
() EE >} (97.2840.19) %, DL N (6.48+0.13) %,
2.4 CP-NLCs 4N K
241 35 M %M Kromasil 100-5-C18
(250 mm X 4.6 mm, 5um); Fishtl: 25 -4%
VKIS TR IA W (60 : 40); Ji#: 1.0 mL » min ™ ';
e 25°C; kR 20 pul.
242 WIRAIECH

@ 25 IR Tl 20% ZBEFT 3% Tween 80
() PBS ¥ (pH 5.5) #&H, FIF g Rl A2
T

@ X HE AT K% FRAE 2 mg 1) Cur, 1 mg
Pip 235 T 24> 100 mL &3, AR 20% &
FisFll 3% Tween 80 ) PBS ¥¥I (pH 5.5) fE%E, HI
320 pg » mL~ ' Cur X FE A BECFD 10 pg » mL™ !
Pip X} B i BV

@) FEMIR . KR IURH 1) CP-NLCs TR A&
W50 UL, EARZE 10 mL IR, Sk, Bk
WS,
243 LEMEIRE  H2427 TR 4 R R,
IR R, BT EmE. S
TSN 2 s, BERU BT i) o B R 2
ZRlde X RE 5 A B AR B, B i HL
AT Cur 5 Pip W& HEME, UEIZ A&
JE
244 LPEXRRZE B 2427 T T Cur X H
i VS VR RN Pip X BRI, 43 FHRS T A o i
M 0.2, 2.0, 5.0, 7.5, 10.0, 12.5, 15pug*mL '
F) Cur i i F10.3, 1.0, 2.0, 3.5, 50, 6.0, 7.0
ng e mL ™'Y Pip . #% “2.4.17 TR S A,
MR REI ISR A, DUETIRN (A4) MOALFR,
itk (C) ABARFRIE Lk InIH, 2ty
o Cur XHRSHEIE AR 4 = 78.922C — 10.708,
r=09999, FW Curff 02~ 15ugmL ' fifg
MBI S0 ARG R R AT Pip XFHE
VA M T RE R 4 = 31.276C — 1.4991, r = 0.9998,
FKW Pip7E 0.3 ~ 7 pg e mL ' JREREEREN S
U TR FAZR M 2R B
245 AEEEAK HBIRHAM (2.5pug e mL ),
1 (75pg mL™ "), & (125 ug s mL™ ") 3 Pk
Cur I KA (1.0pug»mL™ "), # (35ug mL '),
B (6.0 ug e mL ') 3 FPHEBERY Pip B, 1% “2.4.17
TR R A RE L. 1 d IR, . Sk
MIRESL 5, BUH KGR, 5 dNRNEHEIR.
R BE RO RE A, BRI H (EORS R 25 R AR 3 Ak
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B2 ZEHE . WY HPLC &

Fig 2 HPLC chromatogram for the determination of curcumin and
piperine

A. 25 1R (blank solution ) ; B. ZEFE X IR N ( reference solution of
curcumin ) ; C. §IHUBEXT I i (reference solution of piperine ) ; D. fit
il (test solution ) ; 1. 22852 (curcumin ) ; 2. WIHAK ( piperine )

J& Cur #1 Pip BRI H N AN H [BR% E RSD Y/ F
2%, FMTEIIREERF TR

24.6 [FIMGRLS  WEHGE &R B, N
AR Cur XA, HI4K (375 pgemL 1),
H(6.0pg s mL™") FIE (7.5ug » mL™ ") 3 Fhffis:
WREE () Cur 5, RIEHI AR (175 ug = mL™ 1),
(2.8 pgemL ) FIfE (3.5ug e mL ') 3 FhikE
i) Pip %We, A HPLC 43#T)E, 1144 3 Rk s
M, 2R 3 Ak BERY Cur AT Pip G [l
WCRITE (1001+2) %, FEHITEMEICRRF &
SN R IEER

247 RUEMERE  HURE SSWTE 12 h N B
B 2 h PERE—IR, 24 h I FERREERE, 20900 542
Y Cur F Pip [UETEIFR A, FIl 4,, SRHeBEVETT
T RSD, FHERIGCEREM. THIEMS, 24h
P Cur A Pip F 505 AR PR B0 25 1
RSD 73511} 1.6% F1 0.89%, BV W E 24 h
Je X H B TERE N

2.4.8 CP-NLCs [ {& 4} B¢ iU ifF 58 CP-NLCs f&
AN TCSE R IE 0] shAS BBk . LR A
R FAVETE S AR A 3R 2 % 400 VR IR, 6l
% Cur 5 Pip IR M AT RR 4], EHEpHSS WY
PBS % WAE R B T CRE A o s e U 1 2%
1), LACRASEAL g A R PE R B . BEH I mL
il i) CP-NLCs ¥ Wi 2 191 5 Ab BR AT 1 — bt ¢ B 1Y
BEATAS (BB T 8000 ~ 14 000) 1, %A
CP-NLCs Ji7 [& % 75—, T A% 200 mL 4 i
BErRrf, X B F2 [R50, A1 e b e e
o R ZF R S 065 20 42 I 42 e A R IR e b, R
B 37°C, #3100 remin~ ', 7£ 0.25. 0.5, 0.75.
1.2, 4. 6,8, 10, 12, 24 1 48 hiKF BT
MRS H 1 mL B, TRl #h AR AR R 25
ARV . WRUH HPLC MAERES, 0 st i)
(] s X oy Y TETAR 4, AR AR HE T I A i
YR, T BRI .

SRR (0,) KBEBBE 2 (0%)
A LU AT R A

n—1 n—1
0, =V(C, 4 T.C)=V,C,+V LG,
0 i=l i=1

0% = 0,/0,X 100%

Hop ¢, i 78 ¢ Z Cur, Pip B9 %2 ¥ B, C
g ¢ B2 Z /i E B Cur, Pip WEEE, V, Azt
IMARERAATR, VvV RARRBATR, O, MilEiRET
Y5253 Cur, Pip B& . (RIMBEECAE S 1) SR BURE
T 2 WL 18] 3. Cur %5 W #E 48 h BE i 69.30%., Pip
VS WAL 24 h BE ik 68.86%, 1 CP-NLCs H1 ) Cur 1£
48 h N 2 FUR i 86.02%, CP-NLCs H [1Y Pip 7 24
h N RBUREI 90.35%, #HLLTF Cur, Pip %k, CP-
NLCs {250 T MEAME25%) Cur, Pip ROBICE .
3 itig

ARG FLAZE K - m RSB BTE R & T
CP-NLCs, FF#% 7%} Cur. Pip YA B s E
) GMS. LEC. GTCC {E Mg EL Y, L)
TRUERB R Z 254, SC8e AT CP-NLCs AURL
124 (53.724+1.43) nm, PDI } 0.208, CP-NLCs
HA /MRS, BN NLC (RSH/NF 100
nm ) S HAR Y R B a2 AR, R B R AT
) g R ar O FR 2 As % Y CP-NLCs | Zeta
B — 6.86 mV, il CP-NLCs A —E M) fiH
fr, N fERCE SRR EARR . Vi, AT
CP-NLCs 1Y fi 7. [ CP-NLCs HA K #1492
i SR, RIMREELRR S R E W] CP-NLCs
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13 CP-NLCs ' Cur (A), Pip (B) 7£ PBS (pH5.5) HufAsIEE
otk (n = 3)

Fig3 In vitro release of Cur ( A ) and Pip ( B ) in CP-NLCs in PBS ( pH
55)(n=23)

HA—EMZRAE, JFRe 8 & s 25

ARSI HRECE 4, T AT MR AL A e ik

W22y, e T Ay RE; JFH

Pip FL.F Cur B, v LA S bR w5 25 1Y

IRITRCR .
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HWE. B BFASARIUABEFEL N (VOA) 525 L47" 4E R4 & VOA-Tan Il A F 544
k%L (VOA-Tan TANE), &AM A (Tan) 93hr B EEfAHA R E, FiEx @i
th =LA E # Z VOA-Tan Il A NE #9 Z A 7 ; MK VOA-Tan TANE #9442, w45, HBRA
RIMBE R L, KRB CCK8 3 % VOA-Tan I A NE KSMUIEAE B (C6) At 1 B oo fixs B [
T+ C6 sty Ve . 2530 F 1 EH VOA-Tan TANE &9 A A A E, R a5k
7% VOA-Tan I ANE #9424 % 3 2 8574 (28.90£2.01) nm A= (0.14+£0.04), eL3FFA
(96.581+0.26) %, Z4#354 63K, VOA-Tan [ A NE 894k 9854 4B, R B E4
) Co K (H IC, 154 TanlT A 49 0.18 4% )., 2354 R 27 VOA-Tan I ANE # AUC, _,
K Tan TARST 25745, 418 VOA-Tan NTANE A#IEZ T Tan [ A RN Fh 55 45 A Ao ik
N AWA R E, A2 A Tan [ A JuER %% 09 37 2 49 K0 7
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Preparation, antitumor activity, and bioavailability of volatile oil of Acorus
tatarinowii-Tanshinone || A composite nanoemulsion

FANG Liang"*>*, CHENG Hong-yan"”>"*, CHEN Wei-dong"*>>“, PENG Can"*>*, ZHANG Cai-
yun"*** (1. Anhui Key Laboratory of Pharmaceutical Preparation Technology and Application,
School of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012; 2. Engineering
Technology Research Center of Modern Pharmaceutical Preparations, Education Bureau of Anhui
Hefei 230012; 3. Collaborative Innovation Center for Anhui Genuine Chinese Medicinal Materials
Quality Improvement , Hefei 230012; 4. Engineering Technology Research Center for Modern

Pharmaceutical Preparation, Hefei 230012)

Abstract: Objective To prepare volatile oil of Acorus tatarinowii-Tanshinone Il A composite
nanoemulsion (VOA-Tan Il A NE) by combining the advantages of nanoemulsion and “up-priming”
effect of volatile oil of Acorus tatarinowii, and improve the anti-tumor activity and bioavailability of
Tanshinone Il A (Tan I A). Methods The optimal prescription of VOA-Tan Il A NE was determined
by pseudo ternary phase diagram. The particle size, potential, morphology, and release of VOA-Tan
I A NE were measured. The in vitro anti-glioma (C6) ability of VOA-Tan Il A NE and its inhibitory
effect on C6 cells under the blood-brain barrier was detected by CCKS. The bioavailability of VOA-
Tan I A NE was evaluated by in vivo pharmacokinetics. Results The prepared VOA-Tan Il A NE
was spherical and uniformly dispersed, with a particle size of (28.9042.01) nm, a polydisperse index
of (0.14£0.04), and an encapsulation rate of (96.58 0.26)%. In vitro release of VOA-Tan I A NE

HETH: “HERHTEALTHH (No.202203a07020031) ; A HE TR AT H ( No.KJ2021ZD0065 ),
&R 5, o, Uk, FENFPERI L 25 2 AOESY , email: 1932703517@qq.com  BIE1EE . KE
=, &, WU, FENG G SRR K 2508 T4 5T, email : cyzhang6@uste.edu.cn
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showed sustained release effect. The /Cs, value of VOA-Tan I A NE on C6 cells was 0.18 times of that
of Tan I A. VOA-Tan Il A NE significantly inhibited the growth of C6 cells under the blood-brain
barrier. Pharmacokinetics showed that AUC, _ , of VOA-Tan Il A NE was 2.57 times higher than that
of Tan Il A. Conclusion VOA-Tan Il A NE may effectively improve the in vitro anti-tumor effect of

Tan Il A and in vivo bioavailability, providing a novel nano preparation for brain delivery of Tan Il A.

Key words: Tanshinone II A; volatile oil of Acorus tatarinowii; nanoemulsion; antitumor activity;

bioavailability

i J2 T 2 e AL D M A P 28 R
e, BT BRRE . AR, FARY)
BRIGTT FIAR G AL PRI EAS SR Y T i 5t s
(BBB) MAFTE, REMTRIGIT 23 GEA 3L
WEAR P, FEEETA (Tan TA) 2230
FEIEMASY, BATZbE . brEf. P
TOEEZVERT B, 4RI, Tan 1A BOZKIAMERG. 2F
e A R T AR B R A B

GRFLEOEAKAR . TiAH . (Bh) SR g v
15 Y LR B IR 580 R GE, vt 25
TR R E R R, 5 T K s R i
PEZ R 258 1 AR FLIRIM AR AL vT LA fin 254
Xof i =6 20 004 PN B2 AN P 2 A Ay, T 3 T 1 5
Al FEAIC BBB I P- M & I X 250 A HE, T 4R
ESL7/1E0] it LR G

heia B RA YRR Bl EAT 1R
i, b2y 8 i ez Y, A E W%
KM (VOA ) 2A1 B R T 55 19 = 22580807,
T a- YIEREE . B- AoE kAL 2E s P VOA H
gLyl BBB, [HlAF il ek HAb 259 A U
A EH FEH TR IX RGN, TR
i RS AN AITIRE, R EAA — BT AR
UL FER EIG R A B - PR LEA TS R
Hifi o & AR Z ), SEIRTT AR R S R
RS, TiHEPHRARAEH -5
g, $#em T PZBa808 RN A A E

A FEE A 9K LI AL M VOA “51 2 1
77 AER, T A BEE R - ST A
EEMAKFL (VOA-Tan TANE) LI$2E Tan TA
AR EE TR YA, BURGEUNT .

1 ##
1.1 k7

FFZEMAERZS (TanTA, JEHAYH AR
FRRAF, 4ifE>98%); FFZET (Tanl, 40
HAEYIRHEAAIRAA, 4= 98%); fEHTEL
(R EASD ; PEEH W =0E (MCT, R4
VIHAREBRAF) ; BELKEMIM (CEL, BHL
THALRHEARAE ) s 1, 2- T8 B (FE258EH
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AT IR A F] ) 5 iR -80 (2 sadh A bRl
AIRAF) 5 F12 15575 (Biosharp 4] ) ; DMEM
Regredt (PR R AR A FRA D) 5 D
( Biosharp A ] ) 5 JRAF-ILIE (RRIEAEDIAFRAH])
F s gkl a3 o et
1.2 &

B AR5 ( Thermofisher 23 F) ) 5 =
RO AR O FEAY (25 E Waters A 7)) 3 BB ES
DAL GHRE AL R EAER T R A BRA R 5 i
FRA (FEBR QIR BHE AR
1.3 L5 sy

R R B TR A i (6, P [ U A R
AR PR Ao R U B0 A P R 20 i
(BMEC, ™ EFRAGE LA ), @5 SD K
F (180 ~200g). flFEZR R (2 ~3.0kg) [1LT
KA LB ARBRMABRAF, L8P r=iFn]
WES: SCXK (i) 2020-0001],
2 HES4ER
2.1 VOA-Tan 1 ANE 4| %
2.1.1 VOA-Tan TANE#I& HFEM®LE KA
BUIBE R R A AR AL MY T AR IR A A
VOA FIMCT (1:2, ww), FEIEERA CEL,
Ph s 1, 2-9 %, SRJ5% Tan TA
I RH RN 2 i 0 P A IR SR P IR A A,
FEX SR R R A KA GEBZEIK ) .
212 fh=JoHHIEI B2 K 3R s R S B
L rER R (K,) 151, 2:1, 3:1,
4 VIRE, FRERGRIEER SRR K,
(1:9,2:8,3:7,.4:6,5:5,6:4,7:3,
8:2. 9: 1) IRENHANKM . HITE LT
B A b, DLHAE . ZKAH . TR A2 i )
FAERR, 2l th = oo, SR ME 1 s, 4
K,=1:1, K,=4:10JIXEERHA=JcHAE,
TEK AR 3 0 1B, GORFLH X S AR i K. [
M, AWFFRESE K, (E R 3 0 1, IAANRE SRS
PRI N 3 2 7 VENJG4E VOA-Tan 1T A NE AOFAR
bJ5, B VOA/MCT/CEL/L, 2- TN % / K1 i &
4016 :032:0.84:0.28 : 5,
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1 VOA-Tan TT ANE fh=JCHIE
Fig 1 Pseudo ternary phase diagrams of VOA-Tan Il ANE
AK,=2:1; B.K,=3:1

JC VOA Y FFZ1 T A 99Kk %, (Tan A NE)

il £ Ak R SEF iR 4b T, MCT/CEL/1, 2-TH
/KRR 0.48 1 0.84 1 0.28 : 5,
213 WrERERERFEE B HAKERAE, 535
ZARPE . T P Tan 1A $25E X 9KEL
MBI AR T2 B Z 80 (PDL) MIsem, 45503 1,
A1 245558 4 300 r » min ', JELEE 35 CIPRIAR A
PDI ¥jfie/N. FERIEE N 0.3, 0.5 mL » min ™ ' i
RLAEF PDIEE /N, DTS 48 B[R] b R 35 in 3 13y
0.5mL *min 'c 7F Tan MTA 258K 3 mght, AF
4 VOA-Tan [[ ANE i PDI /)y, R ZEEaE, Kk
LR %L, 145 VOA-Tan [T ANE BHET 2
Wi K. N 300r e min ', WRIEHN35C, %
JEREH 0.5 mL « min ', #2584 3 mg.

#£1 AEEZEKTET VOA-Tan || ANE g94I12F1 PDI
Tab 1 Particle size and PDI of VOA-Tan |l A NE at different factor levels

S HiA% /nm PDI
M /I C 25 40.6741.13 0.296+0.022
35 29.604+1.07  0.097+0.001
45 30.52+0.99  0.114%0.013
55 43154329  0.262+0.007
I E / (mLemin ") 0.1 47.46+3.74 0.473+0.010
03  2753%0.170  0.17040.012
0.5 26731074  0.13240.012
0.7  37.28+253 0.363+0.010
B/ (remin” ') 100 42.35+1.93 0.280+0.004
200 3026146  0.12540.013
300 2938+1.67  0.09440.008
400 39.85-120  0.26840.001
2 /mg 1 38.09+1.43 0.259+0.007
2 48214506  0.330+0.032
3 40.134+449  0.248+0.007
4 42704236  0.274+0.002

2.2 VOA-Tan Il A NE #y R AEF0 i £1F 4

221 Kiff. Zeta NI AES B A5 mAab )y
T VOA-Tan Il ANE B F-¥hite R (28.9042.01) nm
(W 2A, B), PDI Y (0.144+0.04), ZetaHi i
(—4.61£0.16) mV., TEM M%< VOA-Tan 1T A NE )
e R RERIE, W1 EJCH A, 2558 0K 2C,
AL, VOA-Tan Il ANE RifR43 0%, KNS,

2 VOA-Tan LA RPRIARIMT (A). Zeta L (B) KB L BE
#(C)
Fig 2 Particle size distribution (A ), Zeta potential (B ) and the

transmission electron microscope of VOA-Tan IIANE (C)

222 EaRAMEMGE (DSC) 408 HUE & Tan
TAJEEZ, SAYKIL. ZEAYKELS Tan TAJR
BZGYFR A9 &% VOA-Tan TANE, 1E25~350C
#E47 DSC43#T, FHEFIHEEE R 10°C » min ™', 45
WK 3 fr7n. Tan ITA JBoR257F 218.17 CbH —4
FEIEIE, 25 FIGKFLTCEREDE, Tan TTA FIZS 40K
FLEIY PR A YIAE 214.16 CWRELE] Tan 11 A FR{FI4E,
I VOA-Tan T A NE W 7E 113.17 C H 30— 5 0 55
fiEW, Tan I AFFFIGEIEZRG . UARHATISE BTl & T
VOA-Tan TANE, Tan Il A 8622 TH0KFL A, FIAL
—HYIAE

3 DSC A%

Fig3 DSC analysis

a.Tan TA; b.Z5FA49KF]) (blank NE ) ; c. Tan IT A FI%s (A4 KF Y
HR A (physical mixture of Tan II A and blank NE ) ; d. VOA-Tan
TANE

2.2.3 VOA-Tan TANE & W5 # VOA-
Tan 1T ANE BT 4 CUKFGAF 4 HHTRe %
g2, 0 R RS SR AR, RN 2
ffi 7R, VOA-Tan I ANE 7£ 4 C & 1F F 617 4 J&
RIARIEANAS | PDI AL B RASE AN B, el
TS S5 PR M R
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£ 2 VOA-Tan Il ANE 7 4 CTRIRIE (n = 3)
Tab 2 Characterization of VOA-Tan || ANE at 4 C (n = 3)

A a] / KifR mm PDI (33 /%
1 29.9841.64 0.134:0.03 94.5541.12
2 30.7140.52 0.1320.01 93.5940.94
4 31.7340.61 0.1420.02 93.1041.06

224 Tan DA FEMKSM RSSO €
ik, f43%4 . WondaSil Cyg (4.6 mm X250 mm,
5um), MK 270 nm. JEHAE R HEE K
(80:20, V/V), Vii#: 1.0mL * min ', F:J&:
35°C, #f#Ear: 10 L,

225 AESRIE  RAHMIEE.OEIE VOA-
Tan TANEBE R (EE% ) : K% = HL 0.2 mL
VOA-Tan Il A NE % & #  J5 B 1.0 mL & T JE
BT, 30001 e min ' B0 10 min, JER LR
JGUERE, METFE Tan TA & (W), BE®%E
B 0.2 mL /1) VOA-Tan 11 A NE ¥, 25 &
L, A YRR, 193] VOA-Tan TANE H
S Tan MA &5 (W) EE (%) = (W, — W,) /
W, X 100%, %% F: 457 19 EE Jy (96.58+0.26) %,
VL AR RE AU AU 27259 Tan TTA.

22.6 IRAMNBECWESE  AE % = B 1 mL A9 Tan
ITA. Tan Il ANE 1 VOA-Tan Il A NE % i 43 5]
BTBEA&YH, T8 100 mL & 1% it i -80 11
FORA T (pH 7.4 B9 PBS) BOBehr, 37 CKI
PR (100 min~ '), 435 7€ 0.083, 0.167,
0.333, 0.667. 1. 2. 4, 6. 8. 12, 24 hHUkE 0.2
mL Jf[] 5 b FE A R AR BRI o i BORE i ok
JE e, 4% “2.2.47 R &k RE, 1155 Tan TA
W, FTERERBEBEREDE (Q): 0 (%) =
fexy,+ (¢, + ¢+ + C_,) XV, t/
MX100%, XHC. C. C_,. CHil N1,
2.0 — 1, i BELEBEHN Bh Tan TAWEE, V)
PRFBEA FSARFL, v, ARFFTEURE SR AN, M
RFLY) Tan ARG, MK 4 Bl SR nl
M1, Tan TAYE 4 h N JL T B L 90%, il VOA-
Tan T ANE 7E 12 h N EFE i E 4 65.8%. AL,
VOA-Tan [l ANE 7ERIMNE G2 R

2.3 VOA-Tan Il A NE & 5h 370 jt 8 7% o1 %

H T B KA Co 4 i i it 3 AL 5 2R 2= 96
LR (5X10° 4~ /4L), B F 24 h )5, SLHA4%
FUMAF R 259 (n = 3). B8 24 hJ5EAFLINA
10 uL CCKS8 M, #KEEMFE 0.5 h )5 & T HbR L
(450 nm ) FRZMMSECREM (4), THE AN
ROMAFTE R (%) = (Aps— Awe) | (Aopy—
Aggr) X100%, Ho A4, 0L S A0 44 A
8, A fCRYNMINZS AR A8, 10 Ay
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4 Tan A Ml VOA-Tan TANE (B (n = 3)
Fig4 Tan Il A release profiles from VOA-Tan IIANE (n = 3)

RFETCAMM A2 BT AMH

gERANE S frs, 25 A8k F 4 i 8 e
R, IR T 85%, ULIHIZEK L 4,
TanlTA (ICy, = 12.65 umol * L '), VOA IR &
(ICs, = 1335 pumol L™ "), TanllANE (IC,, =
4.16 umol*L ") 1 VOA-Tan Il ANE (ICy, = 2.25
umol » L~ ") X} C6 U4 — & fimiIfER, Jf
S PV B AR i . Tan 1T A NE Fl VOA-Tan 1T A
NE X} C6 4 jg 34 54 B W i 3 i 4E H , Tan A
NE HI VOA-Tan Il A NE i ICy, {8 43 %] /& 4 Tan
ITA /033 4% F10.18 f5. 5 Tan TA. VOA J&
Tan [TANE#H ., VOA-Tan I ANE X} C6 4 Jifl
HeE A RE 1 fe

K5 Tan AW, VOA ¥, Tan Il ANE 1 VOA-Tan II ANE
XJ C6 ALY AR R (n = 3)

Fig 5 Effect of Tan I A solution, VOA solution, Tan Il A NE and
VOA-Tan IT A NE on the cell viability of C6 cells (n = 3)

2.4 VOA-Tan Il A NE 7 (& 4 i i 5 [ T 470 A8
& WA R

2.4.1 BMEC/C6 HH5FEEI Y H I BMEC
4 7 AR A BBB AR AL M, PLAEFL 2 X 10° S 4H
%% B Fh T 12 FLAR Transwell /NS 1, ELGH
5~7dJ5, fIIAFH{E TEER, 4554, TEER
N (243.04+8.75) Q = cm’ (n=13), & T 200
Q +cm’, FHAS BBB R HE 7 K ), R,
¥ C6 AR AE S — 12 FLAh B gt e, Kl
£ BMEC 40 J}i i) Transwell /NZE 5558 21537 C6 4
Jafy 12 fLERH, #3547 BMEC/C6 i 3md U9,
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2.4.2 VOA-Tan II A NE 7€ {4 #1 1fiL i 5# B F ¢
Jih 983 1% PR PEAY  BMEC/C6 Hhd% 35 & 24 h ),
S0 F =AY 25 YR E 24 he RH
CCKS 7 I 45 2H Co 4Hj G 71, Z5FRaniEl 6 fr
No 5 Tan A% W AH L, VOA-Tan I ANE fg
FAREsE BBB, 6l A5 BBB T C6 4l
AUME5E . i, VOA-Tan 1T ANE A% Tan 1T A
i BBB, AR T8 E I m iaiReh ik, $E e
J2 JE TR I 4 o

K16 Tan MA¥% . Tan Il ANE fl VOA-Tan Il A NE 5% 3% 24 h %}
CO6 AT AR (n = 3)
Fig 6 Effect of Tan II A solution, Tan Il A NE and VOA-Tan I ANE
culturing for 24 h on the cell viability of C6 cells (n = 3)

B 5 Tan AR, “P<001; SXH4UHEL, P <005,
P < 0.001.

Note: Compared with the Tan Il A solution, ““P < 0.01;
compared with the control group, P < 0.05, P < 0.001.

2.5 VOA-Tan Il ANE # %4 HAF4)

251 IMAERIBEPESLE: RBRBEVL AL,
HR A B FR kS AH R 25%) Tan 11 A J VOA-
Tan IIANE, 7 H-Z%#bkiE 546 & A BLER KAPE h
X, BHAZA 1R Gl 2.6 mg » kg 1),
2L 3 d. B TR —IRG 25 12 h kb, HUA
S A 0O B ) TR B A 1 em AbZH U EA T HE %
R, W 7 Fis, 28 OO BRI A N RESEFE TG
W LT, A A BEER KO B AR AT TR 5
I Tan 1T A dIMAELINN, & BN G LT AE
F B R R AT . IR EL 200 B A AR T A R
VOA-Tan Il ANE G BA/ R RN, 8 RE &S
JAREASE -, KW HALI B 5%, Ui VOA-Tan
Il ANE ‘Z4VERts, ol ke 442 .

252 WIMMESLE:  fESCEeh, BAIYEXTERZL. FH
PEXT BB 20 43 0 AR BRER K . Z8IRK AL B, B 2%
GBI A S BEER K . 2RI 7K RN AS ]
W [ VOA-Tan TANE ¥ (3.125, 625, 12.5,
25,50, 100 pg - mL ™ ") B LEH. IREGEH
BWEE 1, 2M4h, SRJ515001 min~ ' B0 S
min, T 545 nm AMIGE 4, AR NILF

K7 ABEEUK. Tan TAVEW . VOA-Tan Il A NE #3255k M
YA HE Jt

Fig 7 HE staining of venous vessel sections after administration of
normal saline, Tan Il A solution and VOA-Tan [l ANE

(HR), HR (%) = (App— Ayparne) | (A pypngin—
Apypa) X 100%.

WK 8 Fir 7, A= FRER K 2H b V8 35 37 W ) T
R, BRI LA A L. B X R 2
R, B DINE, U B 1 40 i 450 I
VOA-Tan Il A NE SZ50 U AR T T, B0 A IS
HLMPIIRE, UEA LB MG, fEAHT
5% 305 [l N VOA-Tan I A NE %5 Ifil & ¥ {% T 5%,
VLR 2 e R, T ke

8 ARHE VOA-Tan T ANE (U IMIE R (A) RIFEIMZE (B)
Fig 8 Hemolysis photos ( A ) and hemolysis rate ( B) of different
concentrations of VOA-Tan [l ANE

2.6 VOA-Tan I ANE #2453 8 5%

2.6.1 LIV A2 SPF 4% SD KR 18 H,
RTESE 12h, HAYOK, BEPL N Tan TA R
B254H . Tan TANEZ, VOA-Tan IANEZH, %
FHREER K G144 25 (%40 Tan TA B FIEH S
mgekg ). A T426)5 0.083, 0.167, 0.25. 0.5,
1. 2. 4. 6.8, 10, 12 h i} [E & ik B If 500 pL,
BLOE B LA

2.6.2 Tan WA ik R HE & RORAH @15
I E: (A% 4 & Waters Acquity UPLC BEH C,g
g4 (2.0 mmX 100 mm, 1.7 pm), FshAHRH
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fiz: 7K (80:20, V/V), W 1.0mL * min ', £
M 270 nm, #EFERE 2 ul, AR 35°C.

2.6.3 MK FES AL B 53k BOR BRI 2K 80 uL,
WKANA 10 uL Tan A, WARAE & | mL 218
BERTE, 3500 r » min ' B0 10 min Ji5 BT
WETEPEF, 37CAARXT. &G MA 100
puL A %5, 12000 r » min ' &0 10 min J5 B
3 W UPLC 23#7 .

2.6.4 FRUERNZAYEST B Tan TT A FRVERE & %
HE“2.6.3” TR AL B S IS F L AT R Tan
T ¥ W IE ) A%, Tan TTA 285 55 46 2 49 351 4 0.025
0.050, 0.10, 0.50, 2.50, 5.00, 10.00, 15.00
20.00 pg » mL™ ' IR EEAR . B R IR “2.6.37 T
FOTERALER, FEHE “2.6.27 TR TR 0T, DA
AL (R) MHPLFR (R = ApyalAra: ) Tan A
W ks AL bR, ZHIbRUERZ, BRI TR Y =
0.1623X + 0.0019 (R* = 0.9997). 4% - 2 W] Tan
T A K BRI 578 346 5 7 0.025 ~ 20.00 pg » mL ™'
SRR R

2,65 SCHASR  MKFEMIEIR “2.6.37 WH kA

L, PR 2,627 IR SN E J5, SRk H Graph Pad
Prism 8 I DAS 2.0 35443 51l 22 il 1 245 ¥ & - Bsf ] ity
RANETTAZ TS5, ERIE 9 K33, 44
FW], Tan 11 ANEZH 1 VOA-Tan 1l ANE 4 4% T
Tan A4, H AUC, /3307 1.91f5412.57 1%,
UiH] VOA-Tan I ANE (AW FIHEER w5, v LIFE
A I T] PR R P I 2R

K9 Wk 45 25)5 Tan ITAYEH. Tan Il ANE Al VOA-Tan Il A
NE FY-F- 8571 245346 5 - Ff 1] Hh 2

Fig 9 Mean plasma concentration-time course of Tan I A solution,
Tan Il A NE and VOA-Tan Il A NE in rats' plasma after intravenous

administration

R3 FRBKES Tan || A BHFE Tan | AWBHESH (0 = 6)

Tab3 Pharmacokinetic parameters of Tan || A in plasma after intravenous administration (n = 6)

5 foad/h Cpro (pgsmL ™) t,,/h AUC, _/(pg=hemL™") CL/L/ (h*kg) ]
Tan 1A 0.083 1.431£0.270 4.609+1.846 3.5754+0.867 4.157+0.884
Tan 1 ANE 0.083 2.06140.482 7.88843.087 6.82341.438 1.825+0.295
VOA-Tan 1 ANE 0.083 2.161+0.462 8.14142.785 9.178+1.485 1.419+0.290
3 %Fig 222 3Lk

R 4l R iy 409 0F 7% Sty U0 R S o 4 2R
AHI 58K 3T V)4 $% il % VOA-Tan 11 A NE 1)
¢ L Ak 5 v VOA/MCT/CEL/L, 2-T .5 /K
i R 0.16 : 032 : 0.84 : 0.28 = 5. i VOA-
Tan TANE 2 EIE, KA/, o4 4%), VOA-
Tan I A NE {& & Bk ith 28 0% ) — & i 28 B AT
Sy, XFCe At BB PR E - . R, 7E
BMEC/C6 85 #2118 % # VOA-Tan [ A NE 7]
H %51 BBB ] C6 BAFH . I 3 A i Y
AR &P, VOA-Tan I ANE 7£ 3.125 ~ 100
ng e mL ' N IR ZAE KA. PR i 2 B -
Af 0] [ £k K 2 a2 28025 - 7R VOA-Tan 1T A NE
B ¢, 1 AUC, _ 4350 Tan A ) 1.77 £5 A1 2.57

¥, B VOA-Tan 1 ANE A% T Tan 1A
YR

AN KFLIR S VOA BES1938 Tan TTA,
ARLfEDE T Tan 1T A 97K I P AR RN 58 10 0 55 )
AL, AT Tan A BUMEETERIAEDRINE, A
B RN IR SR S M BRI R T T AR 24 R G
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Process of peach kernel for “peeling and grinding mud” in classic prescriptions
based on glycoside protection by inactivating the enzyme

MA Yan-hong', KOU Na-na', SONG Wan-ting', LI Dan"?, WANG Shu-jun'" (1. Shenyang
Pharmaceutical University, Shenyang 110016; 2. Shenyang Junhong Pharmaceutical Technology
Co., Ltd., Shenyang 110016)

Abstract: Objective To determine the optimal process of peach kernel for “peeling and grinding
mud” in classic prescriptions by comparing the activity of emulsin in different processed peach
kernel products and the content of amygdalin after decoction. Methods The activity of emulsin in
different processed peach kernel products was determined by the discoloration reaction of picric
acid-sodium carbonate test paper, and processed peach kernel products were prepared for Taohong
Siwu decoction. The content of amygdalin was determined by HPLC, and the effect of decoction
time in boiling water on the content of amygdalin was determined. Fifteen batches of peach kernel
from different origins were used to repeat the process. Results When the peach kernels were “peeled
and tipped” and then boiled in water for over 10 min, the emulsin was completely inactivated.
The content of amygdalin (S,) was much lower than the content of its original medicine decoction
(S,). When the peach kernel was “peeled and tipped” and then decocted in boiling water again,
with the increase of decoction time, the content of amygdalin first increased and then decreased.
The content was the highest after decoction for 10 min (S;), and was higher than that of S,. The
amygdala enzyme in the 15 batches of processed peach kernel was completely inactivated, and the
content met the requirements. The best process for peach kernel after “peeling and grinding mud”
was as follows: an appropriate amount of raw peach kernel, boiling in 10 times of boiling water for
3 min, soaking in cold water for 1 min, removing the seed coats, reboiling for 10 min, and dring at
60 C for 4 h. Conclusion The process has good reproducibility, which can inactivate the enzyme,
protect glycosides, enhance efficacy and reduce toxicity, and is conducive to the decoction of
active ingredients and improves the curative effect. This method provides reference for the modern
application of “peeling, sharpening and grinding” for peach kernels in ancient recipes, as well as
the processing technical specifications and quality control of peach kernels, and is conducive to
promoting the innovative development and research of classic recipes.

Key words: classic prescription; Taohong Siwu decoction; peach kernel; amygdalin; emulsin;
glycoside protection by inactivating the enzyme
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ZEH, UMAEISE IO/, b
Tk, sy Jreh ke Jenilie” (4 H i dk
=R Tl fb A ™= K i il =%

1 #

FA2004B T H K- (RSB R SE R AN
BABRAE ), EX125DZH B F R [ BEEHTY
a CEMD AIRAF ], 2R3 aerzia QM
i —ar 3R AR A BRA R ), LC-2010C 5
SOEARA3EAY ( HAS Shimadzu A H) ).

A AT R (& 8L 93.1%, it

110820-202109, v [E 1 5 245 db K e BF9E e ), v IR
iz - i PR IS (bt AERL RS ik TR oA
BRARD), AKbaifbk, HEhEakal (RS LM
RTEBMEAERAT), BER ATl [ Fl2e P it
(R BEZFHBRAR 1o WK A G4
P2 ARRARD, WSHRA . WEATRA . I
SRR MM AR (bR A FRA
Al), SRR A0 T %, &
TR B b 245 88 ) 2020 4F i — 35 AH JE T T ()
PERBLRE, PRI 1. 15 HAERM ARG B 2.

F1 RAMOMAINREER

Tab 1 Information on the pieces of Taohong Siwu decoction

PR [ B

T b bENE LRI B Y Rehmannia glutinosa Libosch. 8T 1B AR 178 il i

419 Ho AIERL ST JE ALY 245 Angelica sinensis (Oliv. ) Diels FT-J8AR A7 ] 5

AT LR BEBAT RN ZY Paeonia lactiflora Pall. BYEAR T il 5y

JIE Pl DIERIEEARAEYINES Ligusticum chuanxiong Hort. BT HEHRZE

JAEG: Y g TR RN B ALYIME Prunus persica (L.) Batsch f) {8 -7

2146 i SERHLLALJEAEYZIAE Carthamus tinctorius L. W THEAE

F2 1ISHEMCHERER
Tab 2 Sample information sheet of 15 batches of raw peach kernel
e Sl I W5 B I e BT =

Tl A 1Ly T6 AR TR Tl AR IR
T2 AR 17y T7 AR g T12 Ak~ i)
T3 ARk 1hvg T8 Bk g T13 Eoy By
T4 AR v T9 AR TR T14 ARk tEIE 4
TS ARk L] T10 AR v T1S Bk )

2 FEEER
2.1 JEH & H &

BAMICTIE®, E105mKkhE3
min, ¥/KHHL 1 min, BREME, 60 CARE 1%
4 0" BRI A TRy BUEMK T T13E
i, B 105K E 3 min, ¥/KHH 1 min,
brEFhEz, F5FioKkh& S, 8. 10, 15, 20
min, $itH, 60 CARIE T/ 4 h, HIFSHEBHa i
A TRs miny TRy minsy TRigminy TRys miny TRyg mino
22 EHCEFEAR

43 90 A [R] R AR ] LR 0.2 ¢ T 381K
B, ok HGR N, 7R 0B — AR
R - B R 4k, R 1, Bl & 60TC
KW RO 30 min, WAL ACE (A AR L, ik
30 min Ji 45 F LIET 1o AR5 7 Big s PEAS 50 45
WA, B 2R (TR JE IR KT
AR, AU A R, X TR
e, Bt K P R R (AT AR 3G T, A i A
WAL, UL A B2 8 N, ] 10 min
(TR g i ) AFIRARARAR (0 RIS 58 4 K0 -

2.3 kLT 194 7 R ] A

P R Ol AR gy H o CBR—t)) 1 Aok
21 DU 17 A Kb T 2 s LA R 59 4 B R i AT 9% 245
B, BREBUE MR A 11.19 g, WY IR A 14.92
g, WHAKA 5.60 g, JIIEIKR 3.73 g, M#Bk—
3.78 g, WL 3.73 g, A 12 f5&E/K, R 1 h
Je, KRG SCKRIAE 40 min, 1250, 24
MERE A 12 £ 5K, BKCGE B SRR 20
min, SIFPIREOR, 338, HIFS.
24 thamygppFESCHENEENTE
241 @AM @GR Amethyst C18-H (4.6
mmX 150 mm, 5pum); iR EE -0.1% B
VU, BREEVENE (0 ~ 25 min, 15% HIFE; 25 ~ 40
min, 50% FIE; 40 ~ 50 min, 15% FPE) 5 #&: il
P K 210 nm; JEE 1.0 mL » min '3 #EREARF 10
uL; MR 25°C,
2.4.2 RS AT O ATHO BE SaE
i, WEFE, B -0.1% BERRIF (15 : 85)
HAE 1 mL 2535 50 ng BIEWR, BIfS.
243 HHLESEW SR RS EREke g
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W 1.0 mL, & 10 mL &I, FHH B -0.1% #
PRV (15 = 85) MR ZIEE, #&5JR1S .

244 EER BOYRSIEREHERE, 2SN
10 B, P pEAE S e R, A R
7 0.2957 ug * mL ™',

245 ZMXFRTE PG AT I SO
K FRE , B -0.1% BERRIATR (15 : 85) il
1 mL 298 E A4 500 ug MW, BIA5 %) IR
AR KB AR RE, AT B4 2
0.3 CERBRHE ). 25, 50, 75, 125pg * mL ™'
BA 6 HE s TR R BRI A, DA TR A N AR
bR, WeEE AR, 19072 Y = 9299.3X —
3186.4, LRYEMKEARE M 09999, FUAFEA AT
FE0.3~ 125 pgemL ' IS IETIFLE R AP R
2.4.6 FEEEIRLE  WUR— X BRI TR, St
FEDE 6 K, TH8AS A1 I AR RSD R
0.94%, FEHLERG % R AT

24.7 BEEMHRE B —HEBRL U Y) A R
i “2.4.37 WUR AT o bk, F
FEIE , THRAS AP AR A RSD R 2.2%,
FIZITREE R

2.4.8 FaaEtly  WR g, T
0.2.4.6.8. 10, 12, 14, 16, 18, 20. 22.
24 hHEREE , SRR AT IR AR RSD
0.86%, FEHAMULES TR 24 h WEEE R A4T
249 ARG RS B EE A 1 A A
—HEBRLL 7 9 By, 3 i FR C N B Y 50%
100% . 150% 7K-FHE 2 AT B SR 0.1, 0.2, 0.3
mL, B34, Hila . . mRE A
VSR, HEREDNE, THEARAR. Ry s EEE
W 253 91K 96.0%. 94.5%. 94.6%, RSD 4yl H
1.6%. 0.80%. 2.3%. 45RFINZ LM BRI
2.4.10 BRLLmuYpm A SR BOERE
{5 TRy B3 A2 FEBE B I & TR, TR,
miny IRgminy TRigminy TRisminy TR0 min Eﬁ/j@j\%’ ?E
“2.37 Wi T HIEBIEA T OMRLL YA TR, S

B2 s R A

Fig2 Bitter almond enzyme activity test chart
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WA UYAWE 1.0 mL, & 10 mL &),
BRI EZIE, 5, RALLMIER S, S,.
Ssv Siv Ssv Sev Sy HUASHERMIAWAS 10 uL,
FEE, A o (ILER 3). Z55RnTAl,
S, WAV H S RIS T S,, BEE WK LI R] Y
Hahn, BRI AZ G AT S R e NS R
'fEE ) 'J@ﬁ]‘lj 10 min ( TRlo min ) ;H\:%é{:ﬁ/ﬁ\i Ss lﬁzlil%}o
*®3 ROAEMZHRETCENSE

Tab3 Content of amygdalin content in Taohong Siwu decoction

K5 G/ (mgeg ")
S, 1.71
S, 0.47
S, 1.19
S, 1.52
S, 1.80
S, 1.68
S, 1.47

3 IZEMEMR
3.0 B H A

JEH T 701 BUERKC T1 ~ T1S & &, ¥
10 f5 /K 2 3 min, /K 1 min, FREFR
Bz, 60 CARIR T8 4 h BIAEJERE( 1 (T1 ~T15).

JEH T2 2 (e fEE T2 A
Tl ~ T15 ik 6, & 10 f5EEK & 3 min, ¥7K
Y 1 min, BRZFIEZ, P FUEKH 10 min, £
60 CRIE T4 4 h BIFSJEBE 2 (T1 ~ T15),
32 Ak, Bk, B2 BACEE R

Fie 227 BN AR A MR Bk 1
SR 2, SR ULE 2, 15 #EA Bt R AL
@, 1SHLMERRI 1k d A af, 15tk 2
RACARAE

E I 3 e i |

Fig 1 Bitter almond enzyme activity test chart
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33 Ak ERCFESCHNEENE
330 @R A&F @A Amethyst CI18-H (4.6
mmX 150 mm, 5 pm ) s JsIAH N HEE - K (20:80) 5
R 210 nm; J#y 1.0 mL « min ' HERE
PRFR 10 uL; A1l 25 C.
3.3.2 XA DG I oE
i, AEERRE, I 70% F R B 1 mL 29
A 80 ng MU, RIFH.
3.3.3 fLliniEmeodl e BORMELIZ 03 g,
WEE, BRIEGIM S, namsk (60 ~
90°C) 50 mL, AUARITN 1 h, 7%, B8, FiE
ATMBER, 250 SIS TR, AR HEE
T, ORI 70% BB 50 mL, FRE A,
RN 1, B, FAREE R, H 70% FEE AR
ARNCR I, REA), BB R R IR 5
mL, ¥ 10 mL &S, 0 50% R 2%, 5
Ay, Bpfg
3.3.4 M. MRS EENE )
IR ARY . MR RI 29 0.3 g, 25 KGR
TE 15y, F% “3.3.37 TiT J7 ik i A s hh TR
G 25 TR IBUAS HHE A B A R A A P R 4% 10
uL, FEREISE, SRIEIEE, 5 15 #EAk
(e R it e v o N RESTE A
WU 2258 (2012.0 AR )", A e 8U8l g &
I (AL 3), RS (WK 4). 4
RAAL, 1S AR A S O 2.5 ~ 3.2
mgeg ', ISHLEBM ISR N 2.1 ~ 2.6
mgeg ', A CPEZ)HE.

x4 ERCEBRCESCHNSENEER mg-g )

Tab 4 Content of amygdalin content in raw peach kernel and

processed peach kernel product (mg * g )

G5 AR JRE
Tl 3.1 2.6
T2 3.0 2.4
T3 2.8 2.5
T4 27 24
T5 2.9 2.3
T6 2.8 2.3
T7 2.5 2.4
T8 2.5 2.3
T9 2.8 2.2
T10 3.0 2.3
Til 2.7 2.1
TI12 2.9 2.2
T13 3.0 2.4
Ti4 3.2 2.6
T15 3.2 2.5

B
B3 15 RN (A) BB (B) fR8UEIEE I
Fig 3  Fingerprint and chromatogram of 15 batches of raw peach kernel

(A) and processed peach kernel product ( B)
4 itit

AR T M AR 2 222, BRZL Ui R
2, WA RREEARU Yz 1R
AN A AT S RO S A e A A K A

SRR, v IRIR - IR B AR RE X U0 R 1k

S, T 7 WA il e A B T o8 4 K
o AR AR IS R AT, B2k
&R (TRy) JdFARFE KT v A, 4Rk @
ARRELAE, R AT PO, Bl kK P
RGN, IR AR TR A, B
BT K , M 10 min (TRyq ) BHRZERAE
RIS 4 KT

BRI (TRy) JRZGAG (S)) AN
WREAGR (S,) BIZERATH, S, w4 & i
TSy, R THEI . A A
A TR AN, BRI AR (S,) R
BERCIIR, o A 5 o A A 8 e K i S
B, AR R R KRR R

1451



Central South Pharmacy. June 2023, Vol. 21 No. 6

T 222 2023 4F 6 H 55 21 % 45 6 1)

AR A i A (e il e Az R R A T
SRYETS,, UL UM EAT AR AR
M, Ssf{admm, HRT S, Ui
AR TAHBONI BT Sy S, B F BRI A
NS E S T Y A S e S i W 5D @
TR RS2 TK, ek R
WA A A, B S, Al'S, 459 AT A il i
[, AR E . ZE DITR, AR
AR BRI A5 5 S R IR R, i <k
B ARAIR” it BRI 5“2k B2 R il Ak
VAN R SR P ) WX B U e At WG SR UE
R AT B S A A A K SO AN
VT K T A, X A K o i s ]
DITFSE . AWFSEA5 Mk 25 B 4B ff P st
BRI T 250 BUERM iEa, B 10 5K
t 3 min, ¥/KH 1 min, BRIEMK, BETMK
& 10min, #7H, 60 CHUETIE: 4h,

K15 A T TS E B, K 2w,
15 UGB 1 AR S, AR,
15 HEBREA " 2 9 o8 4 K 0E, IRk (A,
UL T2 E B R AF; IEXF 15 #EAERR( A0 15 it
FERR AT A S R, 255 15 Atk
WA SRS RT 2.0%, 15 HEEB AT
KT 1.60%, F74 (PEZ) #iE .

ARHFFE A B AR T 2R R AR B . 4
RO AVER, SABRLT DU TRk < 2 e AT
P& AT A o A Rt T Ak
{0k, ARFLBH 0 A ST &
Wy Rk R RIFR” BRI AE . i
Je RN R FH o
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XEAE, REE, I, B GrEIREERAEE, BT FFRK 161006)

HBE: BY RE&EH 3 E T EAF TR # a0 M E R A AL LA EEER,
FiE RAELBRREHEHE, AQHEREGZAFNHAR, £ .58 0 8 G KELAK
F Ay T B R F R, AR SNULAR A RRRT B A A5 AR, B SLEAMS HEE R E,
FERAGRMEALFT L, R MERKAFT ZEABE 45C, pH3.9, ik 5501 * min '
BRI T RO, BB E A (22.8010.33) %. &3 FEA (82.40+0.45) %; HFEFME
50 mg, L% 855 mg Fefik dh 4F 4 & 345 mg, RAH K AEE N R IF0 R FURE AT, AR
AR 6 min, 24 h &%k 5] 87.2%, &t ZAF I LEE, BETIT, HRAEER Fikk
R R A MEATO R, AR — BB ER,

KEERE: R s BE; ZEtwEd; MER

FES5ES: R944 XHERFRIRES: A XERS: 1672-2981(2023)06-1453-06
doi:10.7539/j.issn.1672-2981.2023.06.009

Preparation of baicalin microcapsule tablets

LIU Run-jia, ZHANG Shang-xi, GUO Rong, HAN Cui-yan" (School of Pharmacy, Qigihar Medical
University, Qigihar Heilongjiang 161006)

Abstract: Objective To prepare baicalin microcapsules and optimize the formulation process, to
compress the microcapsules into tablets with a sustained release effect. Methods The microcapsules
were prepared by single coacervation method, and the encapsulation efficiency and drug loading were
used as evaluation indicators. The central composite design and response surface methodology was
used to optimize the microcapsule formulation process. The single factor test, hardness, appearance and
disintegration time were used as indicators to determine the lactose and the dosage of microcrystalline
cellulose to obtain the optimal formulation technology for the tablets. Results The optimal formulation
process for microcapsules temperature was 45 ‘C , pH 3.9, and rotation speed at 550 r  min~ '. The
prepared microcapsules had good dispersibility, the drug loading was (22.80+0.33)%, the encapsulation
efficiency was (82.40+0.45)%, the baicalin microcapsules was 50 mg, lactose was 855 mg and
microcrystalline cellulose was 345 mg. The tablets obtained by the powder direct compression method
had good formability. The disintegration time limit was 6 min, and the release reached 87.2% in 24 h.
Conclusion The formulation process is simple, stable and feasible. The tablets with good formability
can be obtained by direct powder compression method, which has a slow release effect.

Key words: baicalin; single coacervation method; microcapsule; central composite design and
response surface methodology; microcapsule tablet

# % (Scutellariae Radix ) /EBIERHEY 9% OB, K, S55. WX HFHAPE. FK. Bt
A TR, BB #2554 (Baicalin) J& T4 RAEM, JFREMGIEERNA U, 6 0] Iy ik i As
AP AL R R IR AL G R R W, FEARIEE, 987 N S I T BE,
—, BT ARE, BARHRE, BOA TR REEHUR R SRR RERE ). BT
BERZ, MEATHR, MR, N, JLFRE TR, DARHHANBROROTOE, Piikdafige, &
EETA: BIpira R e IZ (No.202011230003 ).

EE B XWALE, L&, LAt , EEAFEAYE RGOS, email: 1349213788@qq.com ~iBIE1ES . {iddH,
o, Az, WERREAE S, FENEAYEILE RS S M 42505, email: hcymuphar@qmu.edu.cn
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B 1 P, DRI P O AR N, (E
AR, KR D IR 22, B T
ERIIERIH =,

Pl BRI T2 LIkE 2y, ek 2s i
AR IRRE ST . FERIRBEICE R | 2 sl e 2 i
R SRR N, SR R R P A, 2y
) 22 B e Ok i o) £ R R R L R A L A R
BB R EA B E L AR 5 TR
FER G, NI 25l Fr, HAT Bk
PERF TS, RESR 2RI A4, L E)
ZREIER], SEmZitaErt Y, AFTTE R
BER VKGR R IR A I Ay
Ll A R, ELREZAR R, WD ik

2y, e ERE NG T, R R R A
FREAHEEEL,

1 ##

1.1 L&

UV-2500 LM 6T (R R AR
FHBRAT]) 5 AL204 HL 7R (HERRE) - TR 212
AR E ) ; DF-101S 42 $XaE I8 hn g
TimidEay . TIRMGIOK BEA R (PLX TR
PABRTAEA ) 3 CFO BIRE XAELE IR TR (K
AL ARSI ER A PR/ ] ) 5 RCZ-8B % H A EG
10 (L TREAE PERLAALAR A A ) 5 78X-2 A F-57 14
MPEA (R 2 R AR A R AT 5 Hh &
AL (b 25 e BHEA R AT 5 BAREL T
AW B e CX31 (b5 BT Bl 57 & SR AT iR
TUEAF]),

1.2 K7

TR IE S, (4ERE > 98% ). A ( HifE
REPHMERRER AR MRS AR AFD) ;. . AR
B (R R ) s Alf 60 ([E254E
A=A AT 5 WA . oK CR
BRI ABRAFD 5 50% 5 /% (R
A RRAEAA) s Ee k. FINEE. LB
(RETRMER AL A AR A RA R ;. b er4E R
(VLVG 255 A= 2\b A BR A D ) o
2 Ak
21 EXTMENF L
211 EETMEENSIE REEFRBUHK 1.0 g,
hngtifbsk s mL, %MK 30 min, 45 CIAf#, 1 10%
PIBERRIS VRN pH (3.9 ~ 4.1), a4, bt
FOMA BT Rk, sortiedt, RS H, B
W AR ATHE 12.5 mL &) 4% 60 0.25 g IKf#, 1E—&
Bl R B IS ES LA R A B AR A i R,
nihdidE, sminj5, RERHIE4CLUT, Hidk
20 min, 1 50% % —.#% 5 mL [#4k, DLSEL 10
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mL ik, VKARRCE 24 h, HBOL, ik, e
SENEEVES, HHIECEDER, T, 45°CHT
P P,
2.1.2 A BEAGERAME ORGSR ST
S T 10 mL &, A 50% B 10 mL
#7530 min, SEZF, 1E 278 nm Ab 5 WG B
THAE 25 B 20t F L R

A (%) = Fr & eyrat / e B
7 X100%

IR (%) =g T2 /&
BT AR 25 8 X 100%
213 HHEHL UMENEZEMEERER
e bR, TR R, B 2.1 TR
Sy R W 1L O N =TV s i ) N i )
O N AN N UL 7 SN N il U717 <3795 3N N i N6
pH %, Hl B e, MEIFHE .
2.1.4 RS Thmn e R RS R R,
Bk (X, remin_ '), ¥R (X,, C). pH (X;)
RELEEmMEER, D (Y, %) MR
(Y, %) MiFEMF54r, 4 Box-Behnken i Jif
it R T T 3 &R 3K 17 MR
N AT TR S P B 11 i N U= D 2
Design-Expert 8.0.6 H{/-1 3 i 1150 5 58 W3
2, Hp, R 882, 5.7, 11, 15 8 5 ik,
AT R, H A R

F1 FERFKFER
Tab1 Factor and level

Hiifith X W/ (remin™ ') X RE/C X, pH

—1 500 45 3.9
0 550 50 4.0
1 600 55 4.1

2.1.5  TREARSMERGALE RS S AREGE Bt ah
J7 AT B ST R R, R E 25 H) 2020
A BB JCRE I B8 A . LA 500 mL pH
6.8 [ B R £k 5% i i W R R o, BEAELAAR Py /)N
7 pH, #%3# % 100 r « min~ ', MKEEEAE, H9IHE
1. 2.4, 6.8, 10, 12, 24 h BUzWE 5 mL (@]}
SLRPERSE 5 mL AFR AR T), 0.22 um fHALIE
e, BRI AE 278 nm A EWOSERE, A
AN ] B SRRl i s o SR 2 [ T A
TR ] ) SRFURE A, 2l Rt 2k .
22 HE R A&

221 WAL e H BRI TE R .
AREFYER . FUMBTEMIE AR, B8R 0 it
B AT e, S5id dE a A SRS LIRS
BI5)E, IMAREISIREEIRST, FyAK B4 A RIS .
222 fEFINIEE  ASWFI RS AR | AIK
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®2 MEESHERETR

Tab 2 Response surface analysis test plan

x3 BREFRHBER

Tab 3 Single factor experiment results

RIS X, X, X, Y\/% Y,/% (SES K Yi/% Y,/%
1 1 0 —1 13.75 50.15 I (glg) 1:2 26.34 83.57
2 0 0 0 16.21 5427 1:3 10.37 28.63
3 1 0 1 11.54 41.54 1:4 7.530 28.16
4 0 —1 —1 24.30 85.70 Bk / (remin” ') 400 12.82 38.24
5 0 0 0 16.59 54.25 450 15.65 53.59
6 0 1 —1 15.26 48.75 500 21.46 65.38
7 0 0 0 16.40 54.20 550 23.15 80.60
8 —1 —1 0 21.46 65.30 600 18.56 56.70
9 1 —1 0 15.39 51.34 M/ C 40 18.55 45.48
10 0 1 1 13.20 42.70 45 24.35 84.60
11 0 0 0 16.40 5427 50 14.64 53.12
12 —1 0 1 16.60 50.43 55 15.37 49.63
13 0 —1 1 21.15 76.50 60 10.37 29.09
14 1 1 0 9.620 25.40 pH 3.8 9.620 21.00
15 0 0 0 16.40 54.18 3.9 23.29 83.77
16 —1 0 —1 16.40 46.97 4.0 16.32 52.70
17 —1 1 0 11.50 28.75 4.1 13.32 41.53

BRI A2 o AR . BOEEA i, S5
AR RS AR A5, A
NRIREEIRS), MR A TS
223 R WSS T 2L DDA H s
i E2h, WIRRREE MIEHEH], MmadER
RIFEH, ASH I LER R R, S LATE A
W, BINHLLER . RYEM 756 7R R
AL RS R DL A R e 3224,
B IR R B A Vi i 7], ST SR AR I Sy o e %), 53]
DAZLHE . BURALTERY . TR EF 4 2 M e 7R
AR B R il /71
2.2.4  EEEFEE A RAMBEGRES XM
W AT R IR 2 I R i £k . FRBR (R
] 24 ML ) 2020 A1 RROBE IRE DN v 5 vk (2R
AT, R —4b g7 B3 3 e BA 500 mL
pH 6.8 BEFREL S phi R BERLA 0T, F% 3 100
remin ', ZFIFE L, 2. 4. 6. 8, 10, 12, 24h
BFHORE 5 mL ([RIE 37 BP#h 78 5 mL 2535 A9 B
Ji), 0.22 um WALIENE R UE, FRAM T
PEATIE
3 #£R5%18
30 RHEEHZELR

MO 1 2 B, R R 2 B A
REE L 3M AR, BOESSHMEE R 2,
PRI . AR . pH W@ a2y B4
LRI KN, BOEBFEHAE RS RNE,
PEAT R ST B R, AR ULER 3.
32 A ftER

& B 583143 BT 854 Design-Expert 8.0.6, 4331l
DI 2h & (Y,) AR (y,) N,

B (X, remin '), WERE (X,, C), pH
(X;) R AAR S, SRS YBRIE T IEELE, o
WS R Y, = 16.44 — 2.00X, — 4.09X, —
0.86X; + 1.05X.X, — 0.69X,.X; + 0.27X,X, —
2.88X,° 4+ 0.93X,> + 1.10X,°, Y, = 54.32 —
321X, — 16.65X, — 2.89X, + 2.65X,.X, — 2.34X.X, +
0.79X,X;, — 13.50X,” + 1.96X,” + 7.31X,>. XTiZ )7
FRMENE ST 507 22 A A R LR 4 ~ 5,

4 a8, LY, SRR AT I 2 A
[ A %) F = 91.53 > 0.0001, % B iZ 4557 [A]
R (P<0.05), fAE—EMRBIHNZER; FHH
ZAR R = 09916, R’y = 0.9807, ki M7
SR R4, £ HAS a5 W AE 2 [ 2 5
REAF, "TLH TR L T T2, 4
A EXF Y, Motk X, > X, > X (P <0.01),
Xio Xy X XPBEHL By 52 A il B3 (P < 0.01);
LHI XX, X7 X' XS %Y, 0BTk i
(P<<0.01) ;XX XPRIRIA 520k i 2 (P <<0.05)

M2 S A, DL Y, PRI UEA T i 2 PR 0
[ SR () F = 103.93 > 0.0001, 7% 1 % 45 74
[T EE (P <0.05); JfHiZHR R = 0.9926,
Ry = 0.9830, UEZE S5 6 RIF, &
H A e S N {2 [ 2 o6 R K, ] LU T
BT T2 . 45 FHAREXT Y, i oTike
X, >X >X (P<0.01), X,. X,. X; XA
R (P <0.01); SHI X, X4 Y,
TRk o B (P <0.01); X.X,. XX, Kz
A2 R i (P < 0.05).

& Bl Design-Expert 8.0.6 X} Y, Y, [a] 9 75 2
FrpE g i gl P DL 1, 2, R AR AR
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x4 BHSEARTENOEMAESER
Tab 4 Regression and variance results for drug load as a

dependent variable

x5 GHZEARTEHOEFMGTESER
Tab 5 Regression and variance results of encapsulation rate as

dependent variable

V=3 Rl AmE ¥y F P =3 FAM O AmE ¥y F P
Ay 220.14 9 2426 91.53 < 0.0001 Jistil 3378.17 9 375.35 103.93 < 0.0001
X, 32.08 1 32,08 120.05 < 0.0001 X 82.69 1 82.69 2290  0.0020
X, 133.82 1 133.82 500.80 << 0.0001 X, 2219.11 1 2219.11 614.43 < 0.0001
X 5.88 158 2201 00022 66.70 1 66.70 1847  0.0036
Xk 439 I 439 1642 00049y 28.14 1 28.14 779 0.0269
XX 1.92 1192 718 00316 4 21.95 1 21.95 6.08  0.0431
%k 0.30 o030 LI 03268y 2.48 1 248 0.69 04346
Xlz 35.00 I 35000 130,99 = 0.0001 X/ 767.45 1 767.45 212.49 < 0.0001
X22 366 ! 3.66 1368 0.0077 X 16.25 1 16.25 450  0.0716
X, 5.11 1 511 19.13  0.0033 R
s . ; 027 )a 219.14 1 219.14 60.68  0.0001
JeAbl 2% 1.78 3 0.59 2763  0.0039 ﬁzjf 23.28 ! 361
sl 0.086 4 0.022 f;;x% 25.2773 3 8.42 B 4869.88 < 0.0001
B 22201 16 AR 6.920% 10 4 1.730X10
R = 09916 Ry = 0.9807 JEP = 3043.45 16

Rt i 7 L P 5 e 45 SR T 3 a2 ] IR O s g
Ao FHR N TS [ A RE RS R 7 o0, SRR AL
Wi 25 Ay . i 550 r e min ', JRJEE 45°C, pH
3.9, WA XTI G AR Y Y R (B A, Hiakzh e
K 24.46% ., BN 83.97%., EMAALSKIET,
il 25 3 HEPE A1 cRE, HAZ o R 22.67%.
23.13%. 22.59%, “F-¥y#kzhimh (22.80+0.33) %,
£ 243 01 2 81.95% ., 82.80%. 82.47%, V341U
FRN (82.401+0.45) %, SHIEMZE/NT 5%,

R =0.9926 R, = 0.9830

LR AR AL F 48 i S e il 5 T2,
HA NN E.
33 WMEHSRKALZ LA

oo B T RISERIE, FURDEN. [RE
M7 a5 R ULE 3. U100 g i #E R AR
H 800 T 3 WAL B A, EF 706 43, X 40
Ja BT AR, USRSV il P 2 o ot L
kiR A, IR 4 AR, RS

B B (A). IREE (B) FlpH (C ) X BTV (R a8 2t 500 i = 4k v i ]

Fig 1 Three-dimensional response surface view of the effect of rotational speed ( A ), temperature ( B) and pH ( C ) on the drug load of the baicalin

microcapsules

B2 el (A) IREE (B) I pH (C ) A B (ol e 52 e v = ko) 7 17 1]

Fig2 Three-dimensional response surface map of the effects of rotational speed ( A ), temperature ( B ) and pH ( C ) on the encapsulation efficiency

of baicalin microcapsules
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AEPRER, AR IESSME, 70% UL Eo
AFTE 90 ~ 150 pm (100 ~ 140 H ).

3 ARG RAUES (A X1000; B. X100)
Fig3 Microscopic morphology of baicalin microcapsules ( A. X 1000;
B. X100)

4 BRI A
Fig4 Particle size distribution of baicalin microcapsules
34 MENESIEAHE

&L 5 AT U B 5 3517 S h
RN, HRE A B a7 1 30%, i HBA
RERER, HA—ENZBICR.
3.5 E A E A
3.5 BSEHIEIANE UK AL TE R i 7R
FEHIABIE , FLBERIS L 4E R AR e Ry, A
0 s il R ELAM WG o BT LAAR J7 128 7 SLAE Ak
AT A I

IS ST RN BRI (n = 3)

Fig 5 In vitro cumulative release profile of baicalin microcapsules (n=13)
3.5.2 HIERIARIZE  RIAOR N gERE N
SRRV AT R 22, ANAETER] 2 SZHK SR 4k i
ARG, ARG, PR e 5 I 3R 4 T Dy
A o

3.53 HNFRIKE LIBREgER . IRy
F LR R B S T R, S IR IR A R A A R R
W, R R R, E s, ANREILE]
AR BOZER, S TRl £ 4 2K T 1 D A
i SNS TS LD GRE R =Y A T U (|
AR, BRSBTS AT 4
RGFUMER LU, LARERE . AR IE] . AL
SARbR, diRWFE 6, AN BATEHME, 4
LT e 7 1P R B JEE O 40 ~ 60 N, i
FEARLE, 1. 2 AR50 il R A B, A
G, 3HEIMEH, T 4HAML, 4 HEEREHE
4f, DR E R R AR DT O B S0 mg, FL
B 855 mg I AT 4E R 345 mg.

Fo6 EZHMERNERRRELER

Tab 6 Single factor test for Baicalin microcapsule tablets

FAER=2 FES I /mg FLBE /mg TURIARLTYEZ /mg g /N HAfi# /min AN
1 50 600 600 4543 1+1 RIMHALES, AU
2 50 720 480 5743 6+1 RIMH AL, A48
3 50 800 400 4143 5+1 RIEDGIHERE, Tk
4 50 855 345 4943 6+1 RKIDGHE B, ToHt

354 BERUE MR E K 6 B AE
5 5 h R B HTIEE F 3EACT] LIREIL 40%, 45 12 h
B 20 80%, 24 h Bk 87.2%. HHIL AT L,
BERFIRBEAE AT, HA&REHZERIERE,
EIYEEY ¢

UG TR FAH O R B 7. fr & R ml A,
TSR R FE RSO 5 A RS ORI L i 4223 — 2

BEZGRiAY
4 g

SO IR I BT O, L
iR, WA T UL, BRI, Ak

®7 BAEREREXRH

Tab 7 Drug release model and correlation coefficient

Ik T AHICFEL
Ry 0 =4.02t+ 17.55 0.7246
— R 120 = 0.127¢ + 100.84 0.9900
Higuchi 57 0 =122.59"— 578 0.7426

by, ASCHAGE, 7Ed s aR R, AR
R 21630 1, AEASRIT 5 e B0 P T AR S 28 16 5]
I, W EIEZE, AR, H R 2 A
FAF AR E e 4, 821 AE R ER
B EAERE o PG i e e R 5L
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Bl 6 A TTAEE T AN BRIk (n = 3)
Fig 6 In vitro cumulative release profile of baicalin microcapsule
tablets (n = 3)

B el it e b, O BRIEDIR S B4 B0
FEiRA, RHAVEFINBERE %, BERZAYIARSE
EHRIRG, SFEEERM; RS W RGHA
AR, DIAMRA, 25 LUR IR 2 S 38U
RIAE K HAKIZ) s D Gl B i, T 1] A
HI A, IR e nkiie S il ik
FAAEARIORIR, —ROkd, BEFFs R, ik
RiAs/), HAE .

) P ) 88 T VAT IR DR R FOB R
ERE AR, g R Rk R R A
WL, TR BORLAEER .l ad P K R
PRI RL I, 05 e I AN iR, AT5 A
AR, ERIASIY, AR I AR B A
%, ARG E3d TRk BB, iR
i AR RRCR il PR A, AR A 4ER
NBAFEG, SSIBCIRAERR i 0], REARREE
R, AR R R R, (EECE K B R 7R S %)
AR, AREIRBIBAERORCR, AR Y AR AT 2
F b A AR L 20% I RE S 2 A U,
TR 50 PP 1 AR A i), N MR 2T 3R
VeSS, SRR, R AR B4R
Fr, FrAR S R R e, B B Y R
Peo AHURF, SZ808 ATy, iy
B e R P R F, YA R A AR A
Ji R A RE B8 2 2 W) i A IS BR AN R 2, 70 2ok i
DUDME LA, S AN F R

WA HADIR . PiR. (RRERE R,
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REMRIE, IR . A BT Al
N—F RS BA R e 2
TRk RGBT RIT & o BEE BT A o1
FORH s A e . e s HoR Y H s iy, i
AT G FEARN YR B2, AL
BOHON IR, U A TR O A R
AR R8T, HEE TR Rp2
R A2 AR 8l ) S BT LA R RS E M 42,
2RI A R M S T i, AT
FEATHEALAC, P 700 B4 AT 094 ] g e 81 7
YRR, RO RN

=
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BiE B B AR H F At RIERANSEF BZARIMERTEM

AN masd, EE Fue kS (L wgehEgikr, A 230012; 2 K MY, 115 5]
226113; 3. FIFWCORJEBEZRHEARARE, LI 201203)

WE: B #HE&EREEAMSIEBANAFTA, A FNNHTERIMNEN ., FiE RASEY
RLEEL N F T IRBARBEEAHRE (HSPC) LB M h A B s, REoake
MBS, B, ¥, SR MERE, WEAZEDBEA &G ATARERS, R0
WEFFY BT A FEEZES>T (APSD), &R ZH/EIM 60 RELS 7 F T REMAR
DB, X A 1.70 um, X, 4 3.19 pm; SEM. XRD. FT-IR #= DSC % 2 & 9 %% fig A
W iE B 2 BRI R AR HOR,, R AR ARLA N R E A AL LM
Ay AFA kT a o (FPF) £ 3] 48.39%, A FAEARERFIECRA A, ERESH
A lmin A, RBIEHR, REAE, Hie FEARTELEENFTIREARZLHSPC #y &
BYERTHEMIFRRED., REZXRME, BEFN Y —IRERA S EBENALTH .,
KEER: AL, BAAGH; 8MNBE; S EA R, wE T’

HFE 42 S: R4, RI6 X ERFRIRAD: A MERS: 1672-2981(2023)06-1459-06
doi:10.7539/j.issn.1672-2981.2023.06.010

Preparation of budesonide inhalation aerosol by phospholipid coating and
its in vitro property evaluation

HU Hui" >, CHEN Jing-jing’, WANG Qin’, WANG Xiao-fei’" (1. Anhui University of Chinese
Medicine, Hefei 230012; 2. Yangtze Delta Drug Advanced Research Institute, Haimen Jiangsu
226113; 3. Shanghai Omni Pharmaceutical Co., Ltd, Shanghai 201203)

Abstract: Objective To prepare budesonide inhalation aerosol, and evaluate it in vitro. Methods
Budesonide microparticles coated with hydrogenated phospholipid (HSPC) were prepared by high-
pressure homogenization process combined with spray drying technology. The size, morphology, structure,
crystalline, and phase-transition temperature of the microparticles were analyzed. The suspension effect of
the aerosol prepared with the microparticles was observed. The delivery dose uniformity and aerodynamic
particle size distribution (APSD) were evaluated. Results Small microparticles were obtained by 60 times
of high pressure homogenization combined with spray drying. Xs,reached 1.70 um, and Xy, reached 3.19
um. SEM, XRD, FT-IR and DSC showed that the phospholipid budesonide particles were coarse spheroids
formed by the aggregation of fine particles, and the preparation technique did not change the structure
and crystalline of budesonide much. The FPF reached 48.39%, and the delivery doses were all within
standard limits; no flocculation and sedimentation appeared after the aerosol was kept stationary for 1 min
following shaking. Conclusion High pressure homogenization technology combined with spray drying
and the coating of HSPC can prepare suspended budesonide aerosol with high pulmonary deposition, good
suspension and uniform delivery dose.

Key words: budesonide; inhalation aerosol; hydrogenated phospholipid; high-pressure homogenization;

spray drying

WA G250t HENAT e A A, DI SRR T e 52y, BN e n2inlhe
U R R ) IR, RAGRE,  HORAAN RN T AR AR A5

VEERIN: W, &, fEEmiHrd, FEAEWASIFIPITE, email: hhull84807736@163.com ~EfE(EE. THE K, W, WAL
R, FEI AR L AR T 5L, email: xfwang@omni-pharma.com
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R WARER . ARG, WA
FIHEAT I A= AV A A, 4 5 75
YERZALSh 1, FEACSUR A T 8 B SR
Bl A b A I LA P R B W A TR R
FUsE, BAPR. e, FaifEd, UHS
MR e AP R I R IR 97 SRS W 1)
Hikzyyz—

XFRER, =Rk (aerody-
namic particle size distribution, APSD ) & ¥t % 24
YIRETS 2 I8 MR i R N 2R, a5 R sh 12 AR AE
0.5 ~ 5 um Y254 Eels THlRL 25 0 AR R
S5 H RO A7 SRR YR AR P s Il R TR,
8 HA R 2 SR rTR B AV S R i 2 3t
PEIREL, GnZRBEmi B . IR, RhRE ™
B A — 255 . Tn— ) Bh A T 2
Hab ey —t, WEklE, TI7Evk R me it —
IR RE B AKIR)ZE, M D ok [ SRR
ELBH TR e AR

o R 3589 J5 R — o ] A A SR TR N
B 7, PR BT A 8 OK B A8 K RT
PLRGE 09 o AR sl FLOH Tk — 20 A0 B, W] 38
1o 55 55 P A R A R T AR SR FH
JE¥ IR T 24565 TR AR 2 S b R G # s
(HSPC ) L7 iy An i s faisvkr , BB AT .

1 ##l
1.1 L

HELOS/BF % o't %7 B AY (f & Sympatec 2
H]) ; model 0964 7 — X 245 H ## o &% (NGI) (3
[ Coplay Scientific ) ; LC-2010M 7= % & AH 4 1%
1 (R EEEFR R S A R FE] ) 5 DFM-2000 Jiis i1
( Coepley-China ) ; AB204-S 73 KF. PL601-S
TRV (MR - FER 2GR A R A F ) 5 T18
AL (LRI S A BRAF) 5 1Q7000
gk (BB PR G A PR F] ) 5 B290 Mi%s
T (-1 BUCHI) ; 2016 S ZFIHEZEHL (i
+ PAMASOL ) ; Nano i JEX AL (PR AR
AR/ T ) ; Helios SUX f3i 4% . IR3-01 41
AMETEAL (5 E Thermo Scientific ) ; DSC8000 2%
AR EAHL (3£ PerkinElmer ) ; X-Max™
AE O X PTG (FE Oxford ) ; D/Max-
2500PC X HHEATHMY ( H A Rigaku ). WEIR &
ARSI, B A FH 8 B Y SR X R R S 4 AL
( PET ))(F#k MERXIN ) Jfi; #8417 APSD Fl3 1%
Rl — PSRy, AR 14 mL A8 (2 R
iR A RA T, 5. PC21F091), M[] (5
[E Bespak, #It'5: BK0707990) i FHfub7 .

12 &%

1460

bz ROk 2y (L5 5 At 26 A FR 53
RN, S BD190301, 4> 99%); 4“4k
Wil (H AR fbvkat24t, 5. C00257, HPLC
4lifE > 97% ) ; JoKFEAES (SR A
FRAF, 5. PD504983, 4l > 96% ); 4t
| HFA134a (FPAEIEARERM AL TAHBRAF], 5
YY-0221011) ; HEE, 205 (@ikal, Fig2En s
A RRAF) 3 KREEFK.

2 FHEEER
2.1 B REE WA A BN TR R A FEA &

HSPC FIJC/KSEACES (FE/REE R 20 1) InAZ]
afifbokrh, B4R 10 min, S RBEIEFLIE;
A H A 1% A M Zs f sk 25 (JRkE 2 5
HSPC [ tbh 5 0 1) S 2SR 2, &
BT EL 10 min, FRXPR BRI T & R, K
30000 psi, 43l7EFIRT0. 20, 40, 60 YR HTHUE
AN [ 253 Jo VR B TR B 2R A 7 W3 25 IR A5 21 e g
A7 ) AT M 23 AR kT, 150 B A T 120 °C,
A EFE30m’ «h ', F R 45 mm,
YRR # R 24 mL e min~ ', [A] B XT HSPC- TG 7K 44
S DLRIRE R T 2 AT Wi o5 T4, SEe h A& Gk
TRIAE T g5 L3R 1. B DL HFA134a gt 55,
R FH P A5 92 0 2% T = XOG) A b 2 41 SR 2 s T
() B A 6 7 A1 M s TR RO Ok R T IRERS , B
1N 200 pg/ 1, 100 #K /9

F1 HREER
Tab1 Sample information

liRLEA

dn

T b2 ROk 25
HSPC
ook A
55 1) HSPC- T/ AR A5 ok ks
W A M 2 AR OB UK 26 TR 0 ¢
W 0 M2 FE O R« 5 PR 20 WK
WEF 5 75 M 2 RSO R, . R TERI 40 Y
T (45 2 RO R . 5 FERIT 60 Yk
22 HWELSA

SR G S I ARG I A b 225 1 A 2 45 Mt
T 5 SRy OB, AR A A, SR R1 8RSk, il
120 2.0 bar, #EFEHEE A 40 mm  min~ o K
SESLNP 1 FTR, XA A R B R A TS
S AR 2 TGO IR, (e ) AT Hi 2 1l k)
2 (a) BRI B AR, X M 1.53 pm #54K
F]2.21 um, Xgo M 3.15 pm BEK 5] 4.68 pm, X &
T HSPC (1) 4 7 (i 15 ok s o2 3 K. BEH
e RS R BB 22, A5 2 A SR TURDR AR 76
WA, 5 RS 60 YRRy 0RE (h) Y Xy, (1.70
um ) M X, (3.19 um ) E 4T ERIZG BRI

50 - 0 o0 o e
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B 1 ARG H A TR U A RLAR S04 (n = 3)
Fig 1 Particle size distribution of different budesonide microparticles
(n=13)

B2 ON[RIAR HAS AEOR BURL Y R B (X 40 000)

23 Wi

WL A TR S0 TT e LR R I R B R R, ik
KRS (SEM ) W BRTES, 161
KV B AOIE T, ST 4R i T S T RS
WME 2 R, mHAEERZ (a) 2K,
A7 b2 PR BV T Mt A5 31 ) A s AR AOR)
B(e) HELT AW AEURIREI S, 2 R R
2RI 55 IR A5 2 (1) A M 43 PR IO R, KA
LR AL R ERIR A e, Y05 60 YRR kL H
BRIRAIST /N, T RERIR A H ) B Fohr /)N

Fig2 Electron microscope scanning of different budesonide microparticles ( X 40 000 )

24 4H

FHLLANERE (FT-IR ) Kl 445 R
KBr /& K, 7E 400 ~ 4000 cm ' % %4 7 B Py #F
rHEd., WK 3A TR, e, f. g, h{EIK 3492
cm ', 2956 cm ', 2933 cm ', 1723 cm .
1667 cm ', 1098 cm ™ ' f7AE ] B AYERIENE, SR
BEZGIETE | A —2, KRS A% T
o L) W 6 7V FH R I I8 AR AT b 2 A ks 245
My, fEd Me, f. g. h P JE/KEES 1614 cm™ '
FRRIEIEE 2, TR R BENE Th B iR 3 5 45 5 1
HEAEH, ERTESY ",
25 FA

AR X SN AR (PXRD ) Kl i
B AR T, R IURE 24 A (R R 2 RN 25 et
e AR R A A AR b, ) Cuk RSG5, 7
3%~ 500, A 10min ", K 0.020,
BIE N 40kV, FHFN 100 mA gEATHHE, 04
Hfb kAR b, iR 3B R, Wit 5 A 4 43 A
ZEPEIO R, (45 Me. £, g. h) fE20° K 6.1°,
10.1°, 11.4°, 12.0°, 13.8°, 14.5°, 15.4°. 16.0°.
16.9°, 18.5°, 21.1°, 21.4°, 22.8°, 23.2°if H ¥ A
WRRTEE, SAT AR R 2 A —3, E£B
WAL S, UL R RIS A s TR DL R
B 7E A F A o O3 A S B S R 5T IS 1)
HSPC- J& /K S AL 85 1R A ok ks d 7E 5.4°, 21.5°
AT, XA A T A AT ST A
26 HMETRE

HEm AR, TR s B s AT = R
FRkErE ", 2R EiEGE (DSC) KA
ASUREE . Z4: JE35 ~270°C, LL20°C ¢ min

N

FEZR M 30 CTHEE 270 °C, 7ERSET, ¥ 10
mg 22 A7 0l AR AN R fORs JUk (Y
DSC £k W.IE 3C , Wi+ )5 0 4 0y Ais 43 FE 0k it
$i DSC ik (e, f. g. h) S FEFRIZG (a)
DSC #h&#B RA — AW, 4 A% T4 5 1 A
b 75 TR U 1Y) IR PG i AR, 29k 249 °C
JRRZ 2 260 °C, X AT RES RSN S T HSPC
XA AR ) BEE G G, HSPC 125 CH IR
FIBE IR ARSI, T A JC /K S i e 55 T 4
JIA3H d M e ~ h hBElIg A ARIGIH R, 5 FT-IR 3
R —E BRSO B R T BRI S G T4
A, AR R R A AR AR R P
2.7 ARAMTEH
270 JiikseEs

@ a1 . Agilent ZORBAX SB-C18 4%
(4.6 mmX250 mm, 5um); WahMH: &N -
K (55:45, V/V); Wi 1.5 mL « min~ ' K
PR 240 nm; AEIR 30 °C; PEREARER 20 uL!Y,

) A b2 BT R S VS VR BC T - G 23 R A s
ZRAEXT IR 20 mg, BT 100 mL S, FHHEE
WP 22, $25). RS 2 mL fii i
ZEPEVSW, BT 100 mL &R T, W ERREE
ZIE, f5), BRI IE N 4 pg e mL™ " HYX)
HE VAT

@ AR ERNGEW : FREE A A S s
WG M 9.7 mg (FE/REE R 2 1) T4,
P, FEAMGH HFA134a 9.2 g, HI40 82 A%
ANRZER] Was BN 1R, RIESs, FE00
59k, dAEERCES . DUSA4Y, WESIKRE N
283 L emin ' (£2%), WFR A EIHAGE ALY
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3 AFERHERRLILL DS (A) . X SFLATSE (B) & DSC ik (C)
Fig3 FT-IR spectra of different microparticles ( A ), XRD patterns ( B ), and DSC curves ( C )

P, SEBRImES 1R, R S s, BUR A E . H
F BV e RN g4t . JE B8 1 DUSA 45 2 50 mL
IR, WBEEZIE, 25, £ 0.45 um PTFE I
g, B AR ERIAT

@ PSR s AR SER 1 RE, JREES
s, FEIHTS K, 41%EERAE . DUSAE, WES
RYH R 283 L » min ' ( 2% ), BFIL A E i
AIERCERN, SERImES 1k, #RSs, BUFIA
2HE o 1 DUSA 4 RS2 AT B 1 mL,
T, W BESH TR IELC . iEBCAF A DUSA
BESomL i, WMBEEZIE, &5, 4045
um PTFE JiSat g, RPA RS s

® LJEPEZ L. BUm M2 8 BT RTE (4.00
pgemlL ), FHAEMER . AR, i
FEMIGE . GnlE 4 FioR, 25 AR S FIE s & v
TS g EE, HAGKME R 5 H A
BRI B EAMIE T 1.5,

) — ST :
oa s LY ] 78 o

\
e — P —

an 25 ) 7.5 160 =
[l 4 At sy @k sl

Fig4 Chromatogram of budesonide

A. X BE 5 W (reference solution ) ; B. 25 1. %5 7 & & (blank
aerosol solution ) 5 C. it i /i ¥ W (test solution ) 5 1. 77 Hli 7% i
( budesonide )
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© MR RFZLL . il RPN E N 0.40 .,
1.00, 2.01, 3.01, 4.01, 6.02, 10.03 pg * mL '
(AT LSBT AR, A3l EREI A o XA 4 1
W T FRURI S B v FE R A TR P 000, 453 W15 R
FY=2513X10°X + 551.8, r = 1.000, fikbhzs
73 I F UK BEAE 0.40 ~ 10.03 pg » mL~ ' 5 0 i AR
LM RRRA.

O EREMWHEE AT EX RS . TP
28 AR — AR A7 7 R RS . (DUSA)
B, HB R — R TINE AR, & 6y
TAEW, AR BT A i e BE 17 100%( DA REEK
HHOREhAS (Uil Bespak, Hlt*5: BK0553598) {547
28170 pg M 100%), SEFENE, AR & & RSD
H ] 0.50%, EE MR RATEER,

@ IR EEL ., F A A FExt B AT,
i, S HARER— AR DUSA EH, ik
F I — A I 25, 48 3 R BEK T
TAEW, HAAWBE A6 30 TR, X3
AR PE K43 3 A R AR FE Y 60% . 100%
140%, 7 HIE AR, 25 R4S e K-
SEH5 245 51K 100.9% . 99.9% . 99.6%, RSD
{HY/INF 2.0%, PIGRIRZERAF AR
2.7.2 IREMRE HBEAE PET HAE MEM, i
% a- TEMM h-TER, BREFIRE S s )5
BOWEHE 3. 10, 30, 60 sIRERE, 45
R S iR, a-AEFIE3 s O R4 T2 EE
PG, 10s 2B NIAE, 60 s BFITRERA 2 ; 1M h-
KEFMNIFETHEZE 60 s, TR HRAR IR
R, TCRBERUIREIS
2.7.3  EREFEY—ME R DUSA &1 8
eI —PE, BIASIN 22 vk I A2 f 3e6 16 751 1 5 °F
PER 2SR, BUREH 1R, RFESs, 7L
BT S5, ZH2EER S . DUSA 4, BB SRR #E
3283 L emin ' (£2%), P A EHH ASE AL
N, BRE 3 s IEmTET (HE 10 s [ 60 s J5 BT
F) 1, #5s, BUNWAZEE . FH B
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B 5 a- AZEFIHN h- G55 E AN R LS A TR AR

Fig 5 Suspension effect of the a-aerosol and h-aerosol after standing for
different time

A~ D. #¥ 3. 10, 30, 60 s 51X} L& ( Comparison pictures after
standing for 3, 10, 30, 60s)

JEAR . IEECAS M DUSA ENER, AT RO
B2 50 mL i, #&5J, £ 0.45 um PTFE €
U8, HEEUE TR AE Ak 2% 0 S — PR A
o H HPLCARKRIAZESS 1, 2. 3. 50, 51, 52,
53, 98, 99. 100 #kfsa L&

WK 6A iz, #E 3 s JaWisTny a- < HHT .
H L JE 10 BES YA YE E 3 B AR AR [ 24
FIAEE 75% ~ 125%, {HFFE 10, 60 s J5 355 HIHT
e 2R AR A A S e R T
FUEME, WikFlE—r2, E 6B iR, e
3. 10, 60sJ5 M h-ZEHIHI. . J5 10821
AR -R{E o ELERERUE B E R N, #E 3s)a
B RF X S 2908 29 HEAE 94% ~ 106%, H RSD{E
H 3.4%, PRBLH R G 5] E A —
274 ERENFERBSAA T AR E R
APSD HR5E T 24 W) Fivkr 78 W I 38 i UT RS, S
W AR5 ) B ok B o w pE e, AR PR
25 311 ) 2020 4 B U 538 ) < 0951 > K, KB
— RS A (NGI) B9 05 m 2 FAGE, AT
AR R LY A U 1A i AR R R 30
Lemin ' (+2%), HFRESHE, RERALE
5s AR BIRE 1k BUF A BIR$E S5s, 1
WA AN IEBCAR Y, WIS 2 Wk, EEISERL 10
W fEfa — U e, BUF R ARE, KHE
A WS VRO 2 100 mL #=iiH, 5
SRS VEIR shas . GERiAy . HAWER .,
S UCEEZ EAIN AY 50 mL B, WEUEEIES 1.
2. 3. 6 X mocEEEE 25 mL i, JEYEM
WesR 7 WCEEJZ 2 10 mL B A, k22 HY s B
BN, $5), ENEEHK B R . moc WEZL
0.45 um PTFE i &, S8 pE A i A
FH HPLC $EAT 3 A, $22 /M ik LA UG T AR 3
BRI YUURRE, THEMCTEM S5, W

Klo a-ZH (A) Fh-Z5 (B) B 3. 10, 60 s J7 13k
B

Fig 6 Delivery dose uniformity of a-aerosol ( A ) and h-aerosol (B )
after standing for 3, 10 and 60 s

AR A ke (FPF), Big S8l Ji2¢ A
% (MMAD ) MJLfkriEfR2E (GSD ).

WKL R AR XT FPF (EA Bl s, kAR AR X
/N, FPFAEER R, fefd 254 B 2 M o 7 il
e S AN EVSIE, BT DL B i R Y T 60 YR -
TRA% B A Hb 2 POk Uk b i) £ A b 23 A 1
KER (h-RER), A b2 1850k 2 a il 2 1)
SER (a-RFH)) #H1T APSD SLEHHE XS HE
W2 2 i, a- KZEFIM h- 557483515 7 FPF
fH, 2510 51.91%. 48.39% (P < 0.05); h-X
Z ) MMAD {8 H a- KZEFRIFE K, 43500 3.09
um 1 2.66 pm (P < 0.05), FEERARGA, XN
() FPF {H B A%, PR S5 GSD #:iE —2k,
ERIGIFEX (P> 0.05), WA 7R, %
PR ZEFTE NGI 2R A A —2 .

£2 FESZEFE FPF, MMAD X GSD 48 (n = 3)
Tab2 FPF, MMAD and GSD of different budesonide aerosols

(n=3)
FES AR FPF/% MMAD/um GSD
a- 5 51.91+0.02 2.66+0.10 1.68+0.03
h- 27 48.394+0.01° 3.0940.02° 1.67+0.01

T 5a-"AEHIMIK, P <005,
Note: Compared with a-aerosol, P <0.05.

3 g

APSD 155 3 5] 2 45 — PR R WA U35 3R 5%
SRR R, AUTIUEL RO | BT
WA B Wi A0 BB A W 0 75 1 A 3t 2 i
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Bl 7 ARl £ S 25 e NG TR (n = 3)
Fig 7 Deposition data of different budesonide aerosols in NGI (n = 3)

BHGR, FA5 1R UTR & s . Bk s —
PEGF R I AR TER A S, ik 285 R A F
R T AT IR

BRI AE by i 2 T V3% PR 00 ) Ry, IR
WA AT LA Ac s RO [ fii ] B A2 A%, e il g 7K
kR ez U HSPC X BEIR L&Ak,
K BiNE b B9 AR AL A S B . HSPC A M
TR, PREFERRIEAR, TTIBENGR, ok
TBEAR TP 5 AL R, FRETE . FL
etk BEME. Ao R S A R AL
H BEIRT R R S A S,
B BR A AR IR, R AR . IR
A SRS X AR 22 4 1)

2019 47 E AL E T B9 TR T 1 B Y
IR —— A AR AR A S, R
F—FhwiEE AR IERENS AL (DSPC ). 49K
IRkt RACESSFIE A HE " %T DSPC, 4
IR e S AR A o B, AR SEEGR ) S A LK
AR AH R B (9 HSPC A Bly 857 610 742 245 1y Wk,
AME IR b, BARGFRIR M (E .

IR 175 J RIS S5F 22 ) 8 A2E IS I ] X6 328 326 5] d
P — A EE RO, N (R]E 3 24 ) i 22 B
MO R TR AR bR S T R W 5 1 AR
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VAL, B SE T KSR AR N, R R i
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X A%, FHAE, HE, TETF, FRE, IMER CLHAREHZ RS, WH  110016)

HE: BY MNEREROGSRIEHTHR, ASEREFMIKRERETIE, RIETEREE,
FiE ABARE LKA R A PTIRERLE, &t T AT AEFTBRAMRY §IKEHARP
3k, 26 VR PEIFH KRB GLSRIE, ER @it MS, 'H-NMR #= "C-NMR ¢
FENLRAATT LEMAIE, ZHRACR LM, R T XA, BARETIEA 18.7%. it 17
BT, TIEMZAIZR T T Aktbag & ik,
KEE. XARER; ARIE; Tl

FESES: TQ460.6 XHEEERIRAD: A
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Synthesis of deoxycholic acid

LIU Hui-qiang, XUAN Bo-xin, SU Rui, WANG Hao-yu, WU Cheng-jun’, SUN Tie-min" (School of
Pharmaceutical Engineering, Shenyang Pharmaceutical University, Shenyang 110016)

Abstract: Objective To determine deoxycholic acid, and control the impurities of key isomers,
ensure the stability of the process. Methods We referred to the route reported in related literatures
and original patent, designed a synthetic route of deoxycholic acid, to protect the 3-hydroxyl group in
the A ring of steroid structure with p-methylbenzoyl. Successfull sythesis was done through 6 steps.
Results The structure of deoxycholic acid was confirmed by MS, 'H-NMR and "C-NMR. After
optimizing the reaction conditions, deoxycholic acid was obtained with an overall yield of 18.7%.
Conclusion Industrialized production of deoxycholic acid with stable and controllable quality is

achieved.

Key words: deoxycholic acid; synthesis technology; industrialization

FE MR ( deoxycholic acid ) X 24 i A AHAR ,
{2240 3a, 120- 323 -5B- IRLER, & EEAE
TR B —FPI B AR, REMIR RIS g 4
FRORSE, /N R0 B T IR s s . eEIlER
EAINA U7 il EZST/NIEI B2 Oy i = W L 78 e -1 L O e s
32 5 BN TR BRI AR DG 1Y v BE 28 i R A B 5 L B
I TR Y, AR CRUR BT A ARRR T A
WF 20154 4 H 29 H t FDA it 7E 32 & T,
P E L WA H AR R LT, (HERZ K
WFFE ARSI FE X S A AT &, Herb e Bt i 3
PR 2GR AT BN F) IEAESEA T TN ARG

LA A2 AR R £ EOR TR T s iFE, 3
HAp T SARMAE MR, KSR, N2
i S E, FDA (LIRS iR 0 2
iR TSR & . Rk, REMRAA T2

BE R T 25 AR A R AL R OCH 2 A A AT
KICHR, JEBEL R A LR T, PR [R] 2%
DL ANBR L, AT TR LA O- S FE Ml I — B
(9-OHAD ) itk G il 20 , Eid %%
AR, e LIRS T ZS8, X
TR AP BEA TS, BfR TR0, 77
iy CIE s

SCHRARE 25 AR R 1Y F2 0 A i 2k 2 B A
P .

SF—Mu UIRRO e e (LI 1), &b
RN, K 7 LA P S A B
RS IRUN LY ArS AN BT e SAY) Wy e S
AR P BRI D, Hil TR
IR Ko A T ST INE, mTBE S5 A R R 4l
BRIl e FEOL AR Ik, AfE

EBRN: X, B, Wit, FENEYEM T A, email: livhuigiangl991@163.com ~BEEE: ZM%E, B, B, =
FNHHSE LI 2545 8 T 255, email: chengjun871@163.com; FMER, 5, #47, FBNFHGLWTIRAL S

25T, email: suntiemin@126.com
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YRR IR PRI T 41
S TR AR LU R U B2 A TR Y
9-OHAD (ULIE 2) Ak AT HIAR LK AT AR S Dt

BT DU ARG YRGS Y 2k

B, S R A 2 IR B T AR R T
PARERR A e 46 Hrkh s R i A= ) 22 ViR, HL R
BT Z R, RIEER, R alhE.

Fig 1 Synthesis route of deoxycholic acid from cholic acid as starting material

P2 L O- MM — B AR A el i 2% e HE R P e 2

Fig2 Synthesis route of deoxycholic acid from 9-hydroxy androstenedione

AL BT E N LR A B, R AU R A R AR
JE AT ) e £ B BE A B DAAS R R R 47 3 i 7%
Ay L R RIS S i vk, DR
A X0 T e R 0 Y S Y i
SNSRI PEAT IR, FFREAT IR ST A i o5 25 U
R, RV LA R O (R S AT 25
MR T 2T RME, HALR T

Ok T 4R AN H B, A 550
Wi, 5 EAd ] ELSD 8¢ CAD #6: il &5 %) £ 4> h
[EMARGEA TR, AH RS T e, ol P4 T T
IS PP PR 5 ] AT B AR ZE 4 v | AL it
ik 7 NN O AL Sk o o2l D & TS REN P
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QT AW RE P LI, VIZE L)
a8 SRRy, el Ak AR, LA
X FH R H BRSO i R R A 7 SAvietRe, Hhla) ik
8 K HoAt PR A PR Y (AR, 22
3 i S T X ol 117 21 I = S R A Rl 151
6 S a8 I AP FEHL, FEPEA 8
I EAREIL T, dH 2R ZEERT Rl 8 HEf T4l
1k, LU R A AL B A i, AR TS Bt
Xof e SR A B A P A SRR R BR s, AR
WEREAR T AR, MmimiEnl i,

PRI, B FE SRR R gk L fR b 2 i i 4% 2
AR, 5% P XA T.Z 9-OHAD #) 6 7 47
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RAWIIE, AT ABITREERS L, XF 7 22
SAMRRR AT IR Y L AR BT, X SCBE P A 8
TR AT THESE, TR TREHIDT AR

B3 k)R i SRR A UL

Fig3 Improved synthetic route of deoxycholic acid

1 ##

e 2R g s e, fbA 6 (4l
= 99%, HAMICHERIZ5A AT 5 PR H g
(4l = 99%, M % B Tl & A R
H); LHTFEE (1.5mol « L', #HERHLIL
WARAF) ; T EILAIERE (4= 98%,
AL AR FIEARAF) 5 10% 486k (PEvg
Fite BE BT AL BB A A B ) 5 Agilent 1260-61208
A (R FEZHERRH AR/ F) ; BRUCKER
AVANCE400 G IR (P8 E S R
FRANE]DD
2 KIERS
21 a4 7 A K

] 20 L s &8 Hin A — & H be 13 kg, Hidtn
A 1kg (239 mol ) tb&% 6 #1514 ¢ (5.97 mol )
WSIR R, RAMRY, RMBEERE—5~5T,
W Mm15mol e L™y — 4 & K441 kg (7.17
mol), ¥R —5~5C, W, #FE30min, &
R — AT R 2 25 ~ 30 °C, $itHER v 44 he

TLC Wi b5 % 6 A by 56 4 (1F BEf -
LPRZTE=511, 254 nm UV (%), 4] 50 L )2

HFE TR 8 T AR 10 (R T 2340,
AR TiEA T2 T.7, BARE R
BELRNIE 3 P

NAEFMALEfEK 20 L, FEIRZE 0~ 10 CTHiA,
2 20 °C LU S g i A LAk

SRR EE, R 15 min 5, $REOW, A
MU S LAY 1 mol « L " 3hARVES 2 Wk, HH 5
L 1 10% FALERIE e 2 Ik, A LEIKAR,
A BE L LA, A I AU SETT R e
DU KR (THF ) 2 LX2 #4755 4h
Jin THF & 7 L T &4 .

'"H-NMR (400 MHz, CDCl,) §: 7.91
(d, 2H, J = 8.0 Hz), 7.19 (d, 2H, J =
8.0 Hz), 542 ~5.41 (m, 1H), 5.33 (s,
1H), 498 ~4.96 (m, 1H), 3.65 (s, 3H),
237 ~225(m, 5H), 2.21 ~1.93 (m, 6H),
1.86 ~ 1.72 (m, 11H), 1.63 ~ 1.52 (m, 5H),
1.36 ~ 1.15 (m, 3H), 1.10 (s, 3H), 1.05 (d,
3H, J=6.84Hz), 0.67 (s, 3H),

"C-NMR (100 MHz, CDCl;) §: 174.35,
166.12, 157.54, 143.17, 141.61, 129.55,
128.90, 128.16, 121.59, 119.07, 75.08, 67.92,
53.91, 51.42, 45.63, 41.93, 38.95, 37.21,
35.44, 34.82, 33.98, 32.27, 31.96, 31.89,
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31.60, 29.64, 27.98, 26.71, 26.65, 25.61,
22.31, 21.61, 15.77.
22 a4 8 A K

] A S N 28 I AL B 7 B THF %A
10% #205% 122.0 g (%7K & 55% ), AAEH 4K,
HHAS B 4 KGHESE 1.4 MPa, 455 E T
1.2~ 1.4MPa, 25~ 40 CHitf 16 h 24515 1k

SR LE, UERIRER GG =T, A LR
CBEILATHK 2h, U8, T1R15H 5 9654 ¢,
LA H OB COBRRSH, SHE6 Y 8 1t ik
862.6 g, A BMCRH 70.3%.

'H-NMR (400 MHz, CDCl;) é: 7.93 (d,
2H, J = 8.0Hz), 7.22 (d, 2H, J = 8.0 Hz),
536 (s, 1H), 497 (s, 1H), 3.68 (s, 3H),
240 ~2.28 (m, 4H), 2.28 ~2.20 (m, 1H),
2.13 ~2.05 (m, 3H), 2.02 ~1.63 (m, 11H),
1.46 ~ 128 (m, 6H), 1.24 ~ 1.10 (m, 6H),
0.94 (d, 3H, J=6.36Hz), 0.60 (s, 3H).,

PC-NMR (100 MHz, CDCl;) §: 174.71,
166.18, 143.21, 129.56, 128.93, 128.21,
119.53, 75.17, 56.07, 53.26, 51.49, 42.02,
41.85, 40.93, 38.63, 36.52, 35.47, 35.24,
33.97, 31.05, 30.99, 29.66, 28.29, 28.00,
26.90, 26.81, 25.31, 21.65, 17.96, 11.67,

23 a4 9 mae K

] 20 L N 28 H Al LR g 8 L, Hhfa]
1K 8800 g (1.58 mol ), JHIRZ 50 ~ 55 CHiFkA
JEIMAZNE 1.6 L FiggAbg 210.6 ¢ (1.11 mol ), 2
IR 50 ~ 55°C, S 70% AT Had A AL E
(TBHP) 33+ 813.6 g (6.32 mol ), gl 52w & h
HHR N 70%TBHP 243.9 g (1.90 mol ), 4RJ5HFE
1 h FEEMIIT 70% 1Y TBHP 81.4 g (0.63 mol ), kM
7o AMIMSEEE, YRR 50 ~ 55 CHidER Y 16 ho

TLC W v E) 44 8 A S by 5¢ 4 (1E B &t -
LR WE=15:1, 254 nm UV B), RV
220 ~25°C, MEMNETZEEMA 15% BE
BRERENTA TR 3.2 L, FFHE 30 CLATFBEdk s 0 15
min, A ki £ T ug, WEVEH O
CMiE 1.6 LEU 2 Ik, U8R 2 20 L &,
P 15% WAL RRENA IR 3.2 L PV 2 K.

YRR SERE, 20 ~25°CF, [aA HLARH 40t
AR TR E (PCC ) 340.6 g (1.58 mol ), F
¥ioyh s dit, BWIEIREG 1 h AT kL, ke, 6
FEI N 16 he

TLC W5 MZ S AR 58 4 (IEBEGE - 4R &
fis=4:1, 254 nm UV W.{7), A3 [ - 6 Ak
T+t g, VEVEFH IR TR 1.6 LR 2k, UEW
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HEE2LMEY, 45 2mol - L7 HCI
VeV 2 WK, PR 15% 09 AR R BN VA R 4% 3 IR,
VI SE HE A HIUAH DR e 4 -

Wwanse e, YA b 1.6 Lk,
FERE 4.0 kg ¥ FAE, W ke iR T
JZAT, AR BRSO TR 4, WRAR sk R
HIEPHE 5.6 LT3 2 h, 1d3E, TELE% 9 1
O EK 486.5 g, WOF: 59.2%.

'H-NMR (400 MHz, CDCl,) §: 7.91 (d,
2H, J = 8.0Hz), 7.23 (d, 2H, J = 8.0 Hz),
577 (s, 1H), 5.00 (m, 1H), 3.68 (s, 3H),
246 ~226 (m, 6H), 2.18 ~2.07 (m, 2H),
2.03~1.70 (m, 10H), 1.54 ~1.24 (m, 11H),
1.04 (d, 3H, J=6.4Hz), 094 (s, 3H).

"C-NMR (100 MHz, CDCl;) &: 205.29,
174.73, 166.15, 164.18, 143.43, 129.59, 128.99,
127.88, 123.75, 74.09, 53.52, 53.11, 51.50,
47.30, 41.91, 40.04, 37.87, 35.31, 35.15,
34.18, 31.50, 30.67, 29.80, 27.84, 27.40,
26.58, 2623, 2424, 21.65, 19.53, 10.77,

24 AU 10 B A K

] 20 L &AL W24 A 14.4 L R
M, 480 g (0.92 mol) k&4 9, 30 ~ 35 CHigdt:
WA, TN 10% 4865k 240.0 g (F77K 55% ) Btk
A1, AAEMW 3 W, HHEAAEK 3 ), /5N
JEZ 1.2 ~ 1.4 MPa, 50 CHtE v 8 h, Tk,
AR

BT €W P im A PCC 79.5 g (0.37 mol ),
PEFER N 10 h, TLC WillZ4 5T 9-1B A1 11-1 (4544
WLE 4) st as (IEBRGE - ZBROTR= 4+ 1,
g, oFuE, BRI 15% AT R Ah %
W7 LM, FAHAi K% 4 Ik, AP
¥R AN ET, T IR E .

4 hialf 10 @1k TAR B

Fig4 rework treatment route of by-products of intermediate 10

] 5 0L 28 A 10% #8A% 96.0 g (F77K 55% ),
AAEMRIR, BFHARERIR, dNMER
12 ~ 1.4 MPa, 50 °CJZi 4h, i, JERSERSE
2, IMAIEPHE 2.88 LT3 2 h, I3, 50 CHEXL
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THEAMEEY 10 A 2812 g, BCR: 58.3%.

'H-NMR (400 MHz, CDCl;) 6: 7.92 (d,
2H, J = 8.0 Hz), 7.24 (d, 2H, J = 8.0
Hz), 496 (m, 1H), 3.68 (s, 3H), 2.52 (t,
1H, J = 12.0 Hz), 2.45 ~2.37 (m, 4H),
231 ~223 (m, 1H), 2.10 ~ 1.53 (m, 15H),
144 ~ 129 (m, 6H), 1.22 ~ 1.04 (m, 8H),
0.87 (d, 3H, J=6.4Hz).

BC-NMR (100 MHz, CDCl;) &: 214.87,
174.69, 166.17, 143.39, 129.57, 129.00,
127.97, 74.04, 58.70, 57.55, 51.51, 46.47,
44.13, 41.41, 38.17, 35.68, 35.64, 35.43,
35.02, 32.27, 31.31, 30.53, 27.54, 26.97,
26.51, 26.03, 24.36, 22.78, 21.66, 18.61,

25 LAY 11 A

] 5 L NI 45 A THF 2.8 L il 280.0
g (0.54mol) L& W 10, ZRIEHIE, AX
RPT, KREABERE—5~5C. Zi2HEn1
mol « L™ ' #J LiAl (Ot-Bu) ;H 1080 mL ( 1.08
mol ), THEE, #ERF— 5 ~ 5 CHIFEIY 40 h,

TLC YWailfb &4 11 Je i 584 (IEBEE - 412
ZlE=4:1, 254nm UV @), [mWikzR$
SN N 4 mol « L™ ' AYERFRIA TR 267 mL, IR
30°CLAR, ike, #FE 15 min, FE W AL
AEA B 5% R S AN 1.1 L 3Es—Ik, B
W AEALENEE R 1.1 LYEEPIIR, A HUM 8 R
82T, MIEPHkE LI LI 2h, oFuk, TH:,
farpaA 11 2482 g, Y. 88.3%.,

'"H-NMR (400 MHz, CDCL,) §: 7.94 (d,
2H, J = 8.0Hz), 7.24 (d, 2H, J = 8.0 Hz),
496 (m, 1H), 4.03 (s, 1H), 3.68 (s, 3H),
242 ~235(m, 4H), 229 ~ 221 (m, 1H),
2.06 ~1.82 (m, 7H), 1.76 ~ 1.29 (m, 15H),
1.21 ~1.10 (m, 3H), 1.01 ~ 0.97 (m, 6H),
0.71 (s, 3H).

“C-NMR (100 MHz, CDCl;) &: 174.71,
166.25, 143.29, 129.59, 128.97, 128.13,
74.62, 73.18, 51.53, 48.35, 47.37, 46.51,
41.94, 36.02, 35.08, 34.95, 34.19, 33.74,
32.32, 31.04, 30.92, 28.80, 27.45, 27.00,
26.69, 26.04, 23.61, 23.18, 21.65, 17.37,

2.6 EEJHER M & B AR

] 5 L W43 A THF 1.5 L, Jo/KH
B2 1.5 L, Ak 11245.0 g (0.47 mol ), 20 ~ 25°C
PR, BIRZE 10~ 15°C, /4 mol« L'
PR EALBNA W, JFEHNRE AR 25°C,
SERESR, RFR 20 ~ 25 CHEFEU 20 he

TLC W5 p[afR 11 s seke (IEBEGE - LR
LHE=4:1, 254nm UV B (), FN I E A
A RBRER, Wedmoese, nAgifbk 3.0 L, =5
F e 1.5 LAEE 2 Yk, /KAHH 2 mol » L™ ' $havs
W pHE 1~ 2, i REAGEAR, BHidkl
had g, gifbKyEguEvF 2 i, 50 C T s H
FRORURE 1.5 LFT2E 6 h, 198, Tfs 2 A IR
i 163.4 g, W% : 89.1%.

2.7 EEEER M & R

M5 L s almAgifbk29L, %
ANH R ML 160.0 g (0.41 mol ), FEHET A A
140 17.9 g (0.45 mol ) 5 400 mL 4t fk 7K B il %)
VW, TR, RREH, B &AWk 1.6 LA
B vk, K AR Ao AT A 0.80 g, 50 °C i
30 min, #FPE, KAHFEIER ZE 20 ~25°C, JEhn2
mol « L™ "My Eh MR iAW, MW pH 1 ~2, #r
WREEGEA, B2 haidiE. aifb ke
UEVFE PR, 50 °CTRAS A HERORS il & 153.1
g, W& 173 ~174°C, WE. 95.7%, ESI-MS
m/z: 391.2 [M-1] ; HR-MS: Calcd for C,,H,,0,
392.2927, found 392.2929: 'H-NMR ( 400 MHz,
CDCl,) 6: 11.92 (s, 1H), 447 (d, IH, J =
40Hz), 421 (d, 1H, J =4.0Hz), 3.79 (m,
1H), 226 ~2.19 (m, 1H), 2.13 ~ 2.05 (m,
1H), 1.84 ~ 145 (m, 11H), 1.37 ~ 1.16 (m,
11H), 1.07 ~ 0.851 (m, 9H), 0.60 (s, 3H);
“C-NMR (100 MHz, CDCl,) &: 175.40, 71.46,
70.41, 47.91, 46.61, 46.45, 42.07, 36.75,
36.11, 35.62, 35.44, 34.27, 33.38, 31.27,
31.20, 30.70, 29.06, 27.65, 27.45, 26.57,
23.97, 23.54, 17.36, 12.89,

28 FF82(H£EMIES) BH &

Bl 8 A IR e 4, 15 12.5 g i
A, SEATOR SIS, AR TR 0.13 go

'H-NMR (400 MHz, CDCL,) : 7.94 ~ 7.96
(d, 2H), 7.22~7.29(d, 2H), 5.47~5.48 (d,
1H), 499 (m, 1H), 3.70 (s, 3H), 2.27~2.42
(m, 6H), 2.00 ~2.16 (m, 3H), 1.54 ~ 1.88
(m, 12H), 1.14 ~ 1.47 (m, 7H), 1.11 (s,
3H), 0.85~0.87(d, 3H), 0.73 (s, 3H).

BC-NMR (100 MHz, CDCl;) &: 174.54,
166.26, 143.24, 140.26, 129.57, 128.94,
128.24, 120.02, 75.27, 52.47, 51.51, 51.15,
41.92, 41.75, 38.82, 36.91, 35.60, 35.53,
34.01, 33.57, 32.49, 32.40, 29.58, 28.01,
27.51, 27.23, 26.88, 24.99, 22.88, 21.65,
16.64, LC-MS: 524.4[M + NH,] *.
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T 222 2023 4F 6 H 55 21 % 45 6 1)

Fl5 rhinlk 8 e

Fig5 Impurities of intermediate 8

29 Z29-1B (WLIH 4) iyl &

] 100 mL RO 23 m A H A 9 (5.0 g,
1.0eq ). THF 50 mL, $iifFEME, MoKIBHRE
0~ 5C. mRMENZHRUMAZ LR (0.36 g,
1.0 eq), MUBHSEEE S FHE = 20 ~ 25 CR-EHE
2 h, TLC Wi a Ak 9 JEA i i 58 4> (1E BEbe -
LIROTE=4"11),

SN R e 4, IMAERE 15.0 g PEREEAT
FEEMT, BB - ZIROHR= 10 1 1 53RME, Ik
LE BARZAS BRI, TR AR AR 3.41 g

'H-NMR (400 MHz, CDCL,) 8: 7.94 ~ 7.92
(d, 2H, J =8 Hz), 7.28 ~7.22 (m, 2H),
522 (s, 1H), 5.01 ~4.96 (m, 1H), 4.15 (s,
1H), 3.68 (s, 3H), 2.41 ~2.37 (m, 4H),
233 ~225(m, 1H), 2.18 ~ 1.24 (m, 22H),
1.14 ~ 1.10 (m, 6H), 0.64 (s, 3H),

“C-NMR (100 MHz, CDCl;) &: 174.80,
166.21, 143.31, 143.15, 129.56, 128.96,
128.12, 125.23, 77.55, 7491, 57.21, 51.77,
51.52, 46.11, 41.83, 38.54, 36.17, 35.32,
33.98, 32.95, 31.79, 30.17, 29.64, 27.93,
26.63, 25.76, 24.39, 21.65, 20.03, 7.10.

210 Z2)% 11-1 W &

1] 100 mL B i H 2 S AL &9 10 (5.0
g, 1.0 eq) M THF 50 mL & B PEIE ., A S
BRI, KEABIRE—5~5C. Z12HIN1
mol « L™ ' f) LiAl (Ot-Bu) ;H (19.2 mL, 2.0
eq), THEE, 4% 20 ~ 30 CHEHERY 40 he

TLC Wi &9 11 Je 5 4 (IEBEEE - 1R
ZlE=4:1, 254nm UV B.008), [ WIKRPZE
T3 N 4 mol « L™ ' AUERERVA I 5 mL, i 30°C
PDIF, W) HidE 15 min, #E O W, GHAED
S 5% IR S ENIATR 20 mL PEE—IX, HFMA
FACENA T 20 mL PEis—IK, A HLAHN TR 46 2
TIRHATHIZNT, BB - LR AME= 10 : 1 7
VEME, W BARA, DRMARTS AR 1.2 g

'H-NMR (400 MHz, CDCl,) &: 7.96 ~ 7.93
(d, 2H, J = 8 Hz), 7.28 ~ 7.23 (m,
2H), 497 (s, 1H), 3.50 ~3.46 (m, 1H),
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242 ~ 237 (m, 4H), 233 ~2.25 (m, IH),
1.98 ~ 1.86 (m, 6H), 1.78 ~ 1.46 (m, 11H),
1.39 ~ 0.96 (m, 14H), 0.75 (s, 3H).

"C-NMR (100 MHz, CDCl;) &: 174.82,
166.20, 143.33, 129.56, 128.98, 128.13, 79.54,
74.55, 57.41, 54.50, 51.53, 48.00, 41.66,
39.35, 35.05, 34.58, 34.52, 32.71, 32.37,
32.21, 31.24, 29.40, 27.00, 26.74, 25.92,
23.92, 23.61, 23.23, 21.66, 21.05, 7.92,
3 #RE5iTe

AT EVEGI A Bk 6 V5 AR Yk
VEATRFST, 38 1 A TR AR OGSOk Y, e G A R
AR T S B %558

AT A 7 Stk iy, e DL o B 45 ik
fraifl, BrRBE A aA 7 v 28 A R AE Rl A
8 AT T, R X B B XU 5 v 1 S A
R8T 8-1, 8-2 Fll 8-3 HEATWFFY. Wi T 24k 8-1
2% 5t 8-3 Mt k2 3/t , HPLC 1E [a] — {or B HY U,
LC-MS Z5 58 5% 8-2 AHIE], DRIk, e T 4%k
8-1 FIZ4 5t 8-3, M= 8-2 Mt Mk, 2R
8-2 T HE S H (R4 8 74 JF s i Hp 11 7= A X A
M 4% 5t 8-1 1 4% it 8-3 D)2 7 il £ (] {4 7 Bisf ™=
AR R SRR, B R A 2R T 8-1 FI4R T 8-3

TERE 5T 2o B w0 08 T AN [] 1) e 7 2% 24 4n vl
B SALE T, AR A, Fras Rl ik 8 B
SR AR AR BT A B AR —35, i ek 8
(T S A A 2 o A AT O o, X ) 44 8
FEHIJ R AT, Ayl RN E . &
1R £ TR RN R BB T BE ik X A [a) 44 8 EA T A ],
SR TG 2 s i, R EEAT R 2 h )5
UESEITIE, WA SN 1 R,

F1 HiEE 8 REAFIFES HPLC MEL R

Tab1 HPLC results of refining intermediate 8 with different solvents

i bl FUE /% 8-2/% 8-1/8-3/% B %
HHLi 93.87 0.44 1.30 /
S 97.95 0.34 1.10 88.0
PR 97.95 / 0.24 66.9
IR 98.26 / 0.25 86.6
R 97.54 / 0.26 87.2
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4 HPLC 45 5, 5 2% 35 3K 1 380U R T 4
BN A3 0 TR LR MRS HIEE R, 1l A R AR S
Fap A e HoAth AT W o & 1, Il 8 1 el 44k 8
BN FERRIE, BT 8-2 il 7E S < 0.1%;
T 2% 0T 8-1 A%t 8-3 7F [ — 1 & g, f L
MR < 0.5%, MAR<2.0%, VHREIFG ST
[ A RIS 174 B R e T 4

HhEAR 9 FEAREREALE T, A iR Rfk&
Y110, i 4 i, SR SRS, &7
AR FE A U R P ) 2% i 9-1B It B A It 2% Jiit
11-1, AR E A 9 FELR, S 4k Ab B
SERe R, A PCCE AL VE TR TALHE, ¥ 9-1B
AR AR 9, T 11-1 WEEAR R Th Rk 10,
SN R TEALR R, BRI B LR

B TR =Y 24 0 9-1B #1 11-1 & =K HA
Al A, RSSO TE R, T B PCC oK
=5 9-1B E AL A AR 9, 4= 11-1 E Ak R
R 10, SRS, R N ARk B i
o FERTIIMFSY PR AR EAEAT 2 ~ 3 KGR T AL BE,
W SR . AR R, 22
FRE A 10 il & B = A R 9-1B F 11-1
AT I SY . 250, IR SR TR ) S
SR, IR, AR 9 RN AR, HREE
AR =8 9-1B 3K 60 °C Il 70 “CF [ i 4
AT, i, BEERREESI7E 50 ~ 60 CF
WATEA N, 23 —WRGR TARBEE, HrEl{Ak 10
FHL AR AT 3k 85% ~ 90%, 4k T AR R, R
T A=A (L3 2).

Fz2 HEME 10 SLIBREERELER (1.0 Mpa)

Tab 2 Hydrogenation temperature investigation of intermediate 10

(1.0 Mpa)

WEE ,C A 9% A 10% 9-1B/% 11-1/%
40 430 40.62 40.21 11.90
50 0.30 50.58 30.07 14.49
60 0.70 59.21 12.58 23.39
70 0.65 58.39 11.34 25.67

LI AW S, 1% T2 P A
EAWCRIGE, JFEET T 3 A swgioR, ¥t
PNFTE AR R L EAH R IR 2y (WFR3),

FAANRRA T A A A P48 W 1 5 1]

R3 IHABNEREHRER
Tab 3 Three batches of data of synthetic deoxycholic acid

Mt ERREA 6kg RAEIERR /g WOR /% AL /%
1 1 153.1 183 99.8
2 1 156.5 18.7 99.8
3 1 149.8 17.9 99.9

4 g

AR SCHE S 25 FH O SCHk & A Ay _Exof 25 0
Rl T 20T RGeS, LLE Tl & e s
Y6 MERIEWIRL, 2 6 5 AL E AR, &
MR 15% ~ 20%. RAEIA T 3 AFHrl,
PR SRR EAT TSRS, B T OCHE T
2BH, IS 2 HER BRI A RS Y
FEMAmR 5, UL T 2R0e | I ErER,
WA Tk teA =,
SEH

Z

(11 WTHEER, RLZIKR, AREHR, & 0B E
JHFR A1 H AR X 3 BN 5 B ¥R ¥ . CN108366975A [P.
2016-11-04.

[2] Gallagher TF, Long WP. Partial oxidation of cholic acid [J].
J Biol Chem, 1943, 147 (1): 131-134.

31 PAFE« RIS, e R - WaEg, 2O /N
Wrio /RS, 2 . & RUBFRRA-E Y. Jridk .
CN106146594A [P]. 2008-06-18.

[4] MWL, BTy, PRl 55 . —Fhil& LSRRI ik
CN106146593A [P]. 2015-04-14.

(51 Bk, MMESS, BUAEM, . REMHREE R T 200
58 0] EBRZG2aifse 4, 2020, 47 (2): 118-131.

[6] Batcho AD, Berger DE, Uskokovic MR, et al. C-20
Stereospecific introduction of a steroid side chain [J]. J Am
Chem Soc, 1981, 103 (5): 1293-1295.

[7] Katona BW, Rath NP, Anant S, et al. Enantiomeric
deoxycholic acid: total synthesis, characterization, and
preliminary toxicity toward colon cancer cell lines [J]. J Org
Chem, 2007, 72 (24): 9298-9307.

[8] Houston TA, TanakaY, Koreeda M. Stereoselective con-
struction of 22-oxygenated steroid side chains by dimethyl-
aluminum chloride-mediated ene reactions of aldehydes [J].
J Org Chem, 1993, 58 (16): 4287-4292.
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B REZ BTG JAK2-STAT3 BB L B 5
/INER ) BE 96 TE B2 Bh Bk e AR RE L
A, &, REX, BRESS, A, Farm', 28" (L BERE g MR B

Be, FETERZEMTPHEE2ABE, Wims M 4210015 2. "PRIKEMIME R MATSMEL, &Y 4100115 3. PRIKZAMAEHRFTTAL,
Kb 410011)

WE: BW ®iT@REZ (Gal) SRR KmEfsh kB (AS) KA LR eI RAER
BT tgE R ALH ., Fix H APOE /D RMA S ARG A A Gal 20, "RA 12 B & 84
#, £% 88 Galfhi# § 80 mg/ (kg +d) # Gal #47F 1, el EEIRE G, EA2E B,
ZBEHh . E ARG, Wi O FEEAEN @R, qPCR ZFEN 3K 5 LK
H AL ICAMI, CD62e #) mRNA £k, AFF# Rk W & 20 e, (HUVEC ) ¥ A AR 73 35 5t B
F -« (TNF- ). Gal. STAT3 # 3] ( Colivelin) 422, CCKS8 SEAan a e /1, qPCR k4=
Western blot # ] ICAM1., VCAMI1, CD62e # mRNA #= & & % i& vA & p-STAT3. p-JAK2 #)
Fakik, NEMIA X m THP-1 it s T HUVECs ABT 5 %, R LHisdtam
b, Gal 2R R E DR KRR AL BAE BRI R, BRI R R PIREERREZEES ., &
fe B BEAn = BH i K -F, S S B EREGKT; GalfE ) R EFHK 5 3R NG ICAM]
Fa CD62e % mRNA #i% B 4%, 50 pmol » L™ 'Gal *f HUVECs £ &M ; TNF-a 33 7T 4% HUVECs
¥ ICAM1. CD62e. VCAMI # mRNA #= % & % i5 VA & p-STAT3. p-JAK2 % & & & I &;
TNF-a 4% 25 T HUVECs #3 THP-1 28/~ #38 . Gal se NG 7T 2 % 54& ICAM1. CD62e.
VCAMI1 # mRNA #Fe & & & 35 VA& p-STAT3. p-JAK2 & & & ik ; Gal #4346 M T HUVECs #9
THP-1 @afe A%, V. 5 TNF-a + Gal 284836, Colivelin 3& 2 ICAMI1 #= VCAMI #9%& & £k .
598 Gal i@ i3 #74) JAK2-STAT3 B ER AL, 32 /0> R A B % i &S PR B AR AR AL

KW HREL; HRBAERNL;, AEKE; F5EFRERRERT 3

FESES: R285 XERFRIRAD: A MERE: 1672-2981(2023)06-1472-07
doi:10.7539/j.issn.1672-2981.2023.06.012

Galangin alleviates the endothelial inflammation and attenuates
atherosclerosis via inhibiting JAK2-STAT3 phosphorylation in mice

CHEN Yang', YU Xia', ZHZO Zi-xuan', CHEN Lei”’, LI Xin>”, XU Shi-li', LI Rong'" (1. Institute
of Pharmacy & Pharmacology, Second Affiliated Hospital, Hengyang Medical College, University
of South China, Hengyang Hunan 421001; 2. Department of Vascular Surgery, The Second Xiangya
Hospital, Central South University, Changsha 410011; 3. Institute of Vascular Disease, Central South
University, Changsha 410011)

Abstract: Objective To determine the inhibition of galangin (Gal) on the endothelial inflammation
and atherosclerosis (AS) formation and related mechanism. Methods APOE ™’
divided into a vehicle group and a Gal group. High-fat diet was fed for 12 weeks. The mice in the Gal
group were treated with 80 mg/(kg * d) Gal by gavage from the 8th week. The levels of LDL-C, total
cholesterol, triglycerides and HDL-C were detected. The area of plaque was detected by oil Red O

~ mice were randomly

EETH: WA HRBEKAIESTH (No.2022JJ50159) 5 IFEA 2524 2 R B 25245 340 H  (No.2020YXHO05) 5 i FHT R
I E (No.2020jh042775) 3 HEd KRR X H (No. 2023QYJIC040),

YEH B M, B, B, RE N b 2 a1 25 3R 2BV FH R AR FIMLRITFSE . email: cyangl614@163.com ~iBIE1EH:
o, 2, RIEERZ, BN, SLPRITA RN, EEM IR SRR AEDITY, email: 2523657886@qq.com
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staining. The mRNA expressions of /CAMI and CD62e were detected by qPCR in the aortic arch and
its intima. Human umbilical vein endothelial cells (HUVECSs) were treated with tumor necrosis factor-o
(TNF-), Gal and STAT3 agonist (Colivelin). The cell viability was detected by CCKS assay. The mRNA
and protein expressions of ICAM1, VCAMI1 and CD62e as well as the protein expressions of p-STAT3
and p-JAK2 were detected by gPCR and Western blot. The relative density of THP-1 cells adhering to
HUVECs was detected by the endothelial cell adhesion test. Results Compared with the vehicle group,
Gal significantly reduced the formation of atherosclerotic plaque in the aorta and its root, decreased
the levels of low-density lipoprotein, total cholesterol and triglyceride, and increased the level of high-
~ ' showed no toxicity to HUVECs. The
mRNA expression of I[CAMI and CD62e was decreased in the aortic arch and its intima of mice. The
mRNA and protein expression of ICAM1, CD62e, VCAMI1 and the protein expression of p-STAT3 and
p-JAK2 in HUVCEs were significantly increased in the TNF-a groups. TNF-a increased the number
of THP-1 monocytes adhering to HUVECs. After adding Gal, The mRNA and protein expression
of ICAM1, CD62e and VCAMI as well as the protein expression of p-STAT3 and p-JAK?2 was
significantly increased. Compared with the TNF-« + Gal group, the protein expression of ICAM1 and

density lipoprotein in the plasma of mice. Gal at 50 pmol L

VCAMI1 was increased by colivelin. Conclusion Galangin may alleviate the endothelial inflammation
and attenuate the atherosclerosis via inhibiting JAK2-STAT3 phosphorylation in mice.
Key words: galangin; atherosclerosis; endothelial inflammation; signal transcription and

transcriptional activator 3

shikok ek (atherosclerosis, AS) J&it i
O IMEPIRBILEERER Y, & RE—FhshhkeE
FMEMERRE R ' AS B & A K R RE R P I
fifn. BePRAE . AL, RAER N . I
LA g A 4 B

LA FT K I B T S v 24 BRURAE TR L YA
ST AS HlRE] T ELAEN. mRZEER (galangin,
Gal) &M m R Z I — w2 &9,
Gal B KWL, Prafe. o ma e
YE I ™, Aladaileh %5 " $ig 38 T Gal o] # il %
iE | AHREYE T R AR B R AR A S
N EZ 2B BELEY P e TR B ie A, eAh, B ml DL ik
051 210 L T R 9 i R Tt 77 W B e AR SRR A A
5 U3, WSS AR & B Gal n] 38 i 96 45 Janus A G
fit} (Janus kinase, JAK) /{55 % S &% F1 %% S i
1%y 3 (signal transducer and activator of transcrip-
tion 3, STAT3) {553 ¢ > 41 bl A\ S e
JAK2/STAT3 {5538 i % 2 0 40 1 4 5 e 45 OC
HER, IFHZ5 ASIE RURME 2 145 41 i 52
iE U BRI, E A R WA S 5T ) B Gal X
AS s S HAE TR 55 TJAK2/STAT3 {5538 #%
AR BT, AWH BTEM Y] Gal XN K 2 E
FIAS 1 520 DL R BARHLE, DU R AS (16 R
TRIT PR A 25 ) RN A

1 ##
1.1 L5 3h 4 Fo2m g

C57BL/6J it 14 15 5% [ 5 5 5 1 B £ @ bk
(ApoE™ ") /INERUW [ At 5T 2 38 A 12 S 06 sh W B
RGN F, Mk, SPFZ, 8 &%, 1k &
(22+2) g, Urf/NRUIASE FRI‘E RS LE 30
Hrts (SPF ), ATk N J 40 s (HUVECS,
ScienCell 23 ) ), A& MEHA A Mk 40 i ( THP-
1, ATCC /AT ). ARSI i p A= — =
BEfeHZs b1 St
1.2 X%

¥ H L4 4E K 1 (CMC-Na ), Gal (4l .
99%, AHMISEEE ). WL O KK ( Sigma-Aldrich
oAl s RAREESAT G B A K
JIE i 1O ) e R R MR A T T
M& (Pt EY TRARAR); Gal (4.
98%, LIRFIEM A ARG R AT, ShSEse i)
RNA $2BGA & S Sl R MR & . o
St i PCRAN & (e R A9 TR AT FRA
H )y WNR YRR FE3E (SclenCell AH]) 3 HER
BEFEZE . RPMI 1640 5575 (Gibeo 2AH] ) 5 A1
AT KBUED R A IR F]D) 5 IREAIE
K+ -« (TNF ) #[ (R&D AH]) ; #5i4k %R (In-
vitrogen 23 Al ) 5 L4 AL FE B 2+ -1 (VCAMI)
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ik, E-¥E B Z (CD62e) Hifk (Abcam 2\ ) ;
1 i (8] B B 43 F -1 (ICAMI) HifK . p-JAK2 Hifk
( Abclonal A 7] ) ; p-STAT3 $itfk (CST/AH]); #
k2 %657 (US Everbright® Inc A ) 3 #EH
FilE 01 77 ( Keygen Biotech A #)) ;3 B Z —EEAIR
LIRBIKEMER Y (OCT ), BEfRELZE thEb s i
(PBS). —MEMkHIR (BCA). T b sLmimRans
PTG (SDS-PAGE )., W& AL #1417 ( Sharp
Ao ElRTEREE (HED, Research Diets A ) 5 B
i — 9 & (PVDF, Millipore /A ) ) 5 Colivelin
(PgARAH/ 7] ). CCKS ik & ( GLPBIO 4] ).
1.3 (L&

Mg TES PN ERERIBERAGRA
A, {88 Wi (NikonAH]), B.0HL (Sangon
Biotech A F]), HEAAELOHL. IG5 . &8
{RIRVKAE . 20573 Hl ( Thermo Fisher Scientific
o), FEARAN. EIUKAX . FEREAL. RTINS
(Bio-Rad 28 7] ), C300 K %t e 1l 1% & 45 ( Azure
Biosystems A F] ).

2 Fik
21 BHREHNES

WS B Gal % T 0.05% CMC-Na, #
PN FL AR . AESEE Y Gal H —
FH TV A it o
22 A SRR BB

14 2L APOE ™'~ LB AL 43 1 5 15 4 A v R 22
F4 (Galdl), 47 H, 2FMESE 12§ HFD,
T2 AE 5 8 JB B H 45 T 0.05% CMC-Na (100
ul) Y, Gal 457 80 mg * kg ' Gal #E B T,
WEFE 3 AN A G HORE, BE s Sk & SR/ R,
LhBE, B, Do e L A R k. O
/N AT S BRI 25 F SRR &R, {f
OCT M, VKZUI A ML YIHL 4 um 2245 1%
FPKIEER T R, R T —20°C, HTE3hK
MERERIET O Yot @ B F Bk = FBUTHCT >k,
HAFT— 80°C, HTHERNA; @ sk
KM EZPK UL T 3 Rk &K T 4% 2%
HEEH, 24 h S TIAT O Yeth, BT s sy
BRI ER AL S FEZE 53 2 AR CHILAE -
2.3 3 fE AR

I 2% v g 7K ST R g b e o A 3] 8
frime, EARFEEE, —BEH . SR E AR
T st R gy 2 i 2t I P 4l 37 8 v B e
AR
2.4 NE RNA # 5
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%% Haemming'™ 1 SCHR M E Bl ik b 438 H Y
JEE RNA. HI PBSAF4H ih Pk F 30 ik, RNA $2 s
R T MR B I HLvpidk 10 s, 455100 10 s, F-mpst
10s, WEETE EPE T, IHERA PSR .
25 W O%f

HOERLHMLL O A, %M 0.5 g THEL O #y
K0 100 mL 5 R BEER LL PR O ¥ oK TN
BErp, ARV R 30 mine FCHITMA O TR, %
8 300 mL JMZL O it/ : 200 mL 4li7K i HL R &
B15y, MR U8 5 A o R EUM G K 3l
WKCEA A &b, FHBMET I8k, R
KBk, KLU HTFECH G R O TAEW
FEIRFEHE 2 ~ 3 h, [MGhr O TR, A PBS Ut
W2, A 70% LR (4 ~5s), HE
JE o BB 5L 21 e T JE R 20 20 5 £, IR PBS
o, BETROACHR L, MR TnE . i
H Lab-Tek ZH 2191 - HLUIHC OCT 35 1) 5= 3l ik i
TR VKRV, VIR MR UK, 4% 2 58 R [ 7 20
min, ZH/KPE% 2 min, 60% SN IR 2 min,
YI A 32 1 T B i 4 19 3 41 O T A W Hh 20 ~ 30
min, FIRKPER, BARKYEA 3 min £, AR
IKPEF, 0.01% IkIREILR L 5s, HRAKYE, K
VR R R E R (B BE T4, Image-
Pro Plus /4 ( Media Cybernetics ) 44 (7 i FH
2.6 SR B HE

N R AR SRR 5% HUVECGs, & 10% a2 1L
5. 1% BH RS R WPUR G 1640 5557585
F% THP-1, B T 37°C. 5%CO,. M X R JE K 90%
HORE S L SR g [ SR IR e A ol RO
W, ANMRLG R F] 80% ~ 90% J5{fi ] STAT3 1 3h
# ( Colivelin, 20 pmol* L™ "), Gal (50 pmol L™ ")
WAL 1h, FhI A 10ng » mL™ " Y TNF-o &b B
HUVECs 12h, #2% BB, HTIRSEL5,

2.7 R LA RS U

W £E THP-1 4 ffd, JCIfil i 1640 55 57 HE VR
2 i Ji R A AN B, A R R B
LWREA 5 umol « L1, WKATIRA), HLEBHL,
ARG FRFAMEE 30 min, ML 1640 K573,
5], B0, I 1640 B 3Edhypeisk 3 )5 EE
THP-1 AR, IANEERE 5 (R) 46 FH HEAE I
FIEFET 96 fLA I HUVECSs 19 i35 35 3, i
FHECE IMYE 1Y 1640 BiR 5000 —ii , HEARIZ T35
Fikt, ZJEMALAnA 200 uL JE A7) R THP-1 41 i,
37°CWFE 1 ho TCILIE 1640 B35 L0004 4 W, 2%
b R xR Sl SR e e VN S b b & TAN )
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#FHA1E HUVECs | THP-1 4Rftikis, FEXTBapLIR
By EIG#H TR,
2.8 E G AR

RIPA %4 fif % AT 5 min il A 2 FH 300 41 570 A0
BEFR L B 4157, W HE HUVECs FEAS M A RIPA
S S0 30 min, B0 (12000 » min~ ', 20
min ), HCLVE, BCA BRIE & AW E: 100 CAi
AR, 10% SDS-PAGE #EIR LK, ¥ E M
% F| PVDF B L, 5% Wifg2F WA 1 h, Bi5
—Pr4CWESR, —hUEREE L h, BEEINE
Bk R OGRFIOG, Tmage T 3105605 I BE(H.
TGS 50T .
2.9 SLE%OLEE PCR

fit FHAL 215 ML FE 3l ik 5 A A AT 213K,
RNA 2 HOLH S48 BUNR FE k= . E3ik= N
JEE A HUVECS 2 i s RNA, 3 5o J2 5% 54k ) & 4k
73 cDNA, Jf HARHE S E 7 PCRIAN & UL 1T
SZ W} % Ot %E 7 PCR. LA human-GAPDH, mouse{3-
actin §NZ:, 2 22 mRNA R
it human-GAPDH 5\ W) ¥ %18 L% 5-AGGTC-
CACCACTGACACGTT-3', Fijif 5~CTGCACCAC-
CAACTGCTTAG-3'; human-VCAMI 51¥1F5 M .
| % 5-GCTGCTCAGATTGGAGACTCA-3', F
it 5'-CGCTCAGAGGGCTGTCTATC-3'; hu-
man-ICAMI1 5| ¥y J¥ %) hy: I ¥ 5-TCTGTGTC-
CCCCTCAAAAGTC-3', Tii#5-GGGGTCTCTAT-
GCCCAACAA-3"; human-CD62e 5\ ¥ ¥4 . L Uif
5"AATCCAGCCAATGGGTTCG-3', Fijf 5-GCTC-
CCATTAGTTCAAATCCTTCT-3'; mouseB-actin 51 ¥
14 FiiF 5-GAAATCGTGCGTGACATCAAAG-3',
T % 5-TGTAGTTTCATGGATGCCACAG-3';
mouse-VCAM1 51 ¥)J¥ 5. LiE 5-GTTCCAGC-
GAGGGTCTACC-3', T i 5~AACTCTTGGCAAA-

BT NSRS (A) FIESIKIAE (B) FHIMLL O Je(mah i
Fig 1 Oil red O staining of the aortic root ( A ) and whole aorta ( B ) in mice
TE: SWBALE, P <005, "P <001,
Note: Compared with the solvent group, P < 0.05, ~P < 0.01.

CATTAGGTGT-3'; mouse-ICAM1 5|¥)F50 . Fiiif
5-GTGATGCTCAGGTATCCATCCA-3', it 5'-CA-
CAGTTCTCAAAGCACAGCG-3'; mouse-CD62e 5%
A K. i 5-~ATGCCTCGCGCTTTCTCTC-3', F
% 5-GTAGTCCCGCTGACAGTATGC-3',
2.10 CCK-8 34 4 i 55 1

¥ HUVECs 4 g 4270 %) 96 FLiR h 15 7R 7%,
HBHH 100 puL (8X10°4~), B 6 MEfL, H2 H
W IR, A B AIRIREE Gal (0. 25, 50,
100 umol « L™ ') AYE5FEIE 100 uL 5557 12 h, AL
JIA CCK-8 17 10 pL, ®BEEFE 2 h, FREEFRY
FE 450 nm AN E AL (4), H=
IR RO IE . AT (%) = [ (Azy—
) | (A Asy) 1X100%5
211 St

THE BRI £ friE2 (x+s) %
N, PRALIA] LL R ST AR AR K 5, P << 0.05
RESAGIEE L A5 dEY R GraphPad
8.0 ( GraphPad Software, Inc ) Geit AT aeit
T
3 &R
3.0 /DNRBh ko AR AL BE B Y T AR

T BARTRIHLL O Yeta l i, W liEe/INRAT
KR PR T £k AL, E B AL X
BB A He o 10.7%, T AE Gal 21/ B3 3h ik
ML ERAH X BEH AR 5 LA 4.8%, k22 45.15%
(WL 1A ). FEBIKRAIEL O Qe i o, it
/N, KREIRTHERTERE, I8
IS N2 DU, BRBES g arta, /R
3= B ik AH X BB i AR & o 10.1%,  TFE Gal 41
/N BRI I B8 3= sl Bk B ke T AR o U Ry 2.83%, J
27 71.56% (UL1& 1B ), FKH] Gal X} AS /Iy R EEH
(1) 4 A e Jre ELAE B S AR 4Tl 4 FH
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32 /MR g A e A
S /N A G, Gal 4170 BRI AIG 2%
REE KT IR T 20.00%, LA [ /K PRI

B2 RN AT 0
Fig2 Effect of Gal on blood lipid levels in mice
T SEIA A, TP <005, TP <001,
Note: Compared with the solvent group, P < 0.05, “P < 0.01.

33 NREHHKEHEEH MG BHNERESLTF
mRNA # % 35 K F

St /NS, Gal A/ Sk S Y
ICAM1 5 CD62e #:H mRNA /K40 i R, 2
MR T 28.17% 5 33.39% (ULIEI 3A ) ; GalZH /)
SRSk NI ICAMI 5 CD62e 3P mRNA 7K
SEHIR TRRE, A3 N T 44.00% 5 33.29% (UL
3B ). K] Gal REfEFEAL AS /N E Bk = &8 1
HAES ICAM1 5 CD62e 259885y T3k

B3 E kS w5 E Sk S ML ICAMT F CD62e ) mRNA ()
Fik
Fig 3 mRNA expression of /[CAMI and CD62e in the aortic arch and
the aortic intima

T SRR, P < 0.05,

Note: Compared with the solvent group, P << 0.05.

3.4 Gal 5t HUVECs & 4 8 &
RIRIMREE Gal 438 HUVECS 12 h (4 41 £ 2%

1476

TR, FRRT 43.99%, —IEH MACEREIL T
23.68%, EEENRE K ETT 30.30% (LA
2). M Gal BENETIE AS /NG MR /K-

R ILE 4, 5XTRRAAHE, HUVECs BIAFE % bl
H Gal fiR B3 KB Wi AL, Gal kb2 HUVECs 12
h i ICs, {5 7 100 pmol = L™ ", fif 50 pmol * L™ ' Gal
X} HUVECs (2 BTG PRI AT 52, 1A X 40 i
AR, P, 1645 50 umole L™ Gal #7542 555

F 4 e R0 HUVECSs itk
Fig4 Effect of Gal on cell viability of HUVECs
TE: 15 control 411K4%, P < 0.01,
Note: Compared with the control group, P < 0.01.

3.5 HUVECs ¥ X i 2 F mRNA 5 & & #y %k 3%
KDL RCA R 4 B Y S B

s (3 xF B2 % e, TNF-o 4 HUVECs 4 i
3+ F (VCAMI, ICAMI1, CD62e) f) mRNA 5
FH/KERIA BT E 5 TNFa 40%)H, TNF-a +
Gal HANEIARAES> T mRNA 58 /K V355 B3
TR (WE SA. B).

P AR . 52 X IR4IxT L, TNF-a
44 THP-1 4ffi &5 7E HUVECs FEGE W, 5
TNF-o 20 %} [, TNF-o + Gal 41 THP-1 41 it 5 B 75
HUVECs $iti i 3#/b (WA 5C ). £ Gal iEEkE
RRIEIRAS T HUVECs 9 RAEFRIFE, LR
55 HUVECs Ziff THP-1 SUAZ 4R fE
3.6 HUVECs ¥ p-STAT3 5 p-JKA2 & & th %k ik
K
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%l 5 HUVECs FFRAE> T mRNA 585 /K Fak LR PN i Bh 2 5

Fig 5 mRNA and protein expression of inflammatory molecules and endothelial adhesion assay in HUVECs

F: 5 TNF-a 4lHE:, 'P<0.05, "P<001, 7P <0001,

Note: Compared with the TNF-a group, P << 0.05, "P < 0.01, P < 0.001.

o8 A IR ZE % H, TNF-o 40 HUVECSs 21 Jifd
p-STAT3 Fl p-JAK2 F K P RIL B E T ;5
TNF-a 20X} H., TNF-o + Gal 2H p-STAT3 Fll p-JAK2
HEIKFRIZTRE (WK 6), I TNF 531
i HUVECs H' p-STAT3 1 p-JAK2 £ FH /KTt 5,
Gal RE % [# 1% R JiE IRk &5 F HUVECs ) p-STAT3 5

p-JAK2 MER FIZK PRIk
3.7 Colivelin 7€ i - HUVECs # VCAM1. ICAMI
A p-STAT3 % & i) & 3£ K-F

23 e %, TNF- 41 ICAM1, VCAMI

Hl p-STAT3 & FH /K F-F ik T Fr; 5 TNFa A tb,
TNF-¢ + Gal 41 ICAM1, VCAMI Fil p-STAT3 17K
W23k T ;i 5 TNFo + Gal 4141 [, TNF« +
Gal + Colivelin 2 ICAM1, VCAMI1 #il p-STAT3 £ H
KEFRETHE (WK 7). # B Colivelin BEAE fiff HU-
VECs "' p-STAT3 B K-, IF BAC#ESAE 5
T (VCAMI, ICAMIL) f/™=4:, Fh5HT Gal B35 M
4 ITit

AS BN SR R 22000 10 A5 93 R . A
PRI R 1Y Gal J2—Fh RIR I A LR
Kl G, fESMEmERirh BAPrEl. /P
AL ABTRAE ® P FEARBGTHYIE T Gal 7F
TNF-o J113# i HUVEC 1) N B2 9 JiE A HFD 175 311
AS BRI IHTRIER . JFEIKIESE APOE /MR
W 12 B HFD J: 1658 8 R T 4 45 25 Gal J5, AS
BEHTE Y. R A AN 32 B A e S i i A2 I
WL, N SIAT AS $EHE T e A R

R AAESE AS I RUIERAE, & HA4E TNFa
TENBZ RN ZE G & . TNF-a ERUESE AT TE AS /)
e @i ] S W o N e SO S v - S R I D
f, DAR R U ARSI R, TNFo ifs
T B9 HUVECs #4 5% T VCAMI1 . ICAMI1, CD62e
ik, B, FRATHEETBHET VCAM1, ICAML ,
CD62e FIATTBESESE AS I & JEFERE

Gal J& —F D\ 25 44 i 4 By R AR & 4,
955 T HE A B Z R 25 FE S P B0 Fnh A [F] 28
IEH AR AR EE M, IEAER A B I . LA
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[¥1 6 HUVECs 1 p-STAT3 Fil p-JAK2 % [ 14635

Fig 6 Proteins expression of p-STAT3 and p-JAK2 in HUVECs
TE: 5 INFe4lt, “P <0.01,
Note: Compared with the TNF-a group, P < 0.01.

7 WRZEZR, TNFa 5 Colivelin Zb# HUVECs J&7 ICAM1, VCAMI
H p-STAT3 ) 171k
Fig 7 Protein expression of ICAM1, VCAMI and p-STAT3 after the
treatment of HUVECs with Gal, TNF-« and Colivelin

PE: 5 TNFa 4 L8, P < 0.01; 5 TNF-o + Gal 41 [t 42,
P <0.05,

Note: Compared with the TNF-a group, P < 0.01; compared
with the TNF-o + Gal group, “P < 0.05.

FERFFR RN, Gal 3230 W R 3244 -1
BB LAZ A T kB 1l VCAML (1 358 35 B v 1fn
KR RAE . Gal 38 3 401 il NF«B A9 15 2 F1i75
FAINOS. VCAMI WYk, S 1 o Gt 22 ey
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R ep (S0 S P AR SCIFSE S R, Gal
TEPAR A 52 56 7R A1 52 56 48 BE 12 2% 08 VCAMIL
ICAML1 #il CD62e 3Rk
Gal BEMH] AS FUFERL, FFAMHI A K R AE A
Wb, t— PR AL, FRATR
1 Gal 75 JAK2-STAT3 {5 5 & BME R, %105
SEFEES S T ASH R, FEAETEN KAl
M ReREnG . EEA SR AL SRR S R e =,
N Uridine 38 52 4 7 JAK2/STAT3 {5 *5- 3 4 4L
HbZE AR T AS KBS BRE IR B, AR SO FT A R
% W Gal ) 55 T HUVECs 41l ifd 78 TNF-o il 3% T
p-STAT3 Fl p-JAK2 #yFik. [FIE, Colivelin 14
STAT3 73Rl , feik STAT3 MmifRik, A
5% & BLAE TNF-o 5 Gal [F] i} 413 ', Colivelin
J}# T HUVECs. VCAM1. ICAMI. p-STAT3 1
ik, XKW Gal vl id 4 JAK2-STAT3 {5 5
T PRI AS AUPEEFIRAR JAE . JRIMT Gal 1E i
T JAK2-STAT3 {5 5 i B 7E AS #8719
F PRI BIGE, IX TSR TR i
W] Gal 7 AS & i #erh 19 3 IR LK Gal &R
I A R R AR G2 AS
g LR, APREE R E R IE W] T Gal o]

DA 5 ] JAK2-STAT3 {5 543 T BE R ol i %
WECRAE, BRI SR AS, JFIESE Gal
TEW HUVECs #5057 At EHT, O Gal A9
Il RN PSR B T S BkH, bt AS 25 k30
N E WY I
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ZZXMREABEFHFENTEETHEMMER T ZMWK

LR, HAER, AT AT CPEZRCE, B 211198)

WE: B RALZALAARAEAMALHELYL, Hik BRAEKRBPLXBERF, SHRAERXE
wit, ATEKL, BE. BAEALBHEABATER, AEETEMTLF TG RAELH L
o RAHPLCMEZEHTLHF LA T, R LU (Z2xs A BWE) ABARRE,
REZABLILABKLL 1, BE28C., /2 0.5%. KN 14d, ZLZTHETLEAL
IAARK BET 4 229.6 mg M T RLEF T, it ZwEAMELLMRN SN TLH AL,
IERNETR, BARIFHAZ L AT

KR A, S TR, ZHE; ERAM

FESES: R284.1 XEkARINES: A XEHS: 1672-2981(2023)06-1480-06
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Optimization of bacteria strain and fermentation for fibrous roots of
Ophiopogon japonicus to prepare ruscogenin

SHI Lu, XIE Xin-rong, LIU Xiu-feng', YU Bo-yang  (China Pharmaceutical University, Nanjing
211198)

Abstract: Objective To optimize the bacteria strain and fermentation conditions of fibrous roots
of Ophiopogon japonicus. Methods Dominant strains were screened. Orthogonal experiment was
used to determine the best fermentation to produce ruscogenin. The experimental design involved the
four variables: solid-liquid ratio, temperature, inoculum amount and fermentation time. The content
of ruscogenin was determined by HPLC. Results The Vinegar koji (basis is Aspergillus niger) had
the best fermentation effect. The optimal conditions included fermentation on solid-liquid ratio at
1 : 1, temperature at 28 “C , inoculum concentration at 0.5% and fermentation for 14 d. The yield of
ruscogenin in the optimal conditions was 229.6 mg * kg ~ . Conclusion The ruscogenin in fibrous
roots of Ophiopogon japonicus fermentated by Aspergillus niger has high yield and convenient
operation, which has good prospects for mass production and application.

Key words: fibrous root of Ophiopogon japonicus; ruscogenin; Aspergillus niger; solid fermentation
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MR, KRZEPEHMEG KR e L, =
MK T AR SRR i)
A — PR IR ARRA ] & T E B AWK
PN HIME . R EEEEAERE . 55N A,
DA 22 A AR A & T JEG ) ] 0 vy 22 4 2 5 R
R, BRI A K e 27 A AR i A 65 T R
TG IE AR ILRGE , R FF A 5T
ARMFTE LAZZ AR R IR . B R H
FHEAE R Z BRI T, R B LB 7=,
1 TE AR I U TR 22 A AR 31 14 2 e ol 2 6530
AR T A E R B SR, il it 2 e T 24 4 4l
HEW BT RIS %
1 7
1.1 EHHHE5RY
KEEEFE B ILE 1. WiZL00R (= Abt
M, EZ BRSNS th 2 nl R ) S AR At
FEHuLy), S EZRI R RAHER Y E A A

PRI B AR 22 & 0 THRAUR . SR 81 (4
Mragi, b5 171125, FOEERMARA A R A,
SALE (Orral, S 20180312, ik I&4k
FRRABRARD, EKERERE (s, it
51 20180105, by AL 0 & A R A PR
F]), JOKBREREE (Jrtral, hEZRI AT IRE
HZy nE W ShRERIFTT HuLy ), SAkEE (43Hral,
fit5: 1902181, PUERLERAN A RAF), ik
B (O3Hrat, 5. 20210926, FHgFIRscsh s g
MR ABRATD), ek (AHD). g2t
XTRAS, (4. 98.86%, b5 20071305, HUARYE
FEAYBEARGRAF); HEE (g, 5.
0211191203, i 2] @SaiimRIAaRAR) 3 LG
(352, 4t 22045384, 2 [E TEDIA X724
A B (A, #its. C11119020, i
AR AIRA R s e (g, it
T 20220922, AT TAFRATR] ).

R1 ZBRBEMIIR

Tab 1 List of fermentative strains in experiment

R4 AT FE G
A IR IBAR AT B W) HLZE T ( Rhizopus )
R LLZR AR BREIE A AT B A ] L2 (Aspergillus niger )
TSR P B AR AR BREUE A AT B A ) HRAEE (Rhizopus ). FREER: ( Saccharomyces cerevisiae )
i AR FIAR RIS IR A B2 ) B (Mucor)
iR LLZR AR BRE IS A AT B A 7] Kih#F (Aspergillus oryzae )
HE AR A FA R IR AE PR AT BRA F EIKEERE ( Zygosaccharomyces rouxii ) . S¢ &7 ERIUEERE: ( Torulopsis mogii )
FFFUTE ( Lactobacillus plantarum )
Rk U T KR AR A BLA F RihE (Aspergillus niger ). W5 (Aspergillus batatae )
12 L PEARREFAT (30°C L 200 » min ') K537 24 h,

Z e B (iR TIT 210 K BH AL HL A BR 2
Al ) ; Direct-Q5 #li7K /48 4li /K — KM (3¢ [ %5 L
¥ MILLIPORE AW ) 5 T 32 —4rHir R (18
E 3£ £ A A 7)) ;. SB-5200DTD %8 75 3 e HL
(R DL NF AR R AE]) 5 B2 KR
(RS A BRAR) 5 BETAE (ks 7 52
B A FRATF ).
2 AEEHER
21 REEHEEHTREET
2.1 RN S AR R R SR A 0 A Ok
R 41 1.00 g. SR 0.50 g, LKA BRI
B 0.01 g. JoKBRIREE 025 g SAfbdk 125 g, i
B 30.00 g, #BZl7K 1000 mL B I A RS 1L
Rrge bk, Ap%ET 250 mL H#EIEI Y, 488 50 mL,
115°C . 30 min /& R VKA H o HeZRN %
FREUR BRI RIS &, INA AR IR, FHER

W KWW LA 8000 1 min ' B§.L» 20 min, FFR B
T, DIEDEN A TSR

W A2 AR R T2 10 H i, FRE 10.00 g
WA E T 250 mL HEIE D, s 27K 8 4 5 7K
tb=1:2, 121°C. 20 min & E2EEKE, 15
Ak B R
2.1.2  LEEAESOREOR A A HEIR (2117 T
O, RS PRIGE & & I A TR AR AR
W 18 AR o3 S A T A Rk B SR 3 R, DK
TG o ) [ AR A e s 3 6 o 2s U R, T
I FRRE P E R, RT3 AT R
VAT R B R LR T pH =R, M, A
75 mL A MBS 45 min, TE 3 W, HEE
GIFUE, AT, ASmL HEEEY, 11045
um ALIERE, A
22 Bt
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¥ H ZORBAX Extend-C18 # (4.6 mmX 150
mm, 5pm), ¥ 1.0mL e min ', #FFE 10
L ; WS B aT AT JCI IR SIAEA 0.1% FHRZKIAH -
N (33 :67), KK 205 nm, #EiE 30°C; W
FA B DAY K - 20 (52 :48), &
P 201 nm, AR 35°C. EREEILA 1,

BT RIS R I ) HPLC (]

Fig 1 HPLC chromatogram of reference substance and fermentation
product

A B ] BT IR SR R (reference substance of ruscogen-
in and fermentation product ) ; B. 224 H D X B R E TERE S (ref-
erence substance of ophiopogonin D and fermentation product ) ; 1. %5
AT BAFIT (ruscogenin ) 5 2. 421 D (ophiopogonin D )

23 FHREFEFE

2301 ZMEXRRFE B REGE & B
JENHR G, FCHl 1 mg » mL™ " A9RF IR SR, 40
Bro, 0.1, 02, 03, 04, 0.5 mL &7 n] & H Tk
MEVAEW, AW BEEAE 1 mL, i 045 pm il
UERE, HERERRIN, DL Rl A Ty B R
A pR, WETH BB AAR, SKIGRIE TR Y =
6056.978X + 2.673, R* = 0.9987, FEHH&rn] aH
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JCFE 0 ~ 0.5mg » mL ™' SR R R 4.

DIAHRI B B AR R 0. 0.1, 0.5, 1.0,
1.5, 20 mg » mL~ ' (LB D XTI ATR, U
FEREIN, LA RRTT DRI AL bR, 15
T AR AR AR, SRAS RN JrRE SR Y = 2323.5X +
54828, R° = 0.9969, FMHEXEIFDIEO~2.0
mg » mL~ ' HIEHFER M C R R
232 Ki#EILK B 1.0mgemL ' EfalE
Trooxt BIATR, LR 6 Uk, DIFSE ] 2
T ITE R RSDAE N 0.71%, FEH 5 ok %
FE R AT
233 RUEMIE  WUE AR AHA,
“2.27 IR A HITE 0, 6, 12, 18, 24 h BF#EFE,
A5 Hir ] 22 oo i s T R Y RSDAE R 1.7%,
FIATE I A F T UL AR 24 h RS E .
2.3.4  FEIHEKRE U207 TR AR L B
Y6y, il & ftali, $#% 227 TN KRR
R0, 00 A5 1T T R T Y T AR B RSD {E A
2.2%, TP EINE R
2.3.5  IAERDGAES B2, TR By [R1HE A
76 4, AR, B I A S RS AT
A IO IR SATR, % 2.7 TR A& RE, I
EET AT BT CAY T AL, TS R A a]
Wk 90.59%, RSDAE N 3.8%, & 7 ik
IOUEELR
24 FHBRKEEFHEEHTEST

FRIC10 g By i J5 3t 10 H 075 1Y 22 & AR K oK
IR B, A 85% £ 150 mL, fin#4[a]
WAREC 3 K, AR 1.5h, o, SIFUER, WEUE
2R BICEER, A 0.4 mol « L™ ' #£ 2 100 mL
5 & W %E 60 mL, 105 CHNHUKM 3 h, B,
SRR S BEAEIER KA 3 Wk, B I A LT
IKUEZ pH #2 7, 28T, S mL B
R R PR /K e i, 456 “2.27 TR 2R R A
W, #EE 3, FRIESL 3 AT R, TR
g 10 g 22 &R 7K =y b T AT oT
=0k 2.288 mg. 3.355 mg. 2.476 mg.
2.5 KREBEH T

FEHR “2.17 TR ik M “2.2” TiF gk &k,
W IR il . SRR . R . BRI
Bl Ll . oS . A w7 e A
RN F R B S ] BT TR ), AR
K2 i e SAINEE R 25 O BREET LG, e Rh
KAL) e T gy v 1 mT 2 T o A i
F, HhEmihig ki mRkm, S04
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i, ZRAAGIEE L. 2 el K E5,
B 10 g 22 2R W & & 30T B AT T 0.629 mg.
PRI, ARG 2 e RSV R K I R

K2 RO G n B H T RN (0 = 3)

Fig2 Influence of fermentative strains on ruscogenin yield (n = 3)
H: KhAFEFRARZEF BAGHHEE X (P <0.05),
Note: Different letters in fig showed significant difference

(P <0.05).

26 RAEAHEHZFALE

Fie “2.17 WUF g5k, BEHUCEES MRS 7R 8 & m
B, VAEKEE=1:2, ZEERE 35°C, $EF
1%, KIERTE 7 d NFERE RIS, 5L K
b (1:2,1:4,1:6,1:8,1:10), KB
B (20, 28, 35°C)., #EME (02%. 0.5%. 1%.
2% ). KFEEWITE] (1. 7. 14, 21, 28d) X EE™
YrrpE il BT O m A, S5 IE 3,
EEA N1 2, wfERBEREE N 28°C, $ZFp
TN 0.2% ~ 2% B0 8- 3y AT 2 6 i R e AN
K, wAEREEREY 7 do
2.7 REAERAERREEIT

PR E B SERE b, BEEK . A
TR HERbE . KBRS DUASARE, PURR UK
WIE SR IR T WL 2, XI5 5 M T 254
#£3. 4,

W E MR AT LI, £ ESRE
R AD > A >B > C, H &R Y
MR, GhA AR 3 AT, X R A T2 A0

B3 BKEE (A) . RBEERL (B), R (C) M ZBEmE (D) X &l B oo i fsgim

Fig3 Effect of solid-water ratio ( A ), fermentation temperature ( B ),

T EPARF AR T HAGE S (P <0.05).

inoculum concentration (C ), fermentation time (D ) on ruscogenin content

Note: Different letters in fig showed significant difference ( P << 0.05) .
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®2 BERSKER

Tab 2 Factors and levels

s FKE A REB/C R C/%  KEERTE D/d
1 1:05 25 0.50 3
2 1:1 28 0.75 7
3 1:15 32 1.00 10
4 1:2 36 1.50 14

®3 REEFHMREEZRBIZITER

Tab 3 Fermentation conditions optimization of orthogonal
experimental design
e ZES TR L
A B C D & (mg/10g)
1 1 1 1 1 0.615+0.070
2 1 2 2 2 0.768+0.166
3 1 3 3 3 0.580+0.024
4 1 4 4 4 0.802+0.254
5 2 1 2 3 1.338+0.347
6 2 2 1 4 2.134£0.626
7 2 3 4 1 0.467+0.073
8 2 4 3 2 1.331+0.209
9 3 1 3 4 1.249+0.138
10 3 2 4 3 1.015+0.455
11 3 3 1 2 0.50640.145
12 3 4 2 1 0.54940.026
13 4 1 4 2 1.269+0.115
14 4 2 3 1 0.47710.062
15 4 3 2 4 0.9514+0.262
16 4 4 1 3 1.503+£0.123
K, 0.668 1.061 1.200 0.500
K, 1.274 1.063 0.859 0.967
K; 0.828 0.678 0.879 1.050
K, 1.059 1.049 0.912 1.334
R 0.606 0.385 0.341 0.834

x4 EXRBEITHFESH

Tab 4 Variance analysis of orthogonal experimental design

TR MBSERA d, Y7 F P
A 0.799 3 0.266 3.341 0.174
B 0.434 3 0.145 1.815 0.318
C 0.307 3 0.102 1.282 0.422
D 1.439 3 0.480 6.019 0.087
R 0.239 3 0.080

MRl £ T B e B A R B AR 2 [EIUK b
101, R 28°C, #fhaE 0.5% . ABERTE] 14 d,
AR TR 10 g 22 AR AT & ey HE ] iRy
JG 2.134 mg., i i R BEA AT SRS, %
SE 3 ASEATRR, MASEE 10 g A2 AT ] Kk g
A= B Rl B OT 2.296 mg.

28 ABHEEHTEHTLEEXAEHDEE
AT
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Was PO IR St T2 e (BIIEAE 3
562 MBS 3 0y, HRIR “2.27 i
NSRRI E, 2R 4, PR RO
BRI G SRR A ST X

&1 4 I G 22 2 R N B B rT i A 0 5 22 & 14T D Y & s Al
(n=13)
Fig 4 Changes of ruscogenin and ophiopogonin D content in fibrous
roots of Ophiopogon japonicas before and after solid state fermentation
(n=23)

. GRBERTZMIE S L, TP < 0.05, TP <001,

Note: Compared with the content before the fermentation,
P <0.05, "P<0.0L.

3 itig

S B A T EAT SR EE N, R
R R, A2 6 Ok & B IRdE, SR Tl
HUAZZ AR IERE . SR PR K A 14 ik il % ]
BATIG, HRKEEEA T2RE S, A
K. FTREMEIR T e 5 R . SRk Ak
FHLG, UEY R IEEA RV AR, TR
A BERTE . BUAMRRRSE LS, YIRS
FIFH 5 A E R BN T ASBIFSRE i 2o g
e, TE 7 FESRREE R DL R (F%
S RNE) VR R BRI ER . A BT
B2V a-L- A B B-D- #8551 oT
54 TP A IR AR R T A LA
a-L- FZEHEAT W AN B-D- A A I i 0 1k 20, I
U, PR ER I — R AR ) R TR

AT A AR R T . PR
R R EER A, Gl R RS T R A A
A SO 28 - i T AT ST eI AT, SGE IE
LRIV, MFEUK . R R KRR
] 4 MR HATHEL, e T RN RETZ,
e JH V9 A R 7K i ok A T o 22 A Z5UAR WY K i 7 A=
24200 ~ 300 mg & W] BAFIT, Hm )T 333.5
mg., Y 270.6 mg. HAEREBE T L FETR
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SR KT =2 229.6 mg B AT BAFIC, A
AR K Al di R Il A 68.85% P47 i
() 84.85%. PR IK fiff i 5 FHAT HILIA R X 25 04 2047
IS B, 75 ] 5 B OK i R i fr
Rrmgilh, BRVESIR. FEREHOR, KA AR
PRSI XS TG 0, Hy =PI R ARk
Ky AT B I AR SR B RO Ik T o, e
R PN AR AR B A B A A R . ORI
fetanifRl, NI RO kT e e IR, R
A—E RN N E. (B Z R R B TR R
RERF R, 4G A R[] 19 FRL IR 2R B 42 45 2R
A I I T A A DA 2 )5 HARBIRIE R R
Wral BHOCHR BT ST ifl, 7 e v A 4
-

AL GBAT DA TP EE SRR Z —,
PAEr a5 B2, ARSI T R BERTR
M A oL S &2 4 B D IS, 45PRER
AR e R P AP AR B U e ik, nTRE
Je R SR e TR A RS AR IR RO, R
FEOBEE TS, A TR RO,

AR B VORE R b R A TR I FH A 22 2 25T Y
BRI, R T RLAMIAR, kL
IR TT 5 M T A R & 30 m] S P T A ] 2 B 43 1
R, O A ARG IR A & R FHRUCHT ™ T
KBAE T HEA
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Isolation, identification and antibacterial activity of surface microorganisms
of Lonicera Japonica Flos

ZHOU Na', REN Guang-xi', JIANG Dan', LI Ting', SHEN Xiao-ying', HUA Guo-dong”, LIU Chun-
sheng'™ (1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing
102488; 2. Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing 100700)

Abstract: Objective To determine the composition and antibacterial function of surface
microorganism in Lonicera Japonica Flos, provide reference for possible contaminating bacteria on
the surface of Lonicera Japonica Flos, and explore the functional microorganisms. Methods Lonicera
Japonica Flos medicinal materials from Fengqiu in Henan, Pingyi in Shandong, and Julu in Hebei
were selected as the research objects. Microbial isolation and identification were conducted with
microbiological cultivation technology, and their antibacterial activity was measured. Results It
showed that the surface microorganism of Lonicera Japonica Flos was rich. We isolated 53 strains of
surface microorganisms, belonging to 5 phyla, 7 classes, 8 orders, 12 families, and 15 genera. The
community composition showed the existence of contaminating bacteria such as Fusarium, Alternaria,
Cladosporium, and Penicillium. In addition, one fungus was detected in the antibacterial antagonistic
experiment, identified as Trichoderma afroharzianum, which inhibited Bacillus subtilis. Conclusion
Both contaminating and functional microorganisms exist on the surface of Lonicera Japonica Flos,
providing theoretical basis for preventing fungal contamination and reversely explorating microbial
functions.

Key words: Lonicera Japonica Flos; surface microorganism; isolation and identification; antibacterial
function
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AR AN A RHEY) 24 Lonicera japonica
Thunb. i 1AL SO WITF 0946, PEIRH, %8,
Fpl, o, B, HAWEMES . SO0
W BURAL ARSI S A i 2R sy,
A EYE N EY T EA SRR SR
R PRGEERE TS . —lf R85, LG
S HEAYUR . PUWEE. PLR. BEIMAG . SsiEy
SELTEGEE B, FRIG IR I RO T . T
XHGEIRHZ % % 8, WR EEE PR M
Tt A% v e LAY R T EL PTG G O . FEZM Y
RIS, T, s WEGE R, TSR
T2 AR B 38 A TR SE R (R A R N 25, {9 5 iy
W, SPEAMERE, MAKRGEERKR,
B2, XF—SPRAH RNZRoRpE, HEmE
WIAFAE S 2 00E 5 B B AR, Blinkg Rz W,
A, AR FR A Y R R R AE h 2 it
J L HERL BF BsAE S RCR  E B R
Toie e M 2GR & ik, A 80 FoRU, X
T A PO FT AR AN AT BB ) . FE S ARAE R E Y
2T, IR, M ARIEAERIHAL o 2 ok Y
A RO N2 R b, ZRER AR DO N
BT AR T 38 6 thNEHE, 2
U AT T 4 AR AE P43 B K R MY TG A 1 B R
AR I 2 | 4 BRINAE ER; (HR X £ 4R 16
KRBT, EAR RS i 6 e m ik
VI DI RERFST

K AL GE A ) 53 B8 5 R 25 8 B T )
S KET UMY EE, JRRAiM £
T A W2 AE L, TRl SR AT g — AR 0
HORIM A BIVER . MO R IT, 2y
AR — e H P A A EER, WPTE . b
I = (11 N 7] e e e e S 945
Rl IR R 2y, RERSIEEUE T . TEBRIPEE, A
RE R AL P2 HE H X6 AR B i —— K35 4
WL SR ERARRE . AR AT R B A R AR
FHTERR, K AR E D B 67 i 2 o i

R, AP SRACR R G T, 8T
HARE O, WA RIS Y B0, J 0 e H
PG, A HAE S AT R 25 44 LT K
B PV 24 i
1 ##

SARIE M AR S . IR
CERE, 2dbntrh B2 RS XH A B E
WAL, BEE RN K% A W (BNCC133264) .
SO AR (ATCC6538P ). Aili M 2 F 4T
( ATCC6633 ).

LS-B35 RIN; Ak 12873 K v (VLB
JPiE) ) s SW-CI-1D Al TAE S (LIR30
IS ) 3 JY-SP3 BUKF R kA (dbni
BARITHEIKEEAIR/AT]); PowerPac Basic Power
Supply FIFEA LKL . GelDoc 2000 RIEERE A% F
4t (%[ Bio-Rad A H]) ; Bikas (12[E Eppendorf
5] 5 MMA00 BT A ¥ R BR R Y. Veriti 96 Y
Ff B PCR 1Y (3£ [E Thermo Fisher Scientific 2] ) ;
GL-88B AUjieinii A (V17 HObR DL R A A ol i
HRRAF] ).

B KL K 41 DNA B B 7 & (i 5.
20210726) . ZHRFHEFZH DNA HREGAF & (5.
20211223) (L R ERHLARAF ), 2XRapid
Taq Master Mix ( Fg 5t i MERE BRI P BHE A BRA ],
fit*5-: 7ES542H1), BEME (it%5: 0100060621).
50 X TAEbuffer (4tt5-: 4038072021 ) (k57 2% [ ]
MRETAARAT), CEBROHE (E kAR
HARAA, #5: C13830576), Hl¥HET A
VTR () ARARE K, PDA RS (3%
BT LB 3R I vh 48 2 200 g A AT HE 20 g B
g 15 ~ 20 g JEATHCH] ) . LB R5383E #2081 L &%
FERP R A 10 g, BERHEEW S g, EALEh
(NaCl) 10 g, yfg 15 ~ 20 g #FATRCH] 1o
2 FiEEHER
21 ALKk TWEWNLBESLEE

3 MBS T L A R AR 0.2 g, Je K
WPERE R I A KR, BEISCE T 50 mL TR 50
B, A 10 mL ) JC B /K iR €Y BT 3 min, 7E
LRl AR B 1/10. 1/100, 45 08 )5 W% B 200
ul K YEV 2 PDA I LB} 553, LHIR A 48
RS FUMA TR KB X BRAL, Rl 5050
T 3, RS I PDA AR 25 B BRI 28 ‘C &%
&5~ 17d, LBYHURET 37 CHEFFE I T 57
1~ 3d. HERAFEMRIL s ralifh, BOam
EEE A 3 ~ 5 IR, BERECRHE 2Rk
Tk, HEMSA R, e PR HMR
AEE AT AP R
22 RKEHMALTFEE

DL E B DNAAE B AR 2E 17 PCRY™ 4%, s hi
FE PCR Y 84 kAT, >R E R H 59 1TS1
(5'-TCCGTAGGT-GAACCTGCGG-3') F11TS4
(5-TCCTCCGCTTATTGATATGC-3'), 4514
27F (5-AGAGTT TGATCCTGGCTCAG-3') F1 1492R
(5-TACGGC TACCTTGTTACGACTT-3') #F47 PCR
N . EEMANE PCRIKRIL . BT K 11 uL,
L RUES1 9045 1 ul, DNA M 2 ul, 2XRapid Taq
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Master Mix 15 pL. BB PCR W SEL: 95 CHiAs
3min, 95°CAS 4 15s, 55°CiB k55, 72°CHEAH 5

min, EHECH 35K, 72 CTHALEH 5 min, 4 C&

F1 SREBDAREEERES
Tab1 Homologous information of surface microorganisms in

Lonicera Japonica Flos

SRR Fe AR R oy AL
1k 4 PCR IV SH: 95 CHUZLTE3 min, 95°C  Grpt Buciiius subiilis OP550049.1 99.85
BE15s, 55°CIB K 15s, 72 CHEM 30s, TEIREL  seB3  Brevibacterium KU986707.1 100
H 35K, 72°CHRAMIEM Smin, 4°CEEIE, L5 SFB4  Bacillus cereus MH985214.1 99.77
EHX 5 HL PCR F}:%iﬂ:ﬁ?iﬁﬂgﬁﬁﬂi Eﬁ‘{jd:{\l\{mu , ,fglfﬁj SFBS Bacillus safensis CP084677.1 100
%‘?%{%Hﬁ\ Eﬁ%\ ﬁ—‘, %i?iﬁilﬁﬁﬁé}ﬁj SFB6 Bact:llus sp. ' GQ199765.1 100
‘#ﬁ# Xﬂ[ﬂ?}ﬂur? )I?ﬁé - {ﬂ!ﬂf?éﬂ:% E]/\Jr?ﬁﬂff Conetine- SPB2 Bact‘llus velez-enSls A OP554433.1 100
Ay o MR H ging-  gpp; Bacillus sp. Cin: Bacteria) ~ OP550119.1 100
Express # (- 8f4%, JF7E NCBI'E M Ei#ATIRIBETS]  simo Bacillus sp. Cin: Bacteria) ~ OP550119.1 100
Fext, AT HEXTas I e g IR WK 1 ~ 2, 7 siB4 Bacillus sp. EnB-alf3 KP792633.1 100
j@%%%ﬁi—\‘ , Eﬁ#iﬂé%ﬁ%%ﬁ%ﬁ%ﬁ%i” T SIB5 Bacillus halotolerans CP054584.1 100
SI17408 H12FH 15 MR, JOPAHEREE 0D Do b e,
. b - richoderma harzianum . .
AT 8 I 26 B I%I; or ”%%ﬂ Ej% A %}% * SF3 Fusarium verticillioides OM956054.1 99.46
HEMGALE . SR EAATREE, ZRE. U gy Curvularia spicifera MF401577.1 100
MRE., ZFRFmEE. NFESBRAETENET7E sk Alternaria sp. MK640595.1 99.83
19 ¥, o8 Eeist)E . 28R, 558, B sp7 Trametes hirsuta MT534041.1 100
_I%‘E R %EJIQJ:I%E R 1"}2&}*‘%}% . %,}@H%‘EO MEE&E SP8 Schizophyllum commune MT647523.1 100
ﬁz\%ﬁfﬁﬁj\%ﬁ%ﬂ 5 E 8 HE’ ﬁ}j‘?ﬂ%ﬁﬂfﬁ}% . EIEH SP9 Irpe?c ‘la.cteus - MKO050599.2 100
- e s e s SP10 Penicillium oxalicum MT597864.1 100
)& . Bhargavaea . FHEFOMTAE . ZRHATFER sl Aspergillus gingixianii MT322250.1 100
23 HEMHEWF i Aspergillus flavus OK663515.1 100
PRVEF AN R 42 AP 2 50 mL 19 LB IR & 1 si3 Irpex lacteus MK050599.2 100
F2 SREREBHEVHNSEER
Tab 2 Classification of the surface microorganisms
\ Y REL
1] 4 H # & HE Vi B
Ascomycota Sordariomycetes Hypocreales Nectriaceae W ( Fusarium ) 4 0 0
Hypocreaceae KB ( Trichoderma ) 1 0 0
Dothideomycetes Pleosporales Pleosporaceae SRR (Alternaria ) 1 1 0
g ( Curvularia ) 4 0 0
Eurotiomycetes Eurotiales Aspergillaceae & (Aspergillus ) 0 0 2
W& (Penicillium ) 0 1 0
Basidiomycota Agaricomycetes Polyporales Coriolaceae TR (Irpex) 0 2 1
W& ( Trametes ) 0 2 0
Agaricales Schizophyllaceae ~ ZAH & ( Schizophyllum ) 0 4 0
Proteobacteria ~ Gammaproteobacteria Enterobacteriales Enterobacteriaceae {2 1 J& ( Pantoea ) 3 0 0
Firmicutes Bacilli Bacillales Paenibacillaceae  Ji ZF AT W J& ( Brevibacillus ) 1 0 1
Exiguobacteraceae /IMT B J& ( Exiguobacterium ) 1 0 0
Bacillaceae TR E (Bacillus ) 11 8 3
Planococcaceae Bhargavaea 0 0 1
Actinobacteria  Actinobacteria Actinomycetales Micrococcaceae TEREE JE ( Micrococcus ) 0 1 0

Regedeh, 7E200r-min ', 37 C &M TR
K5 3% 72 ho HUER T HLIE 32 PP AE PDA 35 52 A,
28 CREFEA TR 5 ~ 7 do ) 075 I 26 T 40 7 %o
P9 JEL AN A R A R A R Rk ™, e T L R %o
PUR I R R HeE M e R AN B K 3% 4 7
S OEAIRE . MR R R TE 37°CL 200
remin AR, LBIRMARR IR P IR 124,
DL 1% SN2 LB R SR, IRG385), 4

1488

AR MA AR . BURDE JC R WK 4% A
FCE AEMAH -, B 10wl 2R T 41 B A& I T 7E
B4R b (EAR 6 mm); H 5 mL WSk Xt
FT4L, Bl XTRMEEESTIL, BADE, B HEA
AT R ALY o SRR 7R 37 CIE B G FF
12 h, S55A —PRRIEE (SF2) XIAhE 254
FrRA MBS (ULE 1A ).

24 THEEE AN
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B SF2 WiHe, #:AP7E 200 mL PDB K353,
28°C., 180t min 'FEHEIFE Td, KEEYL
LR ORI I, TG H SmL LR OTRE
%, MO 5 mL Sk 4THL, A 200 pL ik
PR LR LAY o B rE 37 C Ik s
F% 12 h, WEEHMFEEEE (LA 1B ).

P 1 SE2 MR ZF AT B A ROR

Fig 1 Bacteriostatic effect of SF2 on Bacillus subtilis

25 SF2 AH ML E

SF2 i ITS-DNA T, % AARER, N T
PE— e AN, S50 EGH " A kP 1TST
2 F15.8S rDNA, % FHi8 FH 514 ITS5 ( 5-GGAAGTA-
AAAGTCGTAACAAGG-3') H1 ITS4 (5-TCCTCCGCT-
TATTGATATGC-3') ; 43 tefl-a 751, HEHL tefl-a 5
Y Ef728 (5'-CATCGAGAAGTTCGAGAAGG-3') Fl
TeflaR (5'-GCCATCCTTGGGAGATACCAGC-3'), ¥
PIANJE R T B EA T I & 24, LI 2F, SF2-1 (ITS
JPo)) SRR . MRAR . MR RARER —L,
SF2-2 ( Tefl- J¥3)) SAEMIGRATRER —H ., 55
SEATAMIMEAR: BE 28 C R AR, R
R KGR, RER, (AP R, KR
3dAA, RXIER T REIINE, B, iR
AR R4, Fia AR, B
THEZEW, SEREA, 2 TR
BRI R, A H KRR iR
SO, fFAakT B IR Tafroharzianum )
ik, Wkt SF2 25k Tafioharzianum
3 itig

HZGHTEIN T, B85, WP ) 52 B B
15 4%, WU TN X5 25 5 4 A 0T ol 4 ) 2
BH, H25M ZwA R, HEHF— A HER
R, GEMHEN LS, THE - EREY
Zikk, WVEEES . NS, B RE. &8
1, HZGHsr. BRMN8L, Whz3ib
Yu U B S YA Al 2R S R AR IR,
A B EUTR B R B B 2 A SSREE A S (GE
IEGREFR A B . S R, AL SR P
MERNEE . A X SR BEEESS 53
BRF B, 00T 15 DFhE, Horp A o™ i
BRI TR IE . AERSR, DOERE e
SrEARE THEMRIE . HEE . AEEE, DB

K2 SF2 s

Fig2 Identification of SF2

A. SF2 7 PDA 1% 7% 3 I B V% 1F 1 €l ( positive colony map of SF2
on PDA medium ) ; B. SF2 ¥ PDA 1% 3% 3 I [ 1 14 7% K] ( negative
colony map of SF2 on PDA medium ); C. D, E.y SF2 2. 4%
H: 4 F 4 [ (hyphal and conidial stem map of SF2) ; F. SF2 i 5]
YA B NI B (SF2-1 2 ITS JF 40P BE 45 5% SF2-2 K Tefl-a J¥ 51
PHEZEL ) [NJ tree of SF2 combined with two primers ( SF2-1 was the
result of ITS sequence amplification, and SF2-2 was the result of Tef-a

sequence amplification ) ]

JFEF= Moy B AR T A R AT e R H =
DB I 1 5 A B2 O B 2 AT I o e AR
KU, R RS R R IR R R . B
wER . BiftlR R SR, W ISR E RN,
B BRI, HA R E R EEEP TR =R A
W i AR MM AR Bl B2,
M E S E M E TR Bl B2, Gl G2; H
T AL AR R AL BEER; MR
PR FORIREEIGER  Pm ARG IR TE R . AR
DI AR DR 4F 2 AR AT R AT
S ERRIRLAEE, WRYT R A
TOULI T RARRR , 2R AT bR A T B0 Y,
MR 23 2 SR R L RE 7™ HE T TR ) AT [ 1
AR T T AR RIS 4 A T 14
oL, AGHAEF R EE .. ha)s . 2
TR R SFTG YL bR . X LU AT I JCIE X B R AR A
BAE. AmsUetlaw, BESReRmNA
s AT, ROATREMLPE A 0 S S =, B

1489



Central South Pharmacy. June 2023, Vol. 21 No. 6

T 222 2023 4F 6 H 55 21 % 45 6 1)

1SRG ER A FH WL SR B, X
T A R AL L R T AR LN E . Liu
A VYR 9T & B A B AL D ) TR R R A R
W, &R, SIEE. BERREE. IREE
AT EER R . s E A SR AL R RS 1R
TR, PRATIBZIRIR R 28, RIE AR
AENE J o R 1 i o

JiAb, B A AR A B 2R R A RS PR
e, BRI T — MRS B v RS BUR R R AT
Wo REWBERET, PHEW], 2269, 4
18, MEER, KEE, IZAE TSRS
KT R L3 . REBORER ] = A4 Z R4l
Y R B . AR A R B A PO E A g
PEYIIT, AN B HEAE Y A KB m A Y b
PE, BHBLER A = B 2. BRSSPV i
TE R PR 1] B 25 B A A A S B E IR &5
W&, S AR DN IS X KB Tafroharzianum 838
FIE 1 AR B Tasperellum 573, 005 % P K5
T = ROREE JE LR A B PR A A RN, 4
REWIEROR T T23, MRARE T22, G30 fEAHY)
g I EL TR S P . AR RICR O T 45 B4R A A3
DI S &R B I K 2 R BRAEAE e Fi
feA R bl P H R BRI R R ST
o ARBIFSE DA B AR T TR T RS B — R
UM B 2R AT R IR A R AR R R, IR E R
LN A, Al A BOR A .

AHFSE 8 1 53 B S SRR R TR,
MrAp B AL, A HEAFTE R WIS YR, 71 A
VEAS B 1 — WK AT 50k R 2 AT R S A o 1
AL/ N Sy ! | oW =R e O S R o et B < ) ]
PR, o 2 T X A b 1 i — 2
B, DABHBR AP RAILE]
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[2] ARSCU, (LIS, FRIEWE, 45 . &ARTEMITIREME o K
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BA SUIE RS TR 5 & R EL B U RS B A M AT 5%

BwE S ARG Y BN BN, B, ERET (L ES R, A
230012; 2. PRFHZGRIR %, JEBH 1100165 3. VTR 3CHAPRAED R ZA AR, T8 Rl 2261005 4. K =M259 5 %058
Bi, VI35 REiE 226133; 5. VLPEREZG RS, BE 330000; 6.1 T EZKAEMIES ER, R 110034)

WE: BN #&FRIAEFRBERK, FF5FRLBERKSEFE., Fik RAEGELE
B & vAekiR 80 K A L EALK M BRI RrE R AR, B S ABBPBEARAFHRAEBZCEF K
H k2. PDI, Zeta v fi, &L3tE. WAUFIIGRARFigik A A E A, KA Franz ¥ % 5
TR BRI SEL R ERHE., GR AR IAEEWRBRKAEEA (7859+1.11) nm,
PDI % (0.2784+0.004), Zeta ©.424 (0.39440.027) mV, &3%4 (95.13+1.09) %, HF#H
Be AR Aok AL, BRBR RVEZEMIE MR 24 WM ERESETE 5, Bit BRAEEBRBER
PR B BT 0 R B B AT

KR R ACE; FRIBRK; KEE

FE 45 KS: R4, R96 XEkFRIRED: A XEHS: 1672-2981(2023)06-1491-05
doi:10.7539/j.issn.1672-2981.2023.06.015

Preparation of chloroquine phosphate flexible liposomes and their ex vivo
skin permeation properties

PENG Xi-ya"**, CHONG Si-ru>*?, LI Jiao">*, GUI Shuang-ying', YANG Rui*, WANG Shu-
jun® (1. School of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012; 2. Shenyang
Pharmaceutical University, Shenyang 110016; 3. Jiangsu Aidi Nano Biomedical Co., Ltd., Nantong
Jiangsu 226100; 4. Yangtze Delta Drug Advanced Research Institute, Nantong Jiangsu 226133; 5.
Jiangxi University of Chinese Medicine, Nanchang 330000; 6. Second Affiliated Hospital of Liaoning
University of Traditional Chinese Medicine, Shenyang 110034)

Abstract: Objective To prepare chloroquine phosphate flexible liposomes and to determine their ex
vivo skin permeation properties. Methods The flexible liposomes of chloroquine phosphate were
prepared by reverse phase evaporation with Tween 80 as the edge activator. The particle size, PDI,
Zeta potential and encapsulation efficiency were determined by the dynamic light scattering (DLS)
technique and minicolumn centrifugation method. Conventional liposomes and solution were used as
reference preparations, Franz diffusion cells were used to determine the ex vivo skin permeation and
deposition properties. Results The particle size was (78.5921.11) nm, PDI was (0.278 220.004), Zeta
potential was (0.39440.027) mV and the encapsulation efficiency was (95.13 +1.09)%. Compared
with conventional liposomes and solution, the cumulative permeation of chloroquine phosphate
flexible liposomes at 24 h was higher. Conclusion Chloroquine phosphate flexible liposomes have
desirable skin permeation properties.

Key words: chloroquine phosphate; flexible liposome; skin permeation

e i N ZE 3L % 8 (human papilloma 78, & TILELFDEY ARITAY E
virus, HPV ) JEGERZIRBEIES R i —FP IR RAE EAREER, KEsiyy, =8O, TR

EEE N W, o, FEEmEsRA, EENFZYFAEING, email: 2574343887@qq.com BIEEE: BF, &, WRG,
FENE LGN R 28 125, email: yang ruil983@163.com; FHUE, 2o, ##%, MWL TIN, FENELGYHH 524
Yrsh J12F5E, email: 1252116911@qg.com
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S XSGR Y E SR R BRIEIR, AN
MR HPV i 8. JF B K, 55 8T &Kk
B, BN Mg 2, B E Y. Bk A
( chloroquine phosphate, CQ ) HA T Z TN
YER, IR L AT G YT HPV B BT By R 8t
WRPE . R RRPEE SR, 1T LARRBRER B 2R 40T b A
2 RN 85 S b B TS AR 1 HPV, LIS e TN
(EHAKEME2E, MELRBE R, PR T =N H .

JEFEAA (liposome, Lip) fF h#kik, HA/E
YRR PG, B AR DL KR R SR M N, T
BF AT LS o e 5 5 2 A A B kg i
( flexible liposomes, FL) YER#r—ACgmA, H
BERE AL ZRTE Ak (L BE. BRfRER . Zo5MRRER |
AR ) A, SIE A FL 3Rk etk
i, 5 HA NIPERE AL SR TR AR L, XA g T
PRTT LRGSR Bz IR Zeads e U ARG AR 80 1E
RNGEIEACH], il T — PR E s PR A
(CQ-FL ), FfXdHFAF LS B AR Bz AR RE R4 T 1T
5%, BTEREmEHIGE AR TR S
1w
1.1 (L&

YRE-2000E Jief% 7% &AL (YL THEALES A
FRSFAT A F]) 3 200W/FJ200-SH % %5 53 85 3 43 Bt
PIEAL (W FRABIAEL ) ; DF-101S B 4E $1t
i 1Py (L AR A IR T E A A
TDZAK Y.L (IR A SE g0 = A G T A PR
/N#)) 5 SCIENCETZ-E B 7 4 s i bl (7
B2 YR AR ) 5 ST3100 7Y pH 1 (B
S M ABRAF) 5 UV-2550 B 5400
JGEETE . LC-20AT A I e 0 A (35 (H A
BN E] ) 3 Nano-ZS90 4 K f7 B A J A 43 BT A%
(& IR SCAF] D
1.2 K%

Wl R S v JRORE 25 (dit 5. 2206005, 4l .
99.1%, BERVRGHIZY ) HARRTATAF), BiRA
Wt I (165 KF2D-2DL2, 4. 98.3%, i
Bk s be), KRUwE (5. 579010-
1170091-13/903-910B, i [ F| 5 25 22 7)), i3k 80
(it C12824399), =Mz (HIt*5: C13683716),
G50 i RAREIR (5. C12585657), JHFEEE (L5 .
C12398357)( L2z oMb R A BRAF]) 5 S
(L5 6508CCQO3). LMk (5. 20210506). B
iz (4t : 10015418), FriERR (L5 20201202).
FERE TR A (415 20120706). & 4A Ak (it 5
20200925 ) ( [E A2 ALFI AR A ) 3 HEE, =

1492

R g, ok ek, HaaRHI Rt
1.3 Sz
{e B SPF 2% SD K B, 1A Jii & 180 ~ 220

gl LT RAAEYHARBHARAF, LS.
SCXK (i1 ) 2020-0001],

2 FHESER

2.1 R HE

211 AR R pH B EE 45 20 5]
FREUK s AREEE (4.8 1 1), A ZEEER
WA, IMAFTEIR - FrE IR il (pH 3.6) 3
i, HEEREER W0 BIFH] . Thefk7E L
37 C N ES e R R EAER, RERER
YRS ERE 7% 30 min KA ABER i, B
HE G AR IR B . FH 400 W VKRR L B A 10
min (T4 3s, A8k 3s), HSSAEMAE R pH
HZ 6.5, 40 C/KEHIFR 10 min, RIF2S HIE
A

212 BERREMER A (CQ-LIP)  FRELCQ (24
JREE 12 53.3) AL A E g A, Ha
PR “2.1.17 TR Jr ikl fS CQ-LIP,

2.1.3 %M FL  FREGE i 2 et 80, H
ARIFERE <2117 TR vkl f945 H FL,

2.14 CQ-FL FRELCQ (Zhf51Ik1:53.3) mA
PR IS R RR PR rh, Hox A g ©2.1.37 T
Tkl CQ-FL.

22 CQEEMEFFEWETL

221 RN A il D Diamonsil C18
(150 mmX4.6 mm, 5um), FishHlh A (% 0.4%

=R - B (JK) =70 : 30, Kl
£ 343 nm, F#EJE: 35°C, WiE: 1 mL * min ',
HEREIRFR . 20 uL.

222 VRAECH  OREEFREL CQ XL 20.1 mg T
100 mL 5T, LATREIAIAAR, A 201 pg e mL ™
FOX R SRR . BUE R CQ-LIP, CQ-FL Al AGE 7
JLAIAH, WABE 1 min, #F 30 min, MPESIMHER R
ZIBE, 0.45 pm RALIERGT I, UL AR, BGE
WAFRRRAR . 25 FL, HAFSH R S &7
2, 192 FHFM AT

223 JFIESFAEEE Ayl MG B0 IR A A T
P . S R AR A R 20 pL, T
“2.2.17 TR A A TIE, SR ILE 1, L
R (C) A ARbR, 25T (Y) R
AR, PEATERPERIE, ShrEmML TR Y =
2.28X10'C — 3.79X10° (r = 0.9999), Z5 I FE M,
CQTE 0.80 ~ 72.36 g * mL~ ' SIEHFLEXCRE
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U SRS BE AN H )RS 2% I TR AN RSD M 0.18%
F10.68%, AR e & PG IR AR e P a6 0 g

| A

FH RSD h 0.74% F1 0.58%, X IE AL RSD
H1.4%, FEIEERDSCE N 99.85%, RSD K 1.3%.

B : c

¥nain

D

1 L ksl

Fig 1 Chromatogram of specific test

A XFIEE, (reference ) ; B. 45 FIIRBIA (blank liposome ) ; C.CQ-LIP; D. %54 FL (blank FL ) ; E. CQ-FL; 1. B§f25 M ( chloroquine phosphate )

2.3 AR EHF N E

230 Tk SR FHBOME B0 1 A B
FO ORI 0.2 mL AR S IR AN T A5 R
B G-50 A T9 3%, 2000 r » min~ ' B 0> 3 min, I
Ve W 0.2 mL Ji5 2000 r * min~ ' B .0 3 min, X
1 ~ 4T 5 mL B, B
B, FEREZIE, M 2.7 R Ak
ZeAm e T AR, TR BRI Coo K
WA HL 0.2 mL JE R T 5 mL S, PR H
B L A ROt AR 2, 2.7 R
B E TR, THEZMRES C . 1T
BRI IR IR (EE), EE (%) = (C/C,) X
100%, 455 3 #it CQ-LIP il CQ-FL - F-Hyfud &
3N (83.1442.15) %, (95.13+1.09) %,

232 WEIR S R TR VEML Bh £ 2z hl 43 %)
Fs % B L 0.2 mLCQ-LIP LA M2 CQ-FL fill 77 5 bl
G-50 FETH, 2000 r * min~ ' Z5.0 3 min, SIGERL
W 0.2 mLJ5 2000 r » min~ ' 550> 3 min, i 4 ¥k
Wi T 5 mL &, ISR, JIF
ERZBZIE, 1£343 nm FIEROLE, 24 CQ-
LIP UL & CQ-FL By ¥ i th 2. w & 2 Al I, CQ-
LIP UL} CQ-FL #BRE 5 & 24 e iz o B 5440
AT DARGF Ay 85 o T DA R RIS T | ~ 445
KNG STARER Y, T ~ 14 55 Rl 2534y

233 FEEMCRAIE IR R L 0.2 mL 7S 1
BRI 2 R IR AR L AE, $ 42327 BR U7
Pe, AT 4 BRI E R R S mL i, 7E 500
nm FIGEMOCREE (4:), A7 3R H4r 0.2
mL 25 R BN ZS 11 PR R A e e v e 22

&2 CQ-LIP (A) 1 CQ-FL (B) #eflii <k

Fig2 Elution curve of CQ-LIP ( A ) and CQ-FL (B)

S5mL. 7E 500 nm FIPEMOGEE (4y), RIEAKIT
FRRFARRAE RIS, HEECR (%) = 4z /44 X
100%, 45425 FUIR U 25 22PN o A g A [
R R (98.1+£1.1) %, (98.5+0.7) %. RSD%}
SR 1.1%. 0.71%. AT WL RUAG S AR 2 PE g ik
T 4 G50 AT AR SE PR, W62 I 450

24 MHEFENE
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T 222 2023 4F 6 H 55 21 % 45 6 1)

V5 i S s I o A 4 "C KA AR AR — R
TREAM IR R, AT =k, IR (%) =
(W — W) IWy X100%, H Frwy,, Wy 5
) Sy ] & B ) A0 J) i UGG AT — R B TR] S Y AL
1, 45 5 2 ] CQ-LIP Al CQ-FL ittt I & 43 B My
(03£0.1) %Ml (02£0.1) %, HHRREAL, Ui
HI PP R AR AR P R AT
2.5 Zeta BLALG AR

i i Nano-ZS90 44 i B K% v 457 43 #r {6 CQ-
LIP il CQ-FL Ri42Hl Zeta FL A, HEATINGE , FRAVEESR
SEAFIN 3 YRk, CQ-LIP ifth (88.694+0.78) nm, PDI
7 (0.33940.035), Zeta Hif R (0.281£0.012) mV,
CQ-FL %ifg & (78.59+1.11) nm, PDIN (0.278+
0.004), Zeta Hi{7N (0.3941+0.027) mV, K 3 455
#H], CQ-FL Al CQ-LIP Wkif24S7E 80 nm £ 47,
T#E R, CQ-FL Ay PDI /N, KT I5],

%13 CQ-FL (A) 1 CQ-LIP ( B) Akif2 /i &l
Fig3 Particle size diagram of CQ-FL ( A ) and CQ-LIP (B)

2.6 BRBEKE K LR
2.6.1 AR ARAGALEE OB SD KR IR A AR AT
BB E, KB TIRN, FAEMEEK G
F—20CAR, LIS _HHEH.
2.6.2 RAMNERSCE R A Franz P850, #F R
R, b in A pH 7.4 BERRELZE v . 43
HE CQEE W (CQ-DS). CQ-FL, CQ-LIP (& #f
[ CQ) B FH&ih, 37 CARBIETE, Bk,
W1 20 305, 7.9, 12, 24 h AfEWOE
BURE 1 mL [F) BRI SR A RN . L 1
FEAZE 0.45 pm FALIEREL I8, BE “2.27 IR ik
P TR, i cQ my BRUE i 0,7,
0,= (CV+E cn) 4

P C, 5 n A BURE AT 1 245 ) o o ok J3E
(pgemL™ ") C A8 i AU RIS 1 25 1) 5T

1494

VREE (pgemL™ ") 5 4 N BOBIA E6E B B ;
VRAEORIARRR s VBRI,
gL 1, 22 ME 4, A% CQ-DS. CQ-
LIP, CQ-FL (1 CQ 24 h 2R iE I #5351 140.12
803.13, 1013.75 ug * cm °. 5 CQ-DS #fIkt, CQ-FL
7 R B w207 CQ-DS 1 775, #% RAE
w (Q,) 5iH (1) #EHTH . —HIrfE . Higuchi
TG, HER 2 455, CQ-FL Al CQ-LIP {44k
B R B A FF A — GO RE, IR B W R
YEH, CQ-DSTFAFHITH, Ul R kX CQiF K
FETERR
R1 CQBEBENNLEEH
Tab 1 Osmotic kinetic parameters of CQ
il 0-1 7R

0,/ (ug=em ?) Q/(pgecem ?)

CQ-DS Q=593+ 1.16 140.12 75.23
CQ-LIP QO = 37.00t + 59.71 803.13 102.98
CQ-FL QO = 56.98¢ + 78.99 1013.75 253.49

F2 FIMERE - HEERIE R
Tab 2 Fitting equation and correlation coefficients for the in vitro

transdermal amount in different preparations

il (e BRI T T R
CQ-DS  FEH it 0 = 593017+ 1.1561 0.9985
— i 0 =—17375.6068 (1 —"""t) 0.9981
Higuchi i O = 34.7173¢" — 260.9556 0.9540
CQ-LIP  FHIrfe 0 = 36.9970¢ + 59.7137 0.8128
— Y 0 = 1090.6547 (1 — e "*¥t)  0.9203
Higuchi i O = 232.6429¢'% — 241.9175 0.9202
CQ-FL  FHIrfs O = 56.9808¢ + 78.9926 0.7549
— I 0 = 12468402 (1 —e "™r)  0.9194
Higuchi i O = 292.2057¢'% — 260.9556 0.8939

P4 ARG Y KW (n = 3)

Fig4 Transdermal absorption of different preparations (n = 3)

2,63 FifkE R RS RWRISE R A R,
A PRERACKS B P vp e T, BT ek LB A n
4i/K £ 10 mL, ¥ Smin, §# & 3min, #&E 3
Wo BUHS I mLinm A1 mLH EE, 3000« min '
IRE 5 min J5 2.0 5 min, B EIER A 0.45 pm 1)
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TRFLIE Mk, B “2.2” TR Bkl E CQ &,
CQ-DS. CQ-LIP. CQ-FL 1y CQ ke (0,)
Rk 75.23, 102.98, 25349 ugeem Z (WFE 1),
45 R RW], CQ-FL Iy iz ik B i e 2, Ui W4
CQ il R Z2 R AT ARG CQ £ Bz Jik v i £4
i, AFTHEERITER.
3 it

Tl S e g T A i) 8% T ik 2 A SR A
. WA CEEEAL . pHEAEETEE, BT
WISCI0 LU R, 0 10 28 R VA S A pH R IA
BPREGE, B LA 9T BE FZ 5 15 i & IR
WERE AR, pH B EEE R —Fh Esh 2y ik, CQ
JKEEEZS Y, 8 pH RS B RE S P Bh
2y, It HAudbRriem U MR HAE U SR pH B
FE F2 sl 3k 2y ik il 4 F7 VIR AR, AL E R AT ik
95.0%. fLEFEAR AR IF A E LS IR, W
FHEINE A s g0k . g Ok iR
BEEE I AT B OV BT 5 SUBTE S 1, 23
LA T R o v R ) SRBEBE I A B 00, &
PR B B U VR TSR B, IBOR B SR b e
JRE TR 0o v R AT A SR A 7 . CQ-FL [ PDI
TN, AEPRT, SLBHEIN T SIS 465 v L
A NR PR HCE S, A ERWAT 2T .

CQIE/KIAEMEZ W, MELITE B R B8 Bk,
J T HEINHRBENE, A FL, ARSCgR
pH 6 B2 5 L D il #5833 8 CQ-FL, T2
fAf o, BT nl¥E. FEiE R i, CQ-FL # CQ-
LIP A& RS &, 455KV, CQ-FL
BRI T CQ-LIP, B FL W LA &1 158 J 3%
Ro ARG AR EBERE N FIZ 451, AEPHIZ
PEGF, M5 50E 2 Kk, JE AR B2 IR )i B4
AffEl. FL HA RIF0ASIERE S, seS5R L0
JRZmG, AR TR AR R ah i, 76—
FREE LRRAR T BEREVE, (45 FL BENS I T 5 5T
B4 ) B R A R B AL 1 CQ-FL 76 FZ Bk i &
BURHE CQ-LIP K, T CQ-FL A7 58 i 35 K
PEFIBSEYE, feE K AER, (15 A 2 i)
SERCE, MR OAUZ s KRR HES AL,
JUR A1 3 2 I ik s ZFLRAS, i fl CQ B %)

it Bk
R SR KK RS CQ-FL L HPV 35 1 i

FPRARGIGE, e B o I T

55 BRSO 2RO FIRL B v 22

RITFA . IR B SES%
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TR NESER T S AR E e [R & 25 RPMI-8226 2 frid e
BT BN

ERHE D, ERE, BEHKY S, BT, 52877 (LB ES IR, A 230012; 2K
WSS, V195 il 226133; 3. EAMEAME (REiE ) EZREARAR, V1958 miE 226126)

WE: B KT E A A BB 2 R AR E e R AR 25 RPMI-8226 4 je 3G A % A T8y %vm .,
75 MTS b & ikt R AR B e A & AR MBS BA XY R B 2P B 8% aa BA3G st 4k ) 69 vl R
K2 J R AR & A A Bg BR A RPMI-8226 2m it Bl 2 5 7 T #9% »@ ; Western blot #& 44| & 2~ ik
M B BR 2 RPMI-8226 40 i, 1] IKAROS K 7% 4¥ 45 % & 1 (IKZF1) #= IKAROS K 7% 445 % & 3
(IKZF3) &k #5%v%; RT-qPCR s 4m & A Fk 7 85 BR xF RPMI-8226 40 e, W IKZF1. IKZF3 #
RAFKFOHrn, BR RAPEBEAN TR R Z A REHMB @I ANERRERRE, W
TN BB X R B R A S O R R B 0 I0 G FE 3 R SR AT RIAE R, R AT T ARk R AR e 3F
AR RPMI-8226 faf 8 ==, T A TR R R ¥k, MR T RAEM:, &N ARG
BR) 7T ) Z AR #ikk T 8 RPMI-8226 48 it )9 IKZF1 #= IKZF3 % & #9 & &, 3 —F RT-qPCR 4]
BR, F A ESER T B4k RPMI-8226 286, [KZF1 #= [IKZF3 A R eh 4 KT, &it TNk
7 B BR T AR a3t Sk AR M R & Wt 25 RPMI-8226 2m ety A =, JF o7 i it AR R AR B i JR & it 24
RPMI-8226 20 i N IKZF1 #= IKZF3 35 B 49 45 FK-F R FTiRAAR K BB 69 R ik, EIAmhee)3g
FA I HIVER

KR TABENBER,; kA, $AMWEME; RPMI-8226 Mie; ¥, B
FE5ES: R285 XERERIRAS: A XEHS: 1672-2981(2023)06-1496-06
doi:10.7539/j.issn.1672-2981.2023.06.016

Effect of triptonide on the proliferation and apoptosis of
primary lenalidomide-resistant RPMI-8226 cells

WANG Jia-min"**, WANG Yu-jie’, TANG Xin-xin™?, DAI min"", GAO An-hui>*" (1. School of
Pharmacy, Anhui University of Chinese Medicine, Hefei 230012; 2. Yangtze Delta Drug Advanced
Research Institute, Nantong Jiangsu 226133; 3. Biopolar Hongye (Nantong) Pharmaceutical Co.,
Ltd., Nantong Jiangsu 226126)

Abstract: Objective To explore the effect of triptonide on the proliferation and apoptosis of primary
lenalidomide-resistant RPMI-8226 cells. Methods MTS colorimetric assay was used to detect the
effect of lenalidomide and triptonide on the proliferation of different multiple myeloma cells. Flow
cytometry was used to detect the effect of triptonide on RPMI-8226 cell cycle and apoptosis. Western
blot assay was applied to detect the effect of triptonide concentrations on the expression of IKAROS
Family Zinc Finger 1 (IKZF1) and IKAROS Family Zinc Finger 3 (IKZF3) in RPMI-8226 cells. The
effect of triptonide on the transcriptional level of /KZF'1 and IKZF3 in RPMI-8226 cells was detected
by RT-qPCR assay. Results The effect of lenalidomide on the proliferation of different types of
multiple myeloma cells varied. Triptonide strongly inhibited the proliferation of different multiple
myeloma cells, and also induced primary lenalidomide-resistant RPMI-8226 cells apoptosis but had
no effect on the cell cycle. Compared to lenalidomide, triptonide inhibited the expression of IKZF1

EBEN: T, Lo, B0, FENEZFIUPY, email: jlaminw04@163.com " BIS(ESE . 8L, Zo, Bd%, WLEIAE S0,
F BN F 2 A TON 25525, email: daiminliao@163.com; = E, Lo, WIH, WIHWFAEA SO, 328 A R R 25
%, email: ahgao@bio-polar.com
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and IKZF3 proteins in a dose-dependent manner. RT-qPCR assay showed that triptonide inhibited the

transcriptional levels of IKZF1 and IKZF3. Conclusion Triptonide may induce primary lenalidomide-

resistant RPMI-8226 cell apoptosis and reduce the expression of related proteins by inhibiting the
transcriptional level of /KZF I and IKZF3 genes in primary lenalidomide-resistant RPMI-8226 cells,
therefor inhibiting the proliferation of RPMI-8226 cells.

Key words: triptonide; lenalidomide-resistant; multiple myeloma; RPMI-8226 cell; proliferation;

apoptosis

Z Kk MEE#EsE ( multiple myeloma, MM ) J&
KR EAEREE AR MR, IR R
BUAER ML O &5 B R T e A 1
B4 15 570 S IR E B (lenalidomide, LENA) &
I RIGIT MM [ —2k 28 &), (03845 s B Wk At
FHEDXT LENA A8, HAWI# H LENA 585
WL PRI 24 1) J, XL IR H REFE S LENA X}
iy 290 i 154 5 ke S B 9 TKZF 1 T IKZF3 461K
Y EE AR RE I I, DA R 245 0 B IR 7 3L
S B, X T LENA AS S8508% RN it 25 19 MM
BE UL, BEERIE RN ANIRYEA,
WEFE I & A 25+ o b B

BN DA BHEY B AR, BB
BRI . 3825 1 AN LT I 2 Th k. B B N B
filil (triptonide, TPN ), J& 852k A R 58 2
—, AP | BG4 2 B
Horp TPN XF 22 B i g 41 o 20 5 8 3, AL 45 il
O FTE R T A o © 4, EM AR L TPN
Xt MM 40 AR O HGE . AT oY & B
TPN X} A MM 4l a5 BoA fL S5 e, Jf
HL7E LENA JEGURAN AR FAR TH AR T 50500 34
FEAD TG PR P AR SE B R 5 TPN X MM 4f
Jit0 368 A 00 ) ) A FH i P N W AE B AT REAIL L, A
TPN V497 MM 24K
1 ##

1.1 ZAfaAk

% J M B 40 I8 Ak MML1S Al RPMI-8226
KR F 2 E AL B RS T ( ATCC ),

12 &%

LENA (it A Yy 2R A BRA A, 2
. 1024678, 4liJF: 99.80% ), TPN ( MCE AT,
5. HY-32736, 4EJE: 99.73% ), RPMI 1640 53
=4 CellTiter 96 AQueous FFLV4 V& 21 Jitd 484 %l 46
R A& (Gibeo A, 4854354 C11875500BT .
G3581), JR4-IM% (Hyclone AH], %5 F8318),
MR R . TER G (BmEAF, ®Y
43512k S0585. P1770), IKZF1 $ifk. IKZF3 Hifhk
(CST A+, 2543504 14859S . 15103S ), B-Ac-

tin PriK ( Santa Cruz Biotechnology /A Fl, 475 sc-
47778), ECL 5 ( Thermo Scientific A H], %
51 34580), i it A B BEL A I AR & (B AR
N, BR5: C1052), Annexin V-Alexa Fluor 488/
PLAH AL 8 T A R & GBI AR, 1785
40305ES60), RNA $&HUlHl & 106 5% s e ik A
&, qPCR W& (Vazyme AH], 58550510
R701, R333, Q511-03).
1.3 L&

CO, 41 ffw % 3% 46 . 9% 6 & & PCR Y™ #4 Y
( Thermo Scientific ), Victor Nivo 3S £ 1) BE i #
% (PerkinElmer ), & H¥& & 0L (Scilogex ),
HL KA . BRI R (Bio-Rad ), iz 4H i o3 Hr
1¢ ( Beckman ).
2 Ak
2.1 VAR B

U LENA & TPN ¥ K F DMSO H % fift, Bt
>4 10 mmol « L™ " (M, 4338 E T — 80 Tk
Farh A o (I 58 2 R M B B Tk,
PRECER A
22 iR

B MML.1S K RPMI-8226 4AfIEEF5E T2 10% JiG
M, 0.1% F - BEBRRIRAW (1X10°U « mL™ !
HEZM100mg » mL™ ' 5552 1) RPMI 1640 15
Federh, IFE T 37°C . 5%CO, 1 AR JE i 1 5E
Firh, MR RGN, &3~ 4 HER 1K,
OB KBRS A9 4 H 5258
2.3 MTS A 40 j 3 78

B R K3 MM i, 25104 3X10° 4~/
L (MM.IS 4 ) F18X10° 4~ /4L ( RPMI-8226
g ) R0 T 96 fLAR Y, In A S8 R R AR
B AS TR e B 1) LENA & TPN (2000, 400, 80,
16, 3.2, 0.64. 0.128 F10.0256 nmol « L™ ') Z %
AFR 100 uL, £53% 720, A MTS 454, 1RS)
Jii BRI 490 nm 1 690 nm I8 1 A K60 1 5
JEo DA ODyy — ODgoy YE R A HAWEAE, L4 24
FLAIESGIA ( ODgpe ) 5 DMSO R HRFLHY W OGAE
( ODpyso ) P HAE TSNS, THRAXT .
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MHIZR (%) = [1 — (OD g/ ODpyso ) 1X 100%

% H] GraphPad Prism 8.4.3 1194 ICy,.

2.4 R 40 A A TPN xf RPMI-8226 4 ji, &
16 %

BOWHEAE K RPMI-8226 4iiffd, LA 5X10° 4/
LR T 12 LM, AR SE BRI B
[l ¥ B TPN (80, 40, 20 Fil 10 nmol « L™ ') &
RFC 1 mL, K538 24 h G IAE400, A 1 mL
75% LT e R, AR T JE 4 A 0.5
mL 7% RNaseA fYflfL A RE (PI) Yk, 37 Cikt
HKH 30 min, FHTECAHIEAAE 488 nm i K Ab
K, 1E 610 ~ 620 nm AMRHNZL AT 4347 -
2.5 U R 40 AR AN TPN &f RPMI-8226 41 jifl /8
T

HwE %4 K 15 RPMI-8226 41 fift, LA 3X10°
A /LB T 6 LR, A 58 4 8 R S R
7 [ v BF TPN (80, 40, 20 110 nmol » L™ ")
BLARBN 2 mL, Hi3E 72 h FUCEA, A
THT-R M ( Annexin V/PT ALY ) JEEG W
15 min, FFNHRMIYTE 488 nm I KA &, 7F
610 ~ 620 nm AR 2T 5285, 520 ~ 530 nm 4k
(RIS S ER ) i o W i P
2.6 Western blot 7% £ Il TPN xf RPMI-8226 4 Afl
IKZF1 #¢ IKZF3 & & K -F th % v

BN 8 A4 K 1 RPMI-8226 4H fits, LA 5X10°
AV FLEERDF 12 LM, A 5 4 85 7R A
MIASTR]H EE TPN (80, 40, 20 F1 10 nmol = L™ ")
BEARBUN 1 mL, K53E 24 h 5 UAE4i, A
2 X Loading buffer 7K I 24 fi# 30 min 5, 4 J& i
95°C 7 15 min, #£ 5 ¥ #1 )5 #E47 SDS-PAGE Hi,
Uk, WEMERAYE R, 5% MR WK = iR B A
1.5h, il A IKZF1. IKZF3 flB-Actin— #i 4 C
WEE R, WEPE 10 min X 3 WK JE I AN 4t
(1:10000) ZiEPFHE 1 h, 1EBE 10 minX3 WG
A ECL B2, B TR SSAGETiE, SR
FH Image Lab 6.0.1 X 45 R HEA T K4, 1HHEA4
2R F R I AR A B
2.7 RT-qPCR #Jll TPN %t RPMI-8226 41 i, IKZF 1
Fn IKZF3 mRNA % 3k By % 7

BN 8 A4 K 1 RPMI-8226 4H s, LA 5% 10°
A/ FLEERDF 12 LM, A 58 485 7R A
MIASTR] JEE TPN (80, 40, 20 F1 10 nmol = L™ ")
BLEBUN 1 mL, BigE 24 h 5 UE4NML, B
RNA #2HGRAF] & PR RNA F 554 5% i cDNA,
254 55 °C W 15 min, 85°C 5 s i Je 55
fiti 5 W5 . HEAT RT-qPCR 23 M7, 2 i & 1F: 95°C
AS P 10 min, 95°CAZ P 10s, 60 C iR K FiE fH

1498

30s, JEHF 40 k. L GAPDH N ZRH, F*H
27 SRR T ER . SIS 1,

&1 5l¥F3
Tab1 RT-qPCR primer sequences

319 F751] (5-3')
i GAATGGGCGTGCCTGTGAAATGAA
T TGGCGACGTTACTTGCTAGTCTGT
Fiif ACTGCACACAGGGGAAAAAC
Fiif TTGTGCTCCTCAAGGGAACT
9 GTCTCCTCTGACTTCAACAGCG
Nt ACCACCCTGTTGCTGTAGCCAA
28 SKit¥FFE

%M GraphPad Prism 8.4.3 X} 4l 7401147
Mr, SR UIME £ bR, WAL BEE
K258 (ANOVA ), P < 0.05 FnERE
N -
3 £8
3.1 LENA 2 TPN xf MM.1S #= RPMI-8226 % jf.
T % m

LENA X MM. 1S 21 ] EL A5 % i 119 384 5 300 ol
YER [ICs, = (1645.00+149.14) nmol « L™ '], 1fij
X} RPMI-8226 4fi s E AN HilVE S (1Cs, > 20
pumol* L™ ") ; TPN X} MM.1S[IC,, = (6.72+£0.02)
nmol « L™ ") ] 1 RPMI-8226[ICy, = (13.3740.32)
nmol » L™ ") 4 it 34 FLAT 45 5tk 14 338 B 41 o 76
WHMEILT LENAS
3.2 TPN #f RPMI-8226 41 it )l 2 th & v

TPN /E H T RPMI-8226 4 itd 24 h J5, @3 i
A AAS AN [R] R 5 TPN (10, 20, 40 F1 80
nmol * L™ ") X} RPMI-8226 4ilfituJ& K520, 45
w1 TR, Bt TPN ALEE Y BB i, 5 DMSO
2H (23.84% ) AHEL, Gy/M 140 M2 s>, 435
F17.73%. 12.86%. 5.28% F1 1.09%; 5 DMSO
2H (23.38% ) ML, S HAZNAERL AR SR s kA
41 9 SR 24.20%., 27.77%. 15.43% Fl1 8.93%; 5
DMSO 4 (42.76% ) ML, Gy/G, WIZAZEE L,
TN 49.55% ., 45.72%. 37.41% 1 23.73%; [RIR),
5 DMSO 41 (10.02% ) kb, Sub-G, 341 iy 14 i
W, Ak 8.52%. 13.66%. 41.88% F1 66.26%,
RV B 25 TPN ¥R B 0938 m, GyM . S I G/G,
W RIS, [FIRHERE S Sub-G, 1140 s
JnEEige, $#E7s TPN Al e A REREFT-1EH
3.3 TPN xf RPMI-8226 41 it /8 1t & el

K 2 fiizs, 5 DMSO 41AHEL, 10, 20, 40 I
80 nmol * L™ ' [ TPN i5 S4MMEIA T E I TR I 7
e, Ui TPN B #5008 i f2 # RPMI-8226 41 i
T-HIVEH, HHEAWBAEE,

IKZF1

IKZF3

GAPDH
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%l 1 TPN X} RPMI-8226 4l & 1] i) 5 i
Fig 1 Effect of triptonide on RPMI-8226 cell cycle
7 (Note) : 5 DMSO 41 H4:, "P < 0.05, “P < 0.0001 ( Compared with the DMSO group, P < 0.05, P < 0.0001).

[# 2 TPN %f RPMI-8226 41 T 450
Fig2 Effect of triptonide on RPMI-8226 apoptosis
7 (Note) : 5 DMSO 41 F4:, "P < 0.05, “P < 0.0001 ( Compared with the DMSO group, P < 0.05, P < 0.0001).

3.4 LENA 7#2 TPN xf RPMI-8226 %1 jf, W IKZF1  MISCEHAE S . TPN{EH 5 A9 RPMI-8226 4 i,
1 IKZF3 & & &3k 0 % 5 DMSO i AH L, FE#E TPN ¥k EERG i, 4 Hg N

WK 3AFF 75, AF Lumol « L™ 'Y B K,  IKZF1 Ml IKZF3 [ 363k 5 & W 5%, 1560 TPN
LENA £ MM.1S 4iifitl Fr] R IKZF1., IKZF3 % 0] LN J% RPMI-8226 41 fifl N IKZF1 il IKZE3 &
F A EH, 76 RPMI-8226 4l il FREATT R AL, WK 3B,
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13 LENA (A) fl TPN (B) Xt RPMI-8226 4ilfitl 4 TKZF1 Fl IKZF3 25 1335 1520
Fig3 Effect of lenalidomide ( A ) and triptonide ( B ) on the expression of IKZF1 and IKZF3 protein in RPMI-8226

7 (Note ) :
P <0.01, 7P <0001, 7P <0.0001),
3.5 TPN xf RPMI-8226 4 i, W IKZF1 #¢ IKZF3
F I 3 KT e

& 4 ffr7n, 40, 80 nmol « L™ ' TPN fE i 3%
/> RPMI-8226 i N IKZF1 Fll IKZF3 FePRHE 5%
K-, HBE TPNAEHWEEYE N, mRNA £k H%
WA, Ui TPN Al s/ N2 & Pk EE9 RPMI-
8226 4MuN IKZF1 Fl IKZF3 FLPR 55 K-

&l 4 TPN %I RPMI-8226 Al IKZF1 H IKZF3 R K 0540
Fig 4 Effect of triptonide on the expression of /KZFI and IKZF3
mRNA in RPMI-8226

7 (Note ) : 5 DMSO 414, P < 0.05, “P < 0.01, ™P < 0.001
( Compared with the DMSO group, P < 0.05, “P < 0.01, ~"P < 0.001),

4 itig

MM 7E P [ BRI RA R+ T2 —, WERT

1500

5 DMSO 4 ke ¢, P < 0.05, "P <0.01, P <0.001, "P < 0.0001 (Compared with the DMSO group, P < 0.05,

LENMH SR R, HEriLikia@. LENATE
SRR ARG EVT ], HAT LI i iR 4
BE WYY G A M R R I A A R
H B AR IKZF F1 IKZF3 28488 1 R 458
JPVER P, (HAE IR R SEPR N S A2, LENA A9
2z 25 i R, —343 MM B3 X LENA
(0 45 N2 Rk, BRI RUR MW 24, 59 A A A
1 LENA J5t 2 H BUf 25 (] 80 52 20 LENA 6 Pk
59, BIZRTSMEMmT 2. oY o BE RIS 25 Wt 25 11
Ji R 5 H6E IKZF1 1 IKZF3 25 5 40 & 1 19 [ i
AE SR 554 6 0 AR SGEREU T HUBAI KR MML1S
1 R 21 O Bk RPMI-8226 1 K B 9% %of 4 1,
I0IE T LENA 7E US4 MR FnaE SO 40 B 2k Y
M 45 B OR LENA £ MML1S 4i 8 - B A —
SEVAFEANEEYE, PR VR4 IKZF1 Fl IKZF3
/K, 1 LENA 7F RPMI-8226 4y | HEA T
4 8 B0 R0 M 5 R I IKZF1 FIKZF3 & (K F
MIBES . HIAT WL, LENA X} IKZF1 1 IKZF3 )
B I RRARRE 1 T RS X MM 4 0 3845 0 o1 1
PR A O, R T HHT K IKZF1 F IKZF3
SETR 7K 0 259 RN X B FE eSS 25 W s 245 1)
Jr1A)

TPN 1] 1E i NK-«B 15 538 1 3 il 77 & #$1
I AT e JE S U VR, (L R A T
X MM [ 3§ RE 71 A< 3C & 81 TPN X LENA
AR MM 4 i3S FE A A L R, B
X —VEHSR T LENA, Ait—240 TPN #iHil4E
U MM A5 VR, ASBE ol i =X 40 i
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KGN HXT RPMI-8226 2 it J&] HH K I 7= ) 52 i
R TPN ZLFRHREEHEfin, RPMI-8226 #fifif
B T R T A B B, iR R B B
SR BARA A E R, 2R TPN 3 i {2 40 e 0 T~ 1
BN MM S FE I 1EH] . IKZF1 Fl IKZF3
T RHE 5B Tkaros ZER G e R+, 2 0
IRF4 [} 4% 55, HEM S c-Myc JE il — A~ 4% 5%
2%, 25 MM 40 M0 A= AE R o, i RE R Ak
4 W) 1 o B A% TIKZF1 F IKZE3 85 1 ] & 4% 30
MM N3 FE A E R, (E 3K — R A AR FH AR A fUsk
MM 41 fifd g 55 P, % F IKZF1 Al IKZF3
IR S MM AIEHEAEA G, H IKZF1 Fl IKZF3
(YN 58 4 ik J2 MM 28 JfL 6T LENA Tiif 245 4 J 1A
A 5T 38 12k Western blot K5 7 TPN Ab# J5 41
Mo N IKZF1 #1IKZF3 335, & 3L TPN A] | i
RPMI-8226 41 fiil IKZF1 1l IKZF3 & H ) % ik,
i RT-qPCR L BGUE, & I —1F 23 o sk />
IKZF1 F1 IKZF3 FEPR i SR i SE i o
ZE LTk, AHESE & B TPN /] {2 #f MM 1Y

AR T, Rk e N MM 4L IKZFT
IKZF3 JE R 5 Sk sE AR DGR T ERER,, KA
il 22 e Pk v e A LIS B AR, X — 45 R ik
— 4 R TPN 7EHT MM J7 1 114 52 B 0 FH 32 4K
Wio BRUILZAL, TPN RUZERULIY), B BER £ 2R
B R B O A B9 4 B LA 3 ok A o
W 37 1843 2 7% 5 RPMII-8226 ZH L - 1), Rl
WA L i B A B N R B 5 TPN 4L MM I/
2SS, AT\ N R B, AT 4] MM 20 A
IKZF1 #1 IKZF3 #y35 H 21k HAE i 52 7 TPN,
(B[R] B LAt Bt 5 3% I o 2 A IR 1k 5 W e
TR A RE R R IMAE TPN AR M, ik
AT A REN BRI, TPN I8 A I R % 4 fiff
o ARG PE M BERBE, TPN KRR, 18
I s 22 Y, T 3 et 2 1 e ) AR A R DA
U A2 FRAKY
SEXH
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5t A5 2 ER X ER S T2 SH-SYSY 4HaiRi{5
HERIPIERARINEIFR

MRk BB, R Y, BRFRE, AL Y Y g A Y (LmdehESE, AR
050200; 2. FiIF K2R EE B, KA 300071; 3. RIE\EKHHZHZ0ARAE, KA 3004105 4. KT P 257 5570 26 T
Pl i S 5085, K 300410 )

WE. B FiTEHAFA S5 (SAFL) 8453 345 A4y &5 20 0% 20 e, SH-SYSY
PR PE R R EALE . ik RAZEAEF S (OGD) F kMR SH-SYSY 4 i b B AR5 4
A it CCK-8 k4 M 42,6, 8. 10 h J& SH-SYSY @ty &5, iR & mIRG A2 £ 5-
LRk 2 BLESRE R A% (EAU ) & i R ma ey 3@ si 4t /1, K B Western blot i 4= %, %
R RAFITEA M 22 5 R EACE G B 058 (MEK1/2). @ fesM AT & iy (ERK1/2) &k
KFwg T, R SH-SYSY @afiesk 2.6, 8, 10h /5, @G EE 534 (64.7610.10) %,
(62.9446.06) %. (60.90+1.33) %; HE A 0L T SAFL E@e A 42 295, EdU &
CHERE R, HEFAKE, A4 SH-SYSY @90 EdU Mk ampedin s (P <0.001); 5
RA A bE | 45 SAFI & SH-SYSY 48t P EdU Fa b 2m e 4080 238 52 (P < 0.001), Western
blotfe 2. B R AL ERE =, HAEA A, % F SAFIJE SH-SYSY 48 i ) MEK1/2 #=
ERK1/2 B aBBAKTFRARFZ (P<001), &it EI4HRITA S Brik st Adh Z 7 ta b g tm
e, SH-SYSY #8404 A A R 4E A, HAuH T 4 5 % % Ras/Raf/MEK/ERK 12 5 i@ %, AT
MEK1/2 #= ERK1/2 %& & BB ALK T 48 %

K EHAITA S EmER; 2R R ENE QMBS EE; MM 5 AT M gl
2 AR P

FESHES: R285 XHEFRIREL: A XEHS: 1672-2981(2023)06-1502-07
doi:10.7539/j.issn.1672-2981.2023.06.017

Protective effect of salvianolic acid for injection on hypoxia-induced injury
of SH-SYSY cells and related mechanism

CHEN Lu', NIE Yong-wei’, ZHANG Yan-xin"*, YAO Yu-qging', WAN Mei-xu™*, LI De-kun™*, JU
Ai-chun®*" (1. Hebei University of Traditional Chinese Medicine, Shijiazhuang 050200; 2. School
of Medicine, Nankai University, Tianjin 300071; 3. Tianjin Tasly Pride Pharmaceutical Co., Ltd.,
Tianjin 300410; 4. Tianjin Key Laboratory of Safety Evaluation Enterprise of Chinese Medicine
Injections, Tianjin 300410)

Abstract: Objective To determine the protective effect of salvianolic acid for injection (SAFI) on
human neuroblastoma SH-SYSY cells injured by oxygen-glucose deprivation and related mechanism.
Methods The hypoxia injury model of SH-SYSY cells in vitro was established by oxygen and glucose
deprivation (OGD) method. The survival rate of SH-SYS5Y cells after the hypoxia for 6, 8 and 10 h was
detected by CCK-8 method to evaluate the degree of cell injury. The proliferation ability of cells in each
group was compared with 5-ethynyl-2'-deoxyuridine (EdU) staining. The expression levels of mitogen-
activated protein kinase (MEK1/2) and extracellular regulated protein kinase (ERK1/2) were detected by

EETA: REMAHEERLHYS TR IS ZmmRIE R IZ” (No.18ZXXYSY00120).

YEEEA: WRBE, o, RO, FEME R A S EE], email: 13624832432@163.com  CIEIEVEE . =M, B, W
GUURN, Wi, FENGPTZ BriiER] . Y ERISY . email: lidekun@tasly.com; TR, B, IEmZCTARN,
L, FENGE PSR T2 R i RIAFSY, email: juach@tasly.com
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Western blot and immunofluorescence labeling. Results The cell survival rates of SH-SY5Y cells were
(64.76£0.10)%, (62.94+6.06)% and (60.90 % 1.33)% after the hypoxia for 6, 8 and 10 h, respectively.
Compared with the model group, the cell survival rate was significantly increased after the SAFI
treatment. Compared with the normal group, EdU staining showed that the number of EdU positive
cells in SH-SYS5Y cells in the model group decreased (P << 0.001). Compared with the model group,
the number of EdU positive cells in SH-SYSY cells increased significantly after the SAFI treatment
(P < 0.001). Compared with the model group, Western blot and immunofluorescence showed that the
phosphorylation levels of MEK1/2 and ERK1/2 proteins in SH-SYS5Y cells were significantly increased
after the SAFT treatment (P << 0.01). Conclusion SAFI can protect against hypoxia injury of human
neuroblastoma SH-SYSY cells, whose mechanism may be related to the activation of Ras/Raf/MEK/
ERK signaling pathways and the regulation of MEK1/2 and ERK1/2 protein phosphorylation levels.

Key words: salvianolic acid for injection; mitogen-activated protein kinase kinase; extracellular

signal-regulated kinase; cell proliferation; neuroprotection

G 0L DA e AR R BRSBTS
TR R RN, A AT A B AN A 105 3 B
PR A G E MR, 2R A AR R B
Xof f14) R S T A ) A Y g ot A
B BH ZE i 2 P EURR I A SR ML PR IRAE, Bl
WA AR, EE X i e 1l %) =32 2055 FEAIL
TP ERE s . AU RS, M
SRAE R MII T J7 T, A AP EUE R AT
KB, BASEORMAEHPLRE L ARG . TN St
N SECRASTR o 22 A48 e o e o s ) ) B
ORI, FECRAE RN IE I,  HE  E—2 n
T, PR AT S R R 5 s A R I A i ke
JIIE L

WNK2 e 2 AR R 4ot i i 35 310k
M) — R 2288 /5 = R E A Y, S5
Ras/Raf/ 2254535408 1P 3 ( MEK1/2) /
AN AME 5 1 (ERK1/2) {5 5@, %105
W AR AT B A M R T L A T R AE K R AR
LRI, S 5T AEM R ETIEE, 5
AR R 28 22 G50 Y R B s B R 2 DA
5 T fi e, e AR A R AR S T TS
b3 MEK1/2 il 38 £ 7 i ERK1/2 3% fL I 2E A 40
MaAZ, PRIERIOCH; SR T mi ek, 0k o e 4 2k
PRI 38, a2 M 200 S SO AL okl F 18 400 i 34
i AMEAET o T

TS HFEZ LR (SAFL) Z4taiftZtk
VoM I R A U i S R A TR FE
Il PR e b BE A AR B3R Y, B IR 4T
Fifg e i 55 4, i TR . LA R
B SRR RV A 2R, il

PR T BE B IRAS 2B 0 o, PR 2 R
PIVE FHBIL 3 20 e w3 71 2% . 1] A A0
TRV 1 i S e @
Hl, 5T SAFI5 Ras/Raf/MEK/ERK {55

W OC R A, A TEREAE Ao B L
PRI SAFLA o {1 1 41 e 3% 58 & 4% i PR 47
FIVEFIRILR , Ay HE T - b 7 FH 3 I AR i I %65 9 9
RA ST BB
1 ##
1.1 L&

CO, ks34 (35 E Thermo Scientific /3 ) ) ;
B4 /NaE (35 [ Billups-Rothenberg 2 7] ) 5 40l i}
4L (32 Invitrogen 24 7] ) 5 Infinite M200 A7 {Y
(Hi -+ TECAN /A H]) 5 CKXS3 8] & & i 5 (H A
Olypums 22 F] ) 5 STI6R H5 2 m B R E DL ([
Thermo Scientific 2> F] ) o
12 k%

SAFI (KRR + 23l AR AH, &R
130 mg, & SR AR 100 mg, 5 20200609) ;
DMEM/F12 Johisi 720 (Procell ) ; 4R IfiLi (HY-
CLONE ) ; DMEM/F12 = 55 35 3k . 0.25% it &
., BER, SEERIER. PR PEAM (PBS),
(Gibco ) ; CCK-8 17| (H A A=) ; BCAZE ¥k
FERII & (Thermo ) ; WNK463 ( TargetMol, 41t
5 140692) ; EdU-647 A FH A IR & G s
K); ERKI1/2 Polyclonal i1 /&, MEK1/2 Polyclonal 4
& ( Proteintech ) ; Phospho-p44/42 MAPK ( Erk1/2 ).
Phospho-MEK 1 ( Ser298 )( Cell Signaling Technology )
2 FHik
2.1 R

1503



Central South Pharmacy. June 2023, Vol. 21 No. 6

T 222 2023 4F 6 H 55 21 % 45 6 1)

A2 20 R A0 SH-SYSY Iy [ T i
Wi R A R A FE, & 15% 1624 i
F1 1% SHL Y DMEM/F12 sl 5 B 5, &
T 37°C . 5%CO, H5 356 h EE S0 4i G RE AR K
b H B, 43 ~ 4 HF A T—WABAR, DA AL 5K
2.2 CCK-8 3 # Wl SAFI &t SH-SY5Y 41 Jii 7& /1
Hy % v

SH-SYSY 4l Jifd 5 & 1F # 20 1A [A] R B SAFI
R, IEE AU AL ], ARV SAFI
25 25 2H 1K DMEM/F 12 1 0 8% 7 5 1 1 79 7 A1
N Y E 1 SAFT 250 M A4l v, BRI B
HALFE AL, IEHEIE 24 h)m, FEFERFEROT
FH PBS i ¥k, £{LIN A DMEM/F12 785 1% 55
i B CCK-8 A 100 uL, #OEMFE 1.5 h, 450
nm P K T IE ROE A, THRAMMAEE R, 4
MIAFTE 2 (%) = [ (2 HWROE R — 25 H AL
WG REAE ) / CIE & MO0 B — =5 AL B
) 1X100%.,
2.3 SAFI 6k £ 4715 SH-SYSY 4 8 B9 15 47 1E A
231 FEWEFZFE (OGD) Ry, XY
SH-SYSY 4iffilA 1X10° 4~ » mL ' $EFh 2 96 FLAR
o KRR, 20 O B A K 3 50l 2 R I T
SEACHy . s RIFEIESROITH PBS Wik, LAHERRf
ARG 2R U5 X S2 g6 25 R, i H&
1% AL 177 DMEM/F12 09 AR 35 3, T
92%N, . 5%CO, Fl1 3%0, K55/ INE HFy it Hl A 5
232 MHKEZS SH-SYSY AUBENL N IE
7H ( Control ). #5742 ( Model ) Fi1 SAFI (0.013,
0.026, 0.052mg*mL ') 4. IEH AU’
QbR 29 T 6y DMEM/F12 JC A B 55 55
SAFI 25 245 20 WK o DMEM/F12 15 35 5L e i 1
AR e FE Y SAFI 25 i A dii il
2.3.3 CCK-8 B:46 SAFI X k& i /i SH-SY5Y
Y LG S B s x4 6. 8. 10 hJF il
ik CCK-8 A I - 158 4% 2H 40 A 0 A7 15 %2, 4
MIAFTE R (%) = [ (JHZAWIEEE — 2 A AL
WeOEREAE ) / CIE & 2 WOE B — 25 AL B
{8) 1X100%.
2.3.4 SAFI XA SH-SYSY 4 M A& 5%
M) EATHRAA 6 h AL 7 B B A N SR IE
AAEIFHIIE R
2.4 EdU % # 3 % 7| SAFI #f SH-SYS5Y 4 Jif, #)
FEFH HE A1 B

O BE T~ 24 FLAR Y SH-SYSY 20 377 il 48

1504

6 h AL, I+ B EAU-647 4 3 5 46 I3 75 &
IR EE A S v L (SIS A & DU SSHE
KAEREMSE, 15, EdUBHMEAIIR (%) = (FH
PEARMEEL / EAAEAL) X 100%.

2.5 Western blot # 71l SAFI #4447 145 SH-SY5Y 4
M % MEK1/2 #1 ERK1/2 & B 5% 3k Bk B 16 ACF By
%

WEIERA ., BRI WNK463 411 SAFI
(0.013. 0.026 1 0.052 mg * mL ~ ") #H, iRl
TR SR AR () SR A TR, A2 A
YR VAT B4R 6 h AbEE ., SR 2R (1R
BCA ML e i, B MEALBE A & A AR S 48 10%
T TR IR AN - RN EERG B Tk, FREN R
B MO, 5% 41 HEH (BSA)
FIRE 1 h, SBIIAX R —Pt 4 CHFF R -
W H I PEREZE g (TBST) WE¥E, A ZPi%E
RPEIRIEE 1 h, BECLILREMIE . i2H Image J
A Hr R A R, 15 B R AT R
K
2.6 I EA N SAFI 44 Hi45 SH-SYSY
40 ji  MEK1/2 fo ERK1/2 & & % 3 R 88 Kk
T B

BEE IE R 4. BIRI4] . SAFI (0.026. 0.052
mg * mL ') A WNK463 41, FIELUTF A5k
1928 K TR i3 i H PBS Uk 3 1K 4%
2 TR WS [ B W R TS 72 15 min, PBS WV 3 1K
0.1% Triton X-100 % i i % 10 min, PBS & Ut 3
W T INEE S SE MR R e e R A =R T
B 1 h; WINFRG M —dr 4 CIEE LA RH
H PBST g VEFE R, TINZOCERICH —ht, =
TRREOGIE T 1 hy JH PBST I VEAE -, % m 100
uL 1) DAPI ZREOEHFE S min, FRRIEVERER
et v AT A, BT BT
LI,

27 GitFEaE

A # s L, x£5 F7nx, KM GraphPad Prism
8.0 BRAFHA T ER N 2R T 25 3 o fi8&l, DL P << 0.05
RHERAFITHE L
3 &R
3.1 SAFI % SH-SYSY 4 7% 71 19 % vH

PIIE % 2H SH-SYSY 40} 3% J1 & 100% 1,
0.005 ~ 0.08 mg * mL ' 1Y) SAFI{f [l T SH-SY5Y
iR JE, NG S137E 100% 247 (L 1), #id
i 0.005 ~ 0.08 mg » mL ' N 1Y) SAFI X} 1 % SH-
SYSY ZHETCHmHIVE



RG22 2023 4E 6 A %5 21 % % 6 ] Central South Pharmacy. June 2023, Vol. 21 No.6

®1 SAFIXTIEE SH-SYSY 4AE S1HI5 00
Tab 1 Effect of SAFI on viability of normal SH-SYS5Y cells

R 2 SAFIZTERRIRG SH-SYSY A% 1R300
Tab 2 Effect of SAFI on viability of SH-SYS5Y cells injured by hypoxia

Papail TR %
EwA 100
SAFI0.0025 mg * mL ' 97.814+2.71
SAFI0.005 mg * mL ' 99.2342.18
SAFI10.01 mg * mL ' 101.24+3.52
SAFI0.02mg * mL ' 100.69+1.13
SAFI10.04 mg » mL ' 99.90+1.41
SAFI 0.08 mg * mL ' 105.424+0.98"
SAFI0.16 mg * mL ' 92.69+1.69
SAF10.32 mg * mL 88.79+2.85

. HIERAME, TP <001,
Note: Compared with the normal group, P < 0.01.

3.2 SAFI 6t & 4 1% SH-SYSY % i 7% 71 89 % v
PAIE & 44 SH-SYSY 41 it 3% 71 4 100% i1,
B4 6. 8. 10 h i B AU 20 40 77 35 SR AE 60% /&
i, HEESEBIAF IR, ARG, A
e, SHEAIAIMIEL, 2595 25 4L A7 G
& SAFLUREERG KM B A+, UiBH SAFI nf k38
SH-SYSY 4 AR, HREE R 5 st
R, S50 2.
3.3 SAFI 6t & 4 1% SH-SYSY % fi # A 89 & v
1E % 2 SH-SYSY 21 Jifd H A5 #4 A R 240 it Joi 58
B, RIS Z I . A2 41 A 4
W B A AR S AR IS, Al = IERE
55 1EH 2R LA 28 B AT b . SRERIZE AR L,
ANRIHRE SAFL 45 25 20 W A e 5 e 16 22, 4 4 R
SR HGE (ILE 1),
3.4 SAFI xf SH-SYS5Y 41 3 78 #6149 % v
HIER A, A4 SH-SYSY 4ifiiH EdU
BH A 200 i 25 I S AR (P << 0.001), S04 L
&8, SAFI (0.013, 0.026 F10.052mg * mL ") 417
WNK463 41 SH-SYS5Y 4fi g # EdU FH 4 41 it %5 B
W3 (P <0001, WE2),
3.5 SAFI #f &t & 41 15 SH-SYSY 47 1 f MEK1/2
A1 ERK1/2 & & & 3k KB B AT 8%
TEHA . BIRIZE . WNK463 ZHH1 SAFI (0.013,
0.026 f10.052mg » mL ') 41 40 ffi P MEKI1/2
FIERK1/2 £ 1 R A T B b, 5 I1EH 414
b, A5 84H p-MEK1 Fl p-ERK1/2 & 11 2% 35 Uik /0
(P <<0.001) ; SHIUZHAALL, WNK463 41 p-MEK
Al p-ERK1/2 F ki &= FHR, SAFI (0.013. 0.026
0.052mg » mL ™) 415 p-MEK1 1 p-ERK1/2 &
H RN R SAFL IS mmA& (P <<0.01).
AR SAFI i@ i #55 SH-SYSY Zififi Py MEK1/2
F ERK1/2 BEFRACKT-, E 1 A H5osi iz s am A 28

o T /%
B4 6 h B4 8 h B4 10 h
AL 64.761+0.10  62.94+6.06 60.90+1.33
SAFI0.013mg* mL ™' 84474333 72.82+6.56" 62.94%10.60
SAFI 0.026 mg * mL ™' 88.87+236"" 73.16+0.87" 67.83+5.29
SAFI0.052mg * mL ™' 91.34£1.90™" 79.28+2.55" 74.4240.40°

e SERAMHL, P <005, "P<0.01, TP <0001,
Note: Compared with the model group, P < 0.05, ~P < 0.01,
P < 0.001,

FRYER (DL 3).
3.6 SAFI &t &t € 41 15 SH-SYSY 4}l ¥ MEK1/2
A1 ERK1/2 & A 3k Bk B 0 KT 89 5%

TEH AL AL | SAFT (0,026 #10.052 mgemL ™)
ZH 1 WNK463 41 4f Jifd ;N MEK1/2 1 ERK1/2 £ ]
FIRLHEES . SIEWA e, A4 p-MEKI
1 p-ERK1/2 £ ik i B B T e SR Frds,
SAFI (0.026. 0.052mg+mL ") 20 Hl WNK463
2H P 1Y p-MEK1 F1 p-ERK1/2 %5 11 ¢ 35 &8 9] & 7+
Fo ANFEVREE SAFT AZbH K B SH-SYSY 4l Jfd e 9%
7% 645 H 5 Western blot A8 i 285 St T — 3%, %
B SAFI v] LA i & - i #ft 25 46 JfL 7 p-MEK1
p-ERK1/2 F I YR IE K, RAEM & O3 1E
(I 4),
4 itig

078 7 S B R . BB B b BH €, 1
I3 Sy b . R 2H 2 AR AN BT B AR 2
SRR AL, VR SE 2 2 S e BT AR AL T B
MRS, LARCSE S DX s BREGT, SR
TGIT BRI 25 LU 2R DA K 48 R et Y, T — s
£ U PR A B, A e 24 gk R AR
7 & A SO B A 2R 25 2 R A e 2B, ]l
AR ZHEE LR, 285, 28750
B B R . SAFLE L2 N ECRE, R R
AR T2 B I3 B 7KV P 0 R 28 0 ol T e ) v
PA3RE 5871 | =18 11 b 11 4 7 N i 1 OP €
FE R, DA e P b e I P B4 5 VR i
PRIGYF RO 3 1

21 0 154 B 155 O 8 2 - Sz 45 245 5% A A 5
1 1 1y e o T 0 o K A 21 R i Y oL I Qe
ARG EL (e . UMk R T | mERR R ik
CCK-8 145 ). DNA & Bkl (fi fig ws nE 4% 11
AL 5- LB AAUR M WE A% R R EdU %) . 4
H8 5 R DG TR ARG A U ARG R CCK-8 A
gER R, AR SR T, I R,
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I 1 44 SH-SYSY 472 1L (X100)
Fig I Morphological changes of SH-SYS5Y cells in each group ( X 100)

12 SAFIXf SH-SYSY ZiHE4 s RE 1 ise il

Fig2 Effect of SAFI on the proliferation of SH-SY5Y cells
E: HIEWAML, P <0.001; SHEBY4IAMHL, ™
Note: Compared with the normal group, P < 0.001;

P < 0.001,

compared with the model group,

P < 0.001,

F3  SAFIXHHAE I SH-SYSY 4t -h MEK 1/2 Fl ERK 1/2 75 14 215 K Ak K F- (1 5
Fig3 Effect of SAFI on the expression and phosphorylation of MEK1/2 and ERK1/2 in SH-SYSY cells after hypoxia injury

e HIEWAME, P <0.001;

Note: Compared with the normal group,

LRI,

SRR A L, SAFI 45 7 1 25 40 I 00 £7 1% R T
o BdU Y (a2h LR, OGDFSHSYSWEFQX
AN G B RE 1 R B, EdU B 40 B >
o SAFL 55 H 0 5, SH-SYSY w%éﬁm@%ig
FEBE 1 FH R, BdU BHPE40 5 2. R ik 4
SAFI A] fig il i 2 JF SH-SYSY 2 4u s s, ok
5 HA A A0 41:%5&“0

ERK 4 M & 22 24 7 75 16 & F s (MAPK)
K B R4y, BB LA 25 4 R TR

1506

P <001, TP <0001,
#p < 0.001; compared with the model group, ~P < 0.01, P < 0.001,
(%) ERK1 F1 ERK2 M FpIE 2 B, 7240 M A1 i AR

KHF L 4P AR s B S 2 MO s, o
R Ak ERK1/2 M HE A 40RO 5 st K 1
VAT AT G 5%, (i A Fak nl s ko, it
M Sases ., ok, 1 AmE T2t fe 0,
WNK463 J& WNK2 4 4 45 o 55 1O, ﬁﬁ
g3 0 B i B I R 48], Ras/Raf/MEK/ERK {5
53 [ T 37 B 45 Bl TR TS, WINK2
YE R B R - 22— T 3 P 2 450 o 3 R
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P4 SAFIX SH-SYSY #ififih MEK1/2 il ERK1/2 7K [ 363k KB RR K FA5 T A 5 R
Fig4 Effect of SAFI on MEK1/2 and ERK1/2 protein expression and phosphorylation level in SH-SY5Y cells
Ve SIEHAMIL, P <005, ¥P<0.01; SHEELHL, P < 0.001,
Note: Compared with the normal group, “P < 0.05, ®P < 0.01; compared with the model group, P < 0.001,
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MR Z R EBIIIRE, LIRS bk e

PETAR AP X A 25 . Western blot A1 28 9 1 3L 56

X} p-MEK1 1 p-ERK1/2 £ [k RN 43 BT 2 A

AT, p-MEK1 fil p-ERK1/2 2 4 & ik 7K F

AR, NRIMEEE SAFI 452541 p-MEK1 F1 p-ERK1/2

HHRBACET . RIHHEN SAFL AT AE i AF

T WNK2 S 1, 0% Ras/Raf/MEK/ERK {55

i, P p-MEK1 Al p-ERK1/2 2 [R5 7K P2

PEANEIE TR, SR ITAE SR 405 A H I PR A g 24 2L

TR

7 PR Rl 22 22 40 ERK1/2 5 & 40 Th g

WA FA TG, B M 05 1Y) Ras/Raf/

MEK/ERK {5 518 f#, 18 28 9o 5 40 JH0 45 o 40 43

et 5 M B R R AR 22 5 2 e 2

PR 15 ERK 2 HA X" /B, KINTE

TIPS AR R, AR IR AR HARR R

A RIS, SRR T AL R e e, B

2P FHAIL A5 A 50 i 2 1A A A A

T B — D WT5E

SR
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ET MR GEF I LIEITTAE R TR R mESRERILEH

ARG, EAE, KA, BRBE, RWE" Y (L RERKEPER, IR A 523808 2. RERA
SRR R SR, AR BHL 524023 )

HWE. B A TRAHZZREIIERBTELFRIEKRBE (RV) G4ERBRIE, F
7% KA RV B # Caco-2. MA104 # A R Bl 2 B AR A R 369 30 RV R M. A 4494 RV
VAR B RV £ M & m AE A3 #) Bl TCMSP, GeneCards, SwissTarget Prediction, OMIM ¥A &
DisGeNET 3k B i 3 A= RV 69 #2325, 3 K F -RV X & 3.5 )53 47 STRING 447, F
A Cytoscape & #F 2| 4L RV #9 X st ¥e &, KRG TKEGGE &0 tritdie s - @R H; A
A AutoDock Vina 3 47 4 F *t 4%, TR A B F 5 K 4E4F A ¥ 569 45 & B ; RT-qPCR & 4]
PIK3CA. Akt] mRNA # % ik ; Western blot #4l Za ¥ PI3K. Akt &G kixK-F, &R @i
FIRERR T, BEFEARRV AhERAER, LI RV EWA H M4 RVAER, @id W
BT HNT, RAFIFRE R TS 361 AN, RVABEIEE 445 A, E£R 3.8 38 AN, A
FEOR-EaQRAMEAER (PP1) M4 b5 48 K F 4 RV #9400 32,5 4 CASP3. EGFR. FNI,
PIK3CA %, & T334 R 2 TR F o LIt A BT 4448 /1 . RT-qPCR & A i H &
Mk Z 3 7T L PIK3CA. Akt] mRNA & % ik, Western blot £ R 2 A X F B3 Lifm
B p-PI3K. p-Akt & @8 kL, @ PBKA Akt B & R X T AW B T, Hit @iLMLhm
FOM . B TFIEBIEF RN, R EF RAELA I RV 2 RAEA, W B Tadit
4% PI3K/Akt 15 5 18745 % 3 RV ¢94E A

LR BER S kR AE; MAHIESE, 5 F 313, PIBK/Akt 15 5%

FESES: R285 XEkFRIRED: A XEHS: 1672-2981(2023)06-1509-07
doi:10.7539/j.issn.1672-2981.2023.06.018

Anti-rotavirus mechanism of hesperidin based on network pharmacology
and in vitro experiments

ZHOU Yu-jing', QIAN Yu-pei', YUAN Yue', YANG Si-yan', SONG Li-jun"*" (1. School of
Pharmacy, Guangdong Medical University, Dongguan Guangdong 523808; 2. Guangdong Key

Laboratory of Research and Development of Natural Drugs, Guangdong Medical University,
Zhanjiang Guangdong 524023)

Abstract: Objective To determine the action and mechanism of hesperidin against rotavirus (RV)
based on network pharmacology and in vitro experiments. Methods Two cell lines, RV-infected
Caco-2 and MA104, were used to evaluate the inhibition of RV attachment, direct inhibition of RV
and inhibition of RV replication effects of hesperidin. TCMSP, GeneCards, SwissTarget Prediction,
OMIM and DisGeNET were used to obtain the potential targets of hesperidin and RV, and hesperidin-
RV crossover targets were analyzed by STRING and imported into Cytoscape to obtain the key targets
against RV. KEGG enrichment analysis was performed and the target-pathway map was established.
Molecular docking was performed with AutoDock Vina to predict the binding of hesperidin to the
key targets of action. The expression of PIK3CA and Akt mRNA was detected by RT-qPCR. The
expression levels of PI3K and Akt proteins in the cells were detected by Western blot. Results The
cellular assay showed that hesperidin had anti-RV replication effect without anti-RV adsorption

EEWH: FFHARAREAT FH (No.81473401, No.81973548) ; ML AMEIH (No.2021B01139) 5 444 e e Al I A5 I
(No0.2022KCXTDO11) 5 J7AREERF AR i H ( No.4SG22009G )

EERN: FEMS, &, Bit, FENFPGP5Y, email: zyj yjs927@163.com BISIEE: KIZE, L, Hd%, FENE P
ZHPIAESY, email: songlijun6981@126.com
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and direct inhibition of RV. The network pharmacological analysis revealed 361 potential targets of

hesperidin, 445 RV-related targets and 38 common targets. The core targets of hesperidin against
RV were identified from the protein-protein interaction (PPI) network (CASP3, EGFR, FNI, and
PIK3CA). The molecular docking showed that hesperidin and key targets had good binding ability.
RT-qPCR showed that hesperidin upregulated the expression of PIK3CA and Akt mRNA at all
concentrations. Western blot showed that hesperidin significantly upregulated the expression of
p-PI3K and p-Akt protein, while the expression of PI3K and Akt protein did not change obviously.
Conclusion Based on network pharmacology, molecular docking validation and experimental studies,

hesperidin not only has anti-RV replication effect, but also exerts anti-RV effect through regulating

PI3K/Akt signaling pathway.

Key words: hesperidin; rotavirus; network pharmacology; molecular docking; PI3K/Akt signaling

pathway

BRI EE (rotavirus, RV) J@ T fig I 75
K, B4 LGS E SN R, 2EREFEA
MR 5 2 LR i) LEIRGE RV, FET- BT
20 5" HET, © A MRV T (Rotarix Al
Rotateq ) 7EA3KILHE N, {H RV g 1 bR AL 57
B, HWBEERAR P BT L ot
RV RFRIGT T 254, FER AN . 4D 7T HL A o
IV 7 S AR Pl B i 24 1 7™ 1) B K R 25 6L
SEER L I, R ABAIT RV BA .

R e —F R EERAT A, BA A
B A A A5 . AR B A
PR AR RZ TR B . A BB AR . Bk ME D
RINEEFEM D, A IR AP RV VIR
T AR, ACRTT RV &G MA104
— PR, = A OCRIAILI BT

AR, BEE RGEDY . EUME R
o 2 AR A U R R, D) 4% 2 P A Ok
Z W T 2516 R HLRI i oE 0 ARBRIT IR
FH RV B¢ Caco-2. MA104 15 Fft 41 g AR U S A 4
BT RVAER, I 1 FH 0 28 24 34123 it I 4 1 7
Pt RV A GE MY VE A sSORVE G B, 45640 FXF
LI UE LA R T SEE, 5 R H RT-qRCR .
Western blot #EAT 5 IE, R4 TH 43 AT 8 B2 1 9T RV
BV L R AR S SRR -

1 M#REFZE

1.1 48 RSN RV L5

L1 gy R (L. 99.8%, i ikt
EYBHEARA R, FIE AR (RS
JREG AR D, M. mbis R (€
[ GIBCO/A 7)), MM (Solarbio /2y ), — Hl 3
WAL (DMSO ). PCR 514 (A= TAEW) TR A A
FR 2% 7)), TRIzolid 7| (Invitrogen A 7 ), SYBR
Green Premix Pro Tag HS qPCR . Evo M-MLV RT Kit
with gDNA Clean for gPCR I (KitAikerui 23 ) ),

1510

B-Actin, PI3K | p-PI3K ., p-Akt ( Cell Signaling A 7] ),
Akt ( Proteintech 23 ) ), HRP #pric 1L FHi %R 1gG —
Pi. HRPFRICIIEPTR 1gG — 9t (BA= KA ),
1.1.2 40595 MAL104 40 &0 E bl ok
SFYNMLE . Caco-2 M 2 W A 2R 27 4 A 22 |
RV-Wa Jii R FH AR S50 28 fRAT
1.1.3 ¥ %% 1HE4H ( Thermo Scientific 2 7 ),
K (HAR Sany 24 H]), ifEE/ER SIK-
202 Y (UL ), Bl B
CKX41 ( H 7 OLYMPUS 2 ] ), i B¢ £ 72 46 )
{¥ DG3022A ( Gene Company Linited A ) ), R
HEEMEAL (F45 Eppendorf /A ] ), S ALBRMF
B4 (3E[F Thermo /A H] ), Azure C300 fk27%
W% 2480 (32 Azure Biosystems 23 H) )
1.1.4 RV, P¥SHENE  ZMEEE
1 MA104 205 T 37 °C . 5%CO, 41 ffl 15 5546
WS, H A WA T LS B 40 B 20
MO AR RN (CPE) ik &)+ + 4+, BUH 405
FEME T — 20 CoKFI . R R 3 Wa e
FRELET, BOIs%E, bRk — 80 CHRA
B RV IR IR B 1071, 1072, 107,
1074, 10°°, 10 * R AN B, 43 Y MA104
gNAE, 4R T ISR R ARG B A9 RV ik 27
W HFLN TR P CPE I, i858 N A — BRI
H P CPE B9 FL%%. #2118 Reed and Muench J5 11
IR FERY TCIDs, o
1.1.5 R Y FIENE  Caco-2. MA104 4
o LA 8 X 10* A4 » mL ~ ' A% 40 it 25 0 T 2 40 Y
KRB, AN RV B B4 K2 11 (13.125 ~ 800
umol « L"), 153 48 h )5 78 flf A5 X _E A5 490
nm P FEFLEROCE (4) H, AT
R AR (%) =294 A8 /15
Xt BEZLSE-44) A {H X 100%.
1.1.6 BEHHRVIEN © bt RV W HEM:



RG22 2023 4E 6 A %5 21 % % 6 ] Central South Pharmacy. June 2023, Vol. 21 No.6

FHA ) e BEAS Jz FEFRAL LR A 2 h, SRS HH RV 9K
RN, W 2 h, BRI, A4
M 4E e, 37°C. 5%CO, & 48 h, @ Ei#:4
Hill RVAER : #1255 RV i 5 S5 AR BLR
AVEFH 2 h, IMAZRIGIIEHIE 2 h, FINAL
YRR, 37°C. 5%CO, ¥/ 48 h, @ Hit RV AW
ARAER . RV IR RGN 2 h, BRI
W IARE B2, i RE T REZE U 20 i 4
Fi. 37°C. 5%CO, % 5H 48 h,

i 2 D REEE PR (AT MTT R, 115509
BEAHR . THAEEARORE (ECs) . FEEE
WRE (TCs,) VWLIRITHa%L (T1). BELE 3 IR,
SRR (%) = (WA A H— WXt

WA A8 / (IEH YO0 BRZE P34 4 15—
FEXT TRZHSES A {H) X 100%, TI = TCs/ECsyo

1.1.7 %&it#r >R GraphPad Prism K {FiE4T
£S5 e 2 TN (8l R A S E DS S R NS b
T3 2T LU AR I A E . SEgR 2 SR LAY
fH + bpifE2E (X+s) FoR, P <005 FRERA
giite e .

1.2 WL h#E %

1.2.0 18 J A S A A9 R B 3l 3t TCMSPH
(https: //tcmspw.com/tcmsp.php ). PharmMapper''"
( https: //lilab.ecust.edu.cn/pharmmapper/index.php )
K SwissTargetPrediction!"” ( https: //www.swisstar-
getprediction.ch/ ) K4 G 24 B H A9/ HTHE 5
HIFH UniProt™ (https: //www.uniprot.org/ ) $4k %2
WS s A PR A B I SR B AR R T 25
i, Jf1E Cytoscape'” (https: //cytoscape.org/) %X
PR T T IARAL R, R PPIIIZS IR,

122 RVISERLGRONSE i oMIM™ (hetp: //
omim.org/ ). DisGeNET"” (https: //www.disgenet.
org/ ) 1 GeneCards"” (https: //www.genecards.org/ )
AR EA R RV, &IF£H, AR
STRING" (https: //cn.string-db.org/ ) B+, 3k
7 RV IR AL

1.2.3 B AFIRYT RV IS4 S (RIETEIR T
B L dEE Venny2.1 Chttps: //bioinfogp.
cnb.csic.es/tools/venny/index.html ) 3 75 £ fz 4
H5RV Y AN,  H 5 A STRING %k 47
e, A — RS EERCR, REHTA
Cytoscape B g th i A7 ] AL 3B -

1.2.4 B H AT KEGG &4E01T X3
SEHEIN [z — R B A 5l it 4T KEGG & 42701t
EMA(EF 5 (https: //www.bioinformatics.com.
cn/) THAYEE LT ME], IFLE Cytoscape 3
P g H bn s

1.2.5 PN - BE” MRt o  SCkds
i, X KEGG i ¢ #1753 1, FFIH Cytoscape
BRERE R - M, RIS TP RV
(AU RH DG IE . A5
1.3 2 Fx#ERIE

Sy it — 20 ) B T e A L AR I, R
B 5 OGN AT o P . HI R E A
& 2t ¥y ok A F PDB" (https: //www.rcsb.org/)
B . A PyMOL™ Al AutoDock™" #4 4 2%
K, MR T M R A R R EC AR, IR H AR A A
M PubChem"™ ( https: //www.ncbi.nlm.nih.gov/
pecompound/ ) FHE 5 H T £ 2D 544, Il
Chemdraw 2 il e /IMERS J2 H I RE =, SR S5 K H:
Jin#k 2| AutoDock # 4+, IR BINE A 0485
B TR IR s A e
1.4 RT-qPCR £ Il 40 L # PIK3CA. Akt] mRNA
ty & 3k

MA104 41 il &9 & RNA Jf] TRIzol #2 B¢, i
E RNA MR B, RS {0 390 5% S5 ) 608 RNA
W5 SR cDNA, #4758 i) 2¢O 2 & PCR. LA
GAPDH N NZ, W FLRAX EIBENITTE T
HERAR 2722 BIMIESIINGE 1 i,
1.5 Western blot # M| 28 s & PI3K ., Akt & & Y
F kAT

PEEANIER B 1, FH BCA IRIE B IR .
Pk 12% SDS-PAGE #EE EAEJSIFAEATHLTK . FE 5
H], 5—Pi f-Actin (1 : 1000), PI3K (1 :1000).,
p-PI3K (1 :1000)., Akt (1 : 5000). p-Akt (1 : 1000)
1E4°C WFEER; WHM TBSTHRA 3 IR, — W=
IRIEE 1h; RS, H TBSTUERE 3 Wn, kT
e R Image J AR &K (A
2 H#ER
2.1 B HFERINL RV L
211 JREEEFSYH WKL PUR, EEM
MA104 40 AE B R T WSS R AR TE ol AN B )
B, dMMEeERE L, AnBf e HES K 2 RV &
Y MA104 40, B N AR B0 & A 2s ik,
TR AR, ABKAET, KE 4T R
Jrp, X4 CPE M+ + +~++ + + B ESR 2,
LU P T P
2.1.2 JREEEENE MRS Reed-Muench A1
A RV By TCIDs, }9 10~ *4/100 pL.
2.1.3 BEHXIARAMLG Y e Ee BT
X} Caco-2. MA104 ()40 il 75 PR FH an &l 2 s .
SRR, AR E 3.125 ~ 50 pmol + L™
PIR PR R, NS R E] 95%.
214 BRFEARYRAR P RVIER —#
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®1 5lMF5
Tab 1 Primer sequences
e AE) ERG Y EAREILY]
GAPDH CATGACCACAGTCCACGCCATC GATGACCTTGCCCACAGCCTTG
PIK3CA CGGTGACTGTGTGGGACTTATTGAG ATGTAGAGTGTGGCTGTTGAACTGC
Aktl CATCACACCACCTGACCAAGACG CCGCCTCTCCATCCCTCCAAG

B 1 RV-Wa BRERS MA104 4iHL A2 5

Fig1 Lesions of MA104 cells infected with RV-Wa strain

A. IE % MA104 il Jfi (normal MA104 cells ) ; B. Wa £k /&% 4% J5 iy
MA104 4iififi ( MA104 cells after infection with Wa strain )

K2 81X Caco-2, MA104 AINEAYE1E
Fig2 Toxicity of hesperidin to Caco-2 and MA104 cells

1 (Note ) : GRFHAL #E, P < 0.05, “"P < 0.0001 ( Compared
with the control group, P << 0.05, ~ P < 0.0001).

NN THE= 2, WEZA YR BEENE, THE= 4,
HPURERARAFFME P SR 3,

FH L SA TN, R R 4% 24 Wk P 2E 90 27 0
ML, SHEEREELYHM L, 2551
S, RSB TCHT RV I FHEA

& 3B AT, B R 45 25 W AR RE A ) R
TR EEREESYA, ZFA%IT¥*E
S, FERARE R 0 BRI RV VEH .

f P 3C AT, 7E RV UL 1Y Caco-2 4i A
AL, YR 2 R 10 pmol < L AT,
G 7 0 R e, A E T 59.48%, TIN 15.92;
TE RV EGL ) MA104 AAER |- & 258400 7
PR & TR 25 4H, TI A 14.64,
LR B BB RV W8 A
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&3 BRI RHL RV AEH
Fig3 Anti-RV effect of hesperidin
A Hi RV I B (inhibition of RV attachment ) ; B. £ #2 I i RV ( direct
inhibition of RV ) ; C.HT RV 4414 i (inhibition of RV replication )

& (Note) : SRIEHMLGLALE, TP <0001, 7P < 00001
( Compared with the ribavirin group, ~ P < 0.001, P < 0.0001 ).

22 W HFFER

FE TCMSP %5 4l 2 vh 48 2 08 K2 11, 8 X bz
# A3 f5 A UniProt 20 98 %2, JF i H] Swiss Target
Prediction A1 PharmMapper £ 3 % % #0 45 15 B 47
#hoe, MIBRZE, JLGEES 361 N2 .

fdi JH GeneCards. OMIM 7l DisGeNET %{ 4/
JELL “Rotavirus” KAV TR, FHEFIR
FRPHHE AT 445 1

FIIF Venny2.1 844, B8 iz 05 5 RV
FAHAE, 153 38 AR A, Al e AR AT IR
7 RV (1 76 CHEHE . F] ] Metascape X & B
AR R 0 S 95T KEGG & #0871, 45 RN,
X 38 AR S S5 T 120 il . L AR
B E s £ 7E TNF, PI3K-Akt, IL-17. FOXO,
Toll FEZ ARG5Sl i Lo b T i — Ui i S fg
KEGG i -5 AH R AR 5 2 [ O 2R, M4 PAEAY
TN - EE” B, A 4 PR
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[ 4 B RCHHE A -
Fig4 Hesperidin target-pathway network

TE: BT -RV IR IS @Y RN, Sl SR G RN .

Note: The target genes of hesperidine-RV are shown as an orange nodes, and the pathways are marked with green nodes.

23 T AtE
FIH AutoDock 4, # 5 MZOFLE 518
R FRHE, S5AREX/NF— 45.6 kIemol ',

5 B RCHHEA - BUE 00 TRHES R R B
Fig5 Molecular docking diagram of hesperidin target-target protein

2.4 RT-qPCR # | 48 i, o PIK3CA. Akt] mRNA
ty % 3k

FR 4 W 28 25 B2 T TR s 1, e (E
b3 B R A TSI IR, A5 AR A 6 TR,
PIK3CA Fll Akt1 ) mRNA 2 ik 78 & L RV 5
ETR R, MRS YN R PIK3CA M Aktl

gEIL LI S| F22, RO AT 5HE A4S AT,
Hid, #7455 PIK3CA 45468 F1 ik, Tl RE 2
B F7 FEIGYT RV [ 50 5,

mRNA [k,
2.5 Western blot # | 28 i & PI3K. Akt & A &
ik AF

5xF R s, RV 1A, p-PI3K, p-Akt
EARB R TR, S8R RE, SR
Frfe LM EAFREE, MEM PIBK. Akt
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R2 BEESXEELAHRER
Tab 2 Docking results of hesperidin with key targets

YRy ZEAfE/ (K e mol ')
PIK3CA — 456
Aktl — 40.6
1L2 — 39.7
JAK3 — 38.1
EGFR — 36.8

6 RN PIK3CA Aktl FEPIRVER
Fig 6 Effect of hesperidin on PIK3CA and Akt! genes

1 (Note ) : GHIHIL LA, P <005, P < 0.0001 ( Compared
with the model group, P < 0.05, P < 0.0001).

PR AAE L, FREHAE R AT RES PI3K/Akt i i 1)
BRI R U o, 45 R ILE 7,

&7 AR PIBK/Akt {553 B AR 1 2R 13
Fig 7 Effect of hesperidin on the protein expression of PI3K/Akt
signaling pathway

7 (Note) : SHUEIZ LA, P <0.05, "P<0.01 (Compared
with the model group, P < 0.05, “P < 0.01),

3 it

RV 22240 JLRETE i 3 B Ak, &R AL
A BFIE M AR, WA E 4200 B A 302
Py BRI, TR BUBT OB RV 254 oA
(p=9YaN
31 ZHF RV HEHRH G
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H B RV &SP R L 1Y 25 s 8 & Caco-2 Al
MA104 5 %40/, Caco-2 4UMETELSHATNGE 5
AN b R npa AR, nlIE R 24N, R RV
X MA104 402 P I8, RV & il K- B2,
Wa #J& RV WF58 i WA bk 27, HATR5RAY
B SRR AR ENE Y, BORSEE R T RV-Wa
FRIEGE Caco-2. MA104 T Ff 41 i AL 700 YEATHIF 5 .
MTT 255 7w, BT EA P RV W& e,
Joht RV WA E M6 RV VERL
3.2 # A RV 1E R ALE oA

AT FEH FH 2% 2 Bl e, SRISAE 24
1 5 RV AL [R5 38 A4S, b HEpEA 7 B (B 07 ik,
% ¥E H PIK3CA. CASP3. EGFR. FNI1. IL2 %
KRS, XS S 52NN, IR .
e SN LA K A 5 AR 1=, KEGG & 20 Hr
FEOARE B B9 BT RV A/E I AT RE S5 TNF ., PI3K/Akt,
IL-17, FOXO. Toll F£Z &% £ 55 5 A XK.
TR R BN S 5 MRS A
SRAZE GRS, Horh 5 PIK3CA 45 & REf . 1l
fiE A KRR TR 5, FE R 28 25 20, PIBKY
Akt (558 BOEBR T e A S B LN B A
3 B SR 2 s, Ers i 2R EoEd
R E SR, URapEEss . AR, T
BRI S RAE SN 55, — S PR % PI3K 5
Wik Akt S 5 — R IR B YR P iFgT R,
B L TEHR 2xil i iE PI3K-Akt {5538 BSR4 F
HAEH, W57 B3 (CVB3) R S8
I 1 PBK A Akt B R 1k, FH LY294002 i& 97
L ILA AR fE AT B B 0 CVB3 5551 PI3K AT Akt
R AL, MR S E R N P BT, ARG
S BAE RV YL R AT A AR DR B
SR, P AT PL RVAER 26 5% B A Kb
BRI I, ARSZEERT PI3K/Akt
{5 538 %, M RT-gPCR F1 Western blot ¥ J7 T
TTHRTE. S5 R, BT &k AT
PIK3CA. Akl FER A, - H B L4
p-PI3K., p-Akt & i AU 35, BOfED HpT RV 1E
HTTRES PIBK/Akt {553 B A

PI3K/Akt {55530 [ 7F X 2% 245 B2 B vp o i
TR, (HAHESE HhF A4 K 22 500 AT
SCESEOE ., HAE T 1 AR TE 2B AL FE Ay
WA w4, A RE R RV B M & L] 1%
BTSRRI 1) UL F
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A RR A B H FIRY IS H B

R, HEWN, BER, R, ETH, B85, BTHR, 9F usrhEsiies mzis, Jox
102488 )

WE. BRY @ RoME B E RN R K I & A e g A e E R A e R il 2 R
Fik KRB ARk, @i HPLC FHn 2 B X B AP A&, #T4RKR. BB
F 8RR AR AE, JFaEdAaM A Tk &I S S AT R B B AR R 7 I e AR R
o ER BRI A PRAAERsGEEHRA T, RERREAEEZF, AAAE A EIHE
ik FIREA>K A, AANEFEONERE TARRARZ My dEAELF, &FFED
ot B H SRS BT, RET R0 R AR BRI AER AN, KREMNS
KR Z A Ay AR, GBI BB K BRG] A B R a0 R SNE R BT, R AL SR AR R 08
BEARAE—T L7, 12L& FZ R 6975 A Ty e BRI L ACh AR,

KEEIR . AL BEAREN; AR AMET

FES5ES: R284.1 XEkFRIRED: A XEHS: 1672-2981(2023)06-1516-05
doi:10.7539/j.issn.1672-2981.2023.06.019

Evaluation of dissolution of synovitis solid formulations

LI Hua-hua, HUANG Jia-yi, PENG Zi-wei, SONG Yang, YUAN Zi-yu, DOU Min-hang, DU Shou-
ying', BAI Jie" (School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing
102488)

Abstract: Objective To evaluate the dissolution characteristics and composition dissolution
differences of synovitis capsules and tablets by in vitro dissolution test. Methods Small cup method
was used for the dissolution of eight indicator components, such as salvinorin, neochlorogenic
acid and salvianolic acid B. The solid formulations of synovitis was determined by HPLC, and the
similarity of the dissolution of different solid formulations was evaluated by the similarity factor
method and fingerprinting. Results The dissolution of the index components in all formulations
was complete, but the dissolution rates varied. The dissolution rates of capsules were higher than
those of tablets from the perspective of dosage forms. The similarity factor analysis showed that
the dissolution rates of the different dosage forms varied. The holistic analysis of fingerprints of the
dissolved samples of each formulation showed that the fingerprints of dissolved tablets from different
manufacturers were more similar, and between capsules and tablets were also similar. Conclusion
The in vitro dissolution of each component of synovitis solid formulations is good, with difference in
the dissolution characteristics of the indicator components of different dosage forms. The dissolution
between the formulations is similar in terms of the overall nature of compound components.

Key words: synovitis solid preparation; dissolution; similarity factor

MR T S N LI O SR EIGS PRl NS P22 PRS0 S DA 5 5 13
QLB BIF 2T, RO EME . Lot WL, HATMFINR . I5mE s r ok,
FooMERE B PO, BT, RIRE L 22 TIRMARHL . BnFHLs U, L Bk

EETA: ERARBFESTH (No.81603306) 5 H1 sk @i AR L1 ( No.2020-JYB-ZDGG-031).

EB RN : 2400, &, M A, EENF RS H AR fEM5E, email: lihuahua20160907@163.com ~ BIE1EE
MAPE, Lo, 2%, TENFRLGHAR S IR AIPIGE, email: dushouying@263.net; F%E, %, BIHFE, FEMNF P 2hE)
TS AR ITRRIITSY, email: baijie22811@163.com
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A6 T IR S ARG Ry T U2 A 45 T I R
B0/ EHE ) B = AR L, 2404 Sk YR KA [R] 541
BRI AET= T2 ARIRI S22 5, B RHIFI N2
YA, AR, HASRFRAG HaE 'k,
LR R T, AFEFIE ARSNGB T SR
225, IFmARIAIERIT R ZESR, WA BE
TIFFE AN 75 20 1 S & il 50 Ay i e 2 5 B

R SR A VA R AR O SOOI SR e
FUFNALAC By 700 (A 22 5o e g 7 T I R
B/ ARSI R ik, BRIV [R]5R R
FEE 58 AT A AR s Rt . AErh 2l H
DTl s s BRI, 2R AR I ikt Ay
AN TR ARG AU, X s AT
RS WIER I RA AL, Hr &
OB AR, RGP BE B P BRI A
AN, W AR A A A 2 AR AT X E
AT B AR E RPNy . Fe SR PR R ] K
IRMERAE h 2y s A T R 2= A G B AR
WEFTAERTIAI 9T O FERN L, BHAS T I ARS8 550
WIS, SR FILRE .. s, fri
VT SFE N 17 ANFRRIE RSy . 7 Z2 Uil 57 45
g IR L, A RCRUNE R, B
TS A s R P A R 2ZE TSR
B ORaR R . JRLASEE . SRR . FRERER |
MNHERR . RIEFIR . PHEYER B AE M 48 br ko,
TR AR o3 B AT A S il 70 45 2 o9 1
PRRRIE L X610 2R 3l 5] A R A TR 9T,
T 4% a1 35 %) S5 DA T 5 R R R FH S B 1t
2%,

1 ##l
1.1 L

ZRS-8G FHeH B (REARS # 1
B A FR 2N ] ) ; Thermo Scientific Dionex Utimate
3000 1= RCRAR LAY [ 145 DAD kil ey, CM7.2
gk TR, FERRCH/REHYE OhED ARAF .
1.2 R%

TR (7] A, A5 :2010271, HiAS .
0.5¢g/%i); WK A (AW B, #it'5: 200632,
A& 0.5¢g/ B 2w C, LS. 20200702, KA -
0.6 g/ A;/AH D, lt%5:201102, #Hik%:0.6 g/ F ).
SRS R (S 110855-201925, & i
98.9% ). JBEJLASHE (HIt5:110810-201909, i
99.6% ). ZRJEIR (LS. 110753-202018, % & :
96.1% ). WMHERR (LS. 110885-201703, 5 & .
99.7% ). #iEF/FR (5. 111871-202007, %
B 98.1%). PR B (5 111562-201917,
i 96.6% ) (T HEE M2 REMREE) 5 Bk

JlR (#t5 . P20A11L121936). FaZtliimg (5.
P16A10U95423 (HPLC = 98%, | i 5 it A= 4y
BHEARAT ). LHE. B8 (Fisher, i%4) ;
7K (UM EEmS I A A FRAE] ) o
2 AESER
2.1 BiEAE

SHESE : Xselect HSS T3 (250 mm X 4.6 mm,
5um) R, WA NG -0.1% BERRIA IR,
JEVEBIFER L2 1, Wi 1 mL » min~ ', K9% K
4280 nm (S}, FILAEE). 287 nm (JHH
R B). 327 nm CHr&tJRiR ., L85, FRak AR
DINMERR . HRIEFERR ), A 30°C, PEFEARL 30 uL.

RGP 287nm,  HAR S5 [F)
R R I G R
*x1 BEBHERF
Tab 1 Elution procedure

[ [E] /min i

0~3 2%

3~12 2% ~ 10%
12~19 10% ~ 12%
19 ~ 28 12% ~ 14%
28 ~ 36 14% ~ 17%
36 ~ 42 17% ~ 19%
42 ~ 72 19% ~ 23%
72 ~ 82 23% ~ 25%
82 ~ 100 25% ~ 35%

2.2 VAL
221 XREGEW B EIS KRR S R,
ERIERR . JRILASHE . SEJRIR . BRak IR . minnE
R, KEFR. FFEER B X IR SEE, N 75%
2 ) B 5 P2 E A0 0.2234 mg e mL ' B
ok i B2 0.0339 mg e mL™ ', i JL &% £ 0.0306
mg e mL™ ', ZEJREEZ 0.0289 mg e mL ™', FR &k JE
12 0.0464 mg « mL~ ', WIMERZ 0.0493 mg * mL™ ',
% R 0.0329 mg » mL~ ', F} ) iZ B 0.0360
mg * mL~ ' TR AN IR A T

222 FEiEMS AR NEE 2% ChEZ
HL) (2020 R ) MR ICRE / IR Ok, T
RICEEINEY), FEERE 0.5 g IR F BRI
JEAC, BIFEH, KEBFRE 0.5¢ (AT B) /0.6 g (/A
C; AWl D) ], BHEHIE S, BEMA 75%
HEE 25 mL, %%, oo dEE, @ma (%
250 W, % 40 kHz ) 20 min, B, 504, FR
AEH T, H 75% WEANEER M E R, Y], B
BC10 mLIER E B0 F, 10000 » min ' & O
10 min, B 3G 0.22 pm AR, BIfSE.

223 FEHIE LS E s b EZ
ML) (2020 AR ) DU HH 255 RE IR A v
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PRI e B R P38 Wb S K VRS A 5
AT A AR (15+2) mm. 45 H
200 mL /KBTI HAR, WE (37£0.5) C, M
75t emin |, FERISEAZET, BURHET 3 kiok
R 3 Al 6 A AR, TOE Y E]
A5, 100 15, 20, 30, 60, 120, 180 min 4y %
HOFE 1 mL ([R)iS7 BPARFEAS AT 1 mL ), Sz Ep
F0.45 pm fFLIEREIE R, EDAS. BbsAb, pbfitik
Pl VAV V) s FH 3t R (R 48 S P 3 A T
23 BHMEFEFLEE
231 ZMEXRHR  IEERBSTIS RN Biak]E
M. LA . SRIRRR . BRsrlsme . MMERR . 2ki%k
R . FPHBER B XIS E i, # “2.2.17 TR Ak
Ay IC I S PSR AN 2.0694 mg e mL ™', Bk
fiz 1.9533mg » mL ™', JFJLASHE 1.9890 mg » mL™ ',
o JF B2 18797 mgemL ', B & JR R 1.9306
mg e mL ™', MIMEAR 2.0528 mg « mL~ ', K EFR
22279 mg e mL ™', FFEIER B 1.9533 mg e mL ™' 1Y
XTHR BRI K% B RGE T 10 mL &), &
Bz Ci <o s 1 1| e e R 71D G B o O
“207 TN GG AAIERE, DARL oW T R MR
JESA TN, S5 a15E 2 Fs .

F2 BMEREE

Tab 2 Linear relationship examination

by EYEpyE ro ERMEVERE / (mgemL ")

FFEE y=12644x + 0.0615 0.9998 0.0008 ~ 0.4139
HERERE v = 543.39x — 0.0196  0.9999 0.0009 ~ 0.0551
FILERE vy = 794.71x — 0.1310  0.9997 0.0008 ~ 0.6421
LEJERR y = 561.13x — 0.0190  0.9999 0.0008 ~ 0.0470
FRERIFER  y = 349.23x — 0.0046  0.9997 0.0008 ~ 0.0772
WiMERR  y = 931.55x + 0.0076  0.9999 0.0008 ~ 0.0821
HIEFRR y = 514.36x + 0.1274 09999 0.0008 ~ 0.4556
FHIBER By = 225.37x + 0.0968  0.9999 0.0008 ~ 0.3907

232 LEtE o RlEEs (A . R
A N R, SEREI G, SR A XTI
A DO T S S b T D1 = T RS RN
X R T, ST E B R
b, UL 1.
233 WEE., BEMNE. Bett O BEE. i
TR R A R A S R 6 Ik @ TR
BT S 48 ) 50 75 AR O 6 4 A il ERE ;. B RRE
PR B0 A IR RS, 0 B AR i i £ 58
W0, 2. 4. 6. 12, 24 hgekEbr. 45R LI
W T RIS, RSD Y/NTF 3%, R MHLES R 2%
B TR EE M R, FERTE 24 h NERAE .
24 HAHEBSELEETEFER

O KGR 43 3 BOAS [ 9 S 8 il )3 R i
HEEEERE 6 . @ HE M 43 HUR —HE O]
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&1 280 nm. 287 nm, 327 nm NFHAEA . TG X HREL AR M 25
s A o i (B3 LA

Fig 1 Comparison of the plots of dissolved samples, mixed control
solutions and blank dissolution media at 280 nm, 287 nm and 327 nm
S1. %5 A 1A Bt (blank dissolution media ) 5 S2. G X B il iR W
( mixed control solutions ) ; S3 ~ S6. F£ff (sample ) ; 1. FF5Z (sal-
icin ) ;2. B4R JER ( neochlorogenic acid ) ;3. J/LJLASTEE ( protocatechuic
aldehyd ) ; 4. 25 ( chlorogenic acid ) ; 5. B2 JF R ( cryptophyl-
logenic acid ) ; 6. Ml HE fR ( caffeic acid ) ; 7. 3% % 7 B2 ( rosmarinic
acid ) ; 8. S} 2 B ( salvianolic acid B )

TR R AR A 6 Iy dERE AT, B R Ik
3 BAS [ T R A AR, FHIFES 0. 2.
4. 8, 12, 24 hilb R oA, UL BB A FF o 35 4%
“2.17 WUR A RE S, A3 Rl s sE T
LR . EREM . RUE S RAALE, K4
SARRLE K TF 0.900, FIALES G HEE . 7
REEVEYIRAF, FEATE 24 h NERRE
25 BEHATHNHR

3 “2.2.27 TT 45 il 50 0 3 SRR A
“2.17 WiF g AR R e, Hean TR A
A B FE AR PR RS 1 SRR R BB E
AR, BRI 43R - BRI gk B,
GERNEL 3 2,

BB HE (0,) =200XC, +Xi-' CX1

ZREHER (%) = 0,/M,X100%

O, N n A2 IR EE; CoNER i
G<n— 1 DHEESINAEBE R 259 5 =
WeRs s M, 2HIFH b S A 2 &
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P2 O [RIFR B S AE [E fARA0) h A5 AT BE HIIER (n = 6)

Fig2 Dissolution curves of each component in different dosage forms of synovitis solid formulations ( n = 6)
A FFBZE (salicin) ; B. #i£t)5ER ( neochlorogenic acid ) ; C. J5LJLASHEE ( protocatechuic aldehyd ) ; D. £¢J5ifiZ ( chlorogenic acid ) ; E. BRZgJfR
(cryptophyllogenic acid ) ; F. MIMEER ( caffeic acid ) ; G. £ZEFFER (rosmarinic acid ) ; H. FFH#2 B ( salvianolic acid B )

®3 BHIFHIERERS BREHE

Tab 3 Cumulative dissolution of indicator components for each formulation

il 551 ME#E kg RJLASEE SRR B i i Uiz LR FHE R B
I ) A JE#E (mg/3 KL 543+0.12  0.43%£0.01 053+0.01 044+0.01 0.64+0.01 0.83%+0.02 245+0.12 4.86+0.19
2vF) B R (mg/3 fr) 33740.09 0412001  024+0.00 0514001 0644002 0.18+20.00 0.79+0.04 4.04%0.15
vH] € Rl (mg/3 Fr) 5574014 0302001  049+0.01 036+0.00 0.5720.00 025+0.01 1.07+0.04  4.09+0.09
vdl D 7l (mg/3 ) 7514034  030+£0.01  0.56+0.03 0.34+0.01 0.50%£0.03 041+£0.02 3.11%+0.11  4.93+0.21

R 8 MR E R FERE I I AR, BRA
A C R AP RE AR sh, HAb 74
JRM IR L B g o LB T SRR A e
> C RI>2 D A5 >0w] B A, i
BT R, IR S AR e 4

A E 180 min WREHUYE N 5E 4. A,
R 60 min 2% i 57 #9375 HH 8 22 5 BK, AT 30 min
JER W, 33K 5 % i 70 B4 Ak I BRAH OG . 4% 57
TR AN 2 Ah, Lt 4 5 b LR
B FRggt B RS IR B, A F] C R 4R
PR FNFRERIER , 23w D 50 h A Bk B R A

12, HATrTAE 5 min NITHRTEH .
2.6 HMMETFETNESY# %

R f B £ VEVPAN 4 T B 500 L it

LRIHIL B 22 520k 7%, o 4 i B 500 AR 75
MZ AT PIRE Eeas, TR 8 ST bRt
TR £ AME, SRR 4, AT

fi={[Z!-/ R, — TJV[Zi- R]} X100

£=7501g{[1 + 1/nZ/-, (R,—T,)*] **X100}

n K BURERS 18] A8, R, NS HORE S AE ¢ I
ZIR s B, T, sl ge e fh A ¢ B 20 0 i o
Ho —BBEMT, <1580 =500, ZikFe
i 52 R WA T ARRL,  RTIAC PR 2% it
gk HAMMINE, 450 AR A REESF C FFI
T £ AE BRI MERR 2 A 7 S FE AR R 22 8]
HAMPIME; A7 B AFISA R D 7 il
AE T A FEAR R 2 [ AT AR 5 A i 551)
R HH HR 2 P T 22 B AN ELA AR

R4 AMBEXHIF R 8 MERER S B HBEN £, £ E

Tab 4 f; and f, values of the dissolution curves of the eight indicator ingredients in the 4 synovitis formulations

HER Bk UL

LR sk ltig WHERR LR FHGR B

Z Il R

h S h ) h LS

ho ) ho ho ) ho ho )

46.39 33.51 51.25 31.39 51.14 30.93
12.53 5497 11.62 63.48 16.59 56.32
36.66 38.43 43.20 34.92 43.99 34.45
48.30 29.31 46.84 32.40 44.69 37.34
39.62 32.58 38.96 35.67 31.55 42.54
14.51 64.57 13.22 69.43 19.21 62.95

NEIDN e /IR il
AT CHA
ZNFE D R
N B F
2AH D A
el B

O C A

T D K

53.24 29.48 54.35 30.11 50.35 31.70 61.17 27.99 61.69 32.32
8.87 64.77 9.64 62.62 22.83 49.68 13.29 60.70 15.42 59.38
49.31 31.04 4521 33.69 49.03 31.66 5546 30.16 51.42 36.28
52.86 29.40 54.27 29.50 34.64 43.72 56.74 31.82 66.04 27.72
48.89 30.41 45.11 3230 36.96 42.60 48.48 3425 56.42 30.81
1594 68.89 18.03 65.54 16.66 68.09 16.02 73.72 22.07 70.05

2.7 5 SUE R AT
FEW BRI AR SR, SEEIA 20 MRFAE

I, 251157 180 min 145 HH FE i 1Y 48 20K DL IE 3,
TS EM . FrekimR . EILASEE . SRR .

1519



Central South Pharmacy. June 2023, Vol. 21 No. 6

T 222 2023 4F 6 H 55 21 % 45 6 1)

PRok AR . MERR . RIEERR . PHER B 1E A48
BRIy, X5 R0 H AR i 0 5 SC R E A T A
RURE HEBE,  FEVTANAS ] W AR 5& 1h 7903 8 A AR AL
T R 5 451350 Hh B 043 7F 180 min N RSN
Jpsids, P, ¥ 180 min 34 HURE S HE SC R L
“odf” AT A (P i RE SRS E TN R
i) (2012A ), HEATApSIEICEL, THEARRUE, A~
[ A0 AR R 8t R i ) 6 0 PR T AR L
B, AR S, AR R FE AR LU
TR A AL AN [R) 751 260 58 48 (461 4 1 350 3 A
FIFE SIS FILEE Hege, 25U 6. BEBER 5 A
FvE AR AL B FE SCRITE B AR, 1a B A ] 57 7Y
T PR [ AR SR HH R i R 8 SR 25 S /N

3 IS 5] 180 min ¥ AR S A HE S0 %

Fig3 Fingerprints of 180 min dissolved samples of each formulation
S1.AF] A BR#E5) ( company A capsule ) 5 S2. 4 H B F5 ( company
B tablet) ; S3.7% # C A 5 (company C tablet ) ; S4. 2% # D H 7l
( company D tablet )

x5 BEXRRE (REXR) BHEREESEIEBEMUELR
Tab 5 Similarity of fingerprint profiles of dissolved samples of

synovitis tablets (different manufacturers)

NF BRI AR CHA AR DRF WREEE
3d B A 1.00 0.935 0.870 0.906
2H C R 0.935 1.00 0.847 0.883
Nl D R 0.870 0.847 1.00 0.974
Xof B i 0.906 0.883 0.974 1.00

Fo6 REXRBIF (REFE) FHERIESEIZEMELE
Tab 6 Fingerprint similarity of dissolved samples of synovitis

formulations (different dosage forms)

JE &) bamiil
JRe 1.00 0.923
J A 0.923 1.00

3 e

S IR BRME R M LA R
BORRIZTAG AL ), MO sty
AR HIR BRI L2 4 b i i ]
FHASAFEE G, TR 50 T APy
BRI T A 2%, ARBOMERHA
BRI R, 2 PR R ] L
BIBCH); U, ARIFIRIRRL T A2 g 2
U< R S
R s T RISIRRER . 3]
SR, BIARSEIURE SR, PO
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f, HALKE R 2900 h B e 2 1

ERA T AR A B 2R S i 2 e
BT 8 MMRIREM AT V. Sl A
ARLIA 7 AR AR I ) X U AN R T
R AT WR2ERE, AR R R A AR
K IANRIRIBL 2 (8] A AT R e A A 2 5, (HFR R
[ [ESPZ=S7 5 S o NS /AN (1 PO e L Bl 2T oy e
TG AE N BT A 25 20 53 R RS A T g
TR B A I INEa. BbFse rh it — a5 G
TR TR SN BT, A AL
S I R AR o8 R 00 ) 3 A T IS
ATLAE HH AR R B A A TC 22 5 . XTI
REATAA 1A T8 B9 22 S PERTREAR L 45 E B RY
ABMPEAR SRS ERL I AN RIS | AR R R
I AT 7R 78 R S T e 2 SR EOHAE R N A WA ]
JEZES, BEMOCR B P ROAF R 225, toy
AIFIHF R —E S P

SEXM

[11 " EZ5H 2020 4R . —376 [S]. 2020: 1768-1770.

[2] A, By, XTss, 4% . HPLC Wil A5 48 il 571
PP S TR R AR T O R 0] P E 25T, 2020,
37(2): 111-114.

[3] HEZ5 2020 4EHR . POF [S]. 2020 132.

(4] TR 2225 v Wl B TRY . s G T4 o ) v o R
B ¥ R 48 S J5 ) [EB/OL]. (2015-02-05) [2022-03-20].
https://www.nmpa.gov.cn/directorg/web/nmpa/xxgk/ggtg/qtg-
gtg/2015020512000/100.html.

[S] Gy, 223C. AN GRERTRRFRIme S F ) K e 3 7005 v
B A [0, R EZG00, 2015, 18 (10): 1813-1817.

[6] XUErE, ZBAREE, #HdE, % . JEfnlft A X4 HH
BRI 3 e e 57 R s Hh MG AR U IEA (0] TR IR 2 Tl
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E TR IETHFIR 2K S 6 T IER
MK RERT R

BEE, 2R TEE FE EEAET (L BRITREL I, BRE 1500005 2. BRI EL ALK
IR —EEBE, FA/RIE  150000)

BE. 4T 2 — MR GIR IR A Tt T, 234552 400 N Ig R &R A R
5T KOR, BTRAM, RIESOITBRESHRILTH A B WL, ST RAT G
B AETARA, BTG A R A R R e TR, R — 093 A T R A BRALF T
IR ARAF B TR 608 T AR . R ITVRAB R BT L A8 T EXFS L AR T Bk
PR, SR A R B R A B e S AR T RE T AR, RE R AR B aaE
W Ae T mietes il B BKE A FE T @BAT T RKREE . AR TR TR
BREATT . RF IR RIITERF SRR T MR B AR AR R R RATT S5k,
KR T Mg RHEK; SZEXIFEESERH

RESES: R43 MERFRIRED: A XEHS: 1672-2981(2023)06-1521-08
doi:10.7539/j.issn.1672-2981.2023.06.020

Research progress in nano drug delivery system for multimodal therapy for
tumor based on ferroptosis mechanism

KAN Yu-ping', LI Shi-zhuang', WANG Xue-ying’, SU Hui', YAN Xue-ying' (1.Heilongjiang
University of Traditional Chinese Medicine, Harbin 150000; 2.The First Affiliated Hospital of
Heilongjiang University of Traditional Chinese Medicine, Harbin 150000)

Abstract: Ferroptosis is a new type of iron-dependent non-apoptotic cell death, characterized by
the imbalance of intracellular lipid reactive oxygen species production and degradation. Studies
have shown that most tumor lesions are closely related to ferroptosis, which is an important hub
for regulating cancer treatment. Due to the limitation of tumor heterogeneity and certain specific
conditions, ferroptosis alone and chemotherapy fail to obtain the desired therapeutic effect. Recent
studies have made breakthroughs in the combined application of ferroptosis and multiple treatment
modalities. Moreover, advanced nanotechnology has opened up new avenues for iron supply and
drug delivery, especially in controlling drug stability, biodistribution, cell targeting, and drug release
kinetics.This paper reviewed the latest research progress in nano-drug delivery based on ferroptosis
mechanism combined with chemotherapy, optical therapy, immunotherapy and other multimodal
therapy for tumor.

Key words: ferroptosis; tumor; nanotechnology; multimodal therapy
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JERE R EREE —RBER U BT, BRI
TAIT BB LAY . BT AR REiG T o . HIEk
7 RIVE AN 2 25 S 80 250 &, o7 e
HELRY R  FEE , SRORE T I TR B RE
F A B G e st B S A B ) 1 e I PR L B4 1
L B, TS FE A A R T B iR T R
W LR AME GEIREIR T AR . BT R —Fhik
WA R IR A AL T 20, AR R IS PR
(reactive oxygen species, ROS) i FfI5 i1t A fk
PIRFER, IR, KRR SEIET- MRS
A PR OE 3, o b i e R s R L
TS ) g S e . 0 S B R AR (tumor
microenvironment, TME ) Wi GE J1. R U4F4H)
FAAPE R K A B R ) 45 ), s s 34k I &
B A g e TR SRR T AT

A5 S B0 — S g S DAL R 0 il PR A 28 4k
FRXT I e A4 B (A 2R AT T R Y A SR, {5
Je ¥R [ pS3 3 i M il SLCTALL 1 38 3k 1 A L fi
o P AR5 T P — S A R AR R T s AR
[ BRCAL #1562 (4 1 (BAPL) it Kiz #1k
77 sUREAR SLCTALL J& 3 F 1 19 H2Aub & 1ok
il SLC7A1L # A M. £ R AR JE (sorafenib,
SRF ) FFAE T, JH- 9 20 Jfd v i) B0 o S 4 i 72
(retinoblastoma, Rb) A&k =, FEHE 3G INZpr 14
ROS 1197 2 Aig BE AL N, PRI, B> Rb 23
JFF 96 40 B X R BT T 10 75 S A MY A T 4
Jos FH T AR A A RIPIR T 25 2 32 BN BB T 1 52

B 1 BIET S s B
Fig 1 Signaling pathway of ferroptosis
2 HRETHZFHLE
21 SRAH
B b e n] L S s AR R
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ma U BRI G AN R, BT iE S S
System Xc™ WA X Fal sk, kT
i 1 (ferroptosis suppressor protein 1, FSP1)
PR A T2 38 o JE LR AR R Q10 B Ak R
sty U s TS T A B HBR (glu-
tathione, GSH ) MY H i AL 4 ( glutathione
peroxidase 4, GPX4) i&fe. ik, #IET2 5
. EAR A A R DA G R 21

HEr, 36E & &My 5 I E &SR (Food
and Drug Administration, FDA ) &4t | —LL
AT 25U RPAEE . WA RELIE . R
TG ARIAYT U tbah, 28 FDAHEHER FH T I
R 1) TR o 2 SR AASE 298 DK S A K R /N ek 8 K S
LB E 52 AR 08 38 2 38 i 2k 25 BRI ROS 38 447 by
ARACIIEE AR, R B 9K B0k A] e A 1RYT
JRIE (RS T o AR ORI TR IE T ML 5 ALY
eI eIk 2R T IR 9 K sk 24
FRMECH BT i R T2
1 SRIET MR

BRAET LU—Fh itk . JE0E T e =0y
YpEEET, FARFS AT DR, AR AEIL AT
FALRG R 1Y, W R AR IITR ( polyunsat-
urated fatty acid, PUFAs ). #k. @ ILAR{CHf. GSH
FIAH R R B IZERS — 2 H R IR ( nicotinamide adenine
dinucleotide phosphate, NADPH ) 2§ Ak Z A= ¥4 i
o, FEAEAPURE R, AR, 25t
WA, p53. KRAS A PIUERIET-AE (ILIET 1),

R 5 PE 9 ROS Rl S8 AL B BE, M 5 B0k st
To. HRT, A WF5E A 25 g 40 e i Fe'
B, Al o g L B R B A2 1R (transferrin
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receptor 1, TFR1) #F AN, ZJ5iid 4
J& B F %5k (divalentmetaltransporter 1, DMT]1)
ol BT G AR LAY Fe TR H,0, KA SR
TS N 7742 Kt ROS Fil » OH, M A BRAET .
2.2 Jig Rt
5 3t S A ) o o B TB) BRI T Y e 2k

F1# U9, 1 PUFAs 25 it S by F2HpR 2 — .
U#%5 PUFA J& & UG5 556 R SRRy, (H
WA AR Il S L LB s e T 5 5. K
B A5 It 5 B8 A A S 4 (long-chain acyl-CoA syn-
thetase 4, ACSL4) T8 iiE B2 BRAE T MUsk M (1) ¢
S Z P ACSLA BEUS K5 4T A (coenzyme A,
CoA) IRINEHHEENG TR T, {2iF PUFA ¥4k i
o 75 ACSLA TEAL ST, ¥4 B4 I ot AH Bl I L 7%
fif 3 ( recombinant lysophosphatidylcholine acyltrans-
ferase 3, LPCAT3) i 2 1 Ik 347 A 05 1 W i
FI B NRIEAR GR AN R HE £ Bl % SR it %Ak
23 @AFBmARH

System Xc HHIIRENFE SLCTAT FIYH Y V&
SLC3A2 41, J&—Fh s SR L i i /1 s
X System Xc ™ il BE % 5 | 40 i N GSH Y 7H
¥&, R R AR, SRR T
1M GPX4 £} GSH a8 AL W il 1) ) 51, A2 gk At
T3E FE ) — A OGRS K . GPX4 1Y 25 Ky
TN A B RRBERT, ROS KEM R, K
ZFEIMMERIET I KA
2.4 KT TFALE B E A AR X 1 5 R B
241 pS3IAFIERIET.  pS3 & —Fh A R
THISER, REAS TS S 40 A A 0 BRI AN 4n e oA T Y,
i 5 0 A U S R . ps3 BE AT LA
SLCTA1 ¥65%, Wnlid i PTGS2. SATI. DPP4
SR BRI R 15 I A BT R AT ) Bl
2.4.2 KRAS/FEIET: KRAS AT DL i 14
£ HIF- 1o 71 HIF-20 83 R Ok 3 75 SRR A L a1
SRR 1 SZ R AR SR AR AT ROS A2 1l Ut
4h, KRAS 0] LABLTE Racl-NOX4 5515 5 LIk
% NADPH AL
243 AR PE BT B il iE (voltage-dependent
anion channel, VDAC ) /- FAEFET: VDAC Zfi
TLARARINERT ST, AR SR AR R
P2 BT 43 A 384 220, s VDAC )i
BV, BENSr A ROS, FEERAAMEIZELIE
16277 W ¢k = X YA€ G I 2 TR e e T
AR E R Mo B 22 R, 7R eEIR . ReF
IR A A& 1 GSH IR, 5 Bh A e H kit 42

LW ( glutathione peroxidase, GPX ) #Efp%A kit
SRS IR 1L A AL . R, PRIz ] L
W BRIE T & A . A WF5E & R Erastin 15 5 VDAC
FERA S 2R ARSI PT RE I ke T 22,
3 MABRARGATHRETHNHNSERXES
i=tid

TR Z T B, A T IR — R AE T
RITHRMG, Kby Tk ST IR ST
BRAET- AL 9 2R A IR T HoAT S8 B i AR
B, WP RSO A, SR sl B R
/DA ITSAR ) AT ERBE T ML TR ARESE
YK IR ) BRAE T B R AT 2 B TR
Gpdb e, SR, H RO TS T A 2B
TR IR 9 K 356 24 22 G ) OB AE 9 2t JR AR
g/l REANTE (DL 2), B, ARSCRHX—
TIPSR SR a3 DL ST IR ATRIT I
R BRYESA T T RGeELER
3.1 TRz T WA KSR S

124 M1k, WIFABSRIRIRT T 25 P e e AT
RO N 2 — BTS2 R 5
AT 255 mT L S 25 32 B 25 3 a6 AR e A
RO, SR 2R IR T AR I AN AR . R,
PR A 7 I BN BRI 7 I — a3

R (WHRZEILAE, DOX) &% bt
gty 25 2 —, EPERAENS T I GPX4P
[k, I H a4 = A H,0, BLR R 25 5 5 .
SR, iR 40 B R HLO, AN 2 R R GSHIBR il 1
IS I MR MR R FE TS I RCR . M I, Yang
25 B Fe® 3l 1k IR /I A vk i 28 B AS 1 i R
(Lipo ) MHNERI-5 =#iEERE R DOX —RAKH]
24 (DSSSD) J& i GSH #J& 1) LipoDSSSD. 7F
Jisgd 4 B, B Fe' T 5 ik ik 9 GSH
(=i 2t 2 W #€ GSH), F 2 GSH#E4
A Fe’ T R Fe' T, LY Fe' /e T AT LU
B3R Lipo B4 Ak, 5 S5 25000 s ny AF 4 v
BRFET:, HuRE, Fer Al LIgE—# 5 DOX 2
N, 7EA R HL0, i SR s 6 A - OH, i
SVUR R LI ERRAE T, A Ak A o T bR A0
H H,O, A EFITE GSH A8, teah, AR Py A
HNSZES BIIESE T LipoDSSSD AU KL ¥ 1 i 24 Y
fRI7 - BRAET- PRI PR R, R T h g
ARG R EME . XFEESIET AL AR
7 F— IR 9K 259 ] REAE AR N F TR, XiF
BRI T A 35 0 MUY, Xue %5 P IR T —Ffi i
AL JCE T RIRES (ACC) fu# Fe* © FI DOX
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2 SETERIET LI 2T YT

Fig2 Multimodal therapy based on ferroptosis mechanism

1 44 K 1] 7] ACC@DOX.Fe® ™ -CaSi-PAMAM-FA/
mPEG, 33X 4 2K Sl 371 T g Fof 9l 1l R 5 4 S 0
TR Fe’ T DOX, il ad BANBRAE TS AR T
P SR A0 AT T . BRI A, 2R A Ak
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Tab 1 Different treatment strategies combined to promote ferroptosis nano drug delivery system
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