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Therapeutic effect of Mabo Dahuang suppository on ulcerative colitis in
mice and related mechanism

GUO Zi-xia', ZHANG Nan’, XING Yuan’, Li Wei', ZHANG Dan-shen" (1. Department of
Pharmacy, Hebei North University, Zhangjiakou Hebei 075000; 2. Central Laboratory, Hebei Key
Laboratory of Brain Sciences and Psychiatric-Psychologic Diseases, The First Hospital of Hebei
Medical University, Shijiazhuang 050031; 3. Department of Neurology, Brain Aging and Cognitive
Neuroscience Laboratory of Hebei, The First Hospital of Hebei Medical University, Shijiazhuang
050031; 4. School of Chemical and Pharmaceutical Engineering, Hebei University of Science and
Technology, Shijiazhuang 050018)

Abstract: Objective To establish a mouse model of ulcerative colitis and determine the therapeutic
effect of Mabo Dahuang suppository on the model and its mechanism. Methods Ulcerative colitis
mouse model was induced by combining oxazolone with 2, 4, 6-trinitrobenzene sulfonic acid. The

ELWE: EFRARBFESTHEDH (No.82100863) 5 It F S i & -5 H A= 2565 (No.20372509D ) 5 lb 4y [ SARL2#
JE4: (No.H2020208032, No.H2020206105, No.H2020206643) ; 1L =252 RHIF RIS (No.2020268 ) .

&R BWTE, &, WEUsed, FENFRATAISE, email: 2389707795@qq.com BIEEE: KS1E, &, #H#%, Wt
WA S0, FEME PG PAIFSY, email: zhangds2011@126.com
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model mice were randomly divided into a model group, a sulfasalazine suppository group, a Mabo
suppository group, a Dahuang suppository group, and Mabo Dahuang suppository three dose groups
(5 mg-2.5 mg, 2.5 mg-1.25 mg, and 1.25 mg-0.625 mg). The mice fed normally served as the normal
control group. The mice were given suppository continuously for 14 days. The therapeutic effect of Mabo
Dahuang suppository on ulcerative colitis mice was evaluated with recorded disease activity index (DAI)
during the administration, scores of the colon mucosa damage index (CMDI), histopathological changes
of colon by HE staining, and the activity of myeloperoxidase (MPO) in the colon tissue. The serum IL-
18 and TL-6 levels were detected by ELISA. TNF-a protein expression in the colon was observed by
immunohistochemical staining, the protein expression of TLR4, MyD88 and NF-«B in the colon was
determined by immunohistochemical staining and Western blot. Results Compared with the normal
control group, the DAI, colon weight/length ratio, CMDI and HPS in the model group were significantly
increased (P << 0.01). After 14 days of administration, compared with the model group, the symptoms
and colon damage of the mice in each administration group were improved to different degrees, and the
DAI, CMDI, HPS and MPO activity were decreased (P < 0.05 or P << 0.01). Compared with the use
of Lasiosphaera seu Calvatia or Rhei Radix et Rhizoma alone, the DAI, CMDI, HPS and MPO activity,
the serum IL-18 and IL-6 levels and the protein expression of TNF-«, TLR4, MyD88 and NF-«B in the
colon of mice high dose in the combination suppository group were all decreased (P << 0.05 or P << 0.01).
Conclusion The mouse model of ulcerative colitis induced by combining OXZ and TNBS is stable and
persistent. Lasiosphaera seu Calvatia combined with Rhei Radix et Rhizoma can obviously improve
the symptoms in mice with ulcerative colitis and reduce the colonic damage. The anti-inflammatory
mechanism may be related to inhibiting TLR4/MyD88/NF-xB pathways.

Key words: Lasiosphaera seu Calvatia; Rhei Radix et Rhizoma; ulcerative colitis; inflammatory;
TLR4/MYDS88/NF-xB pathway
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1 81 45 B Bk R A R = R, P1(d6 ~ d8) :
d6. d8 #E ik H 0.4%0XZ (5 T 40% £ 1),
d7 BB 5 8 0.3%TNBS (I T 40% 2, ), P2
(d9 ~d11): d9. d11 F#ERILFI R 0.6%0XZ (%
T 40% 4 1), d10 #EMILHI R 0.3%TNBS (T
40% Z, ), P3 (d12 ~ d20): dl4. d18 i iz i,
#k 0.4%TNBS (JE T 50% L), HAx7dH#EM
AR 0.8%0XZ (T 50% L1 ). i dEn
T g/ NREEA A RIE eSS, R ERA
G ISR LIS R ANRATT 14 em b, FEA 0.1
mL A [ ¥ 1Y OXZ 5% TNBS VAW . ¥ 15 i 5h b
HE: /NEUH A B L ZEEREAT . S I
PHAE P 3ERE d14, BEHLBCBEL/NEL 2 H, f#i)
B, SiEH /AL, AR AT DL /N B
gEm T A . B L

W20 d45R)E, S TERNGIT 14 do b
BT 70 FU/NERIG R B BEAL >R 7 4 AL,
PHPEXTHE SASP (2.5 mg) #24H, %) (5mg) 4,
K (2.5mg) 4, DK, b, KHE (5

mg-2.5 mg, 2.5 mg-1.25 mg, 1.25 mg-0.625 mg) 41,
B 10 Ho IEFXTIRA/NR 10 Ko SA2445 T
AHREREF, IEHXTRRAL, BRI 25 T2 R, 15
Hmg2h, FEANEITTT 2 eom ik, 4525)5 A2 it
FRATT T AR AR, 10 min, 1Yk -d ", %42 144,
23 FEAXE

NERIRYY d14 RIRG e, IEw Eg itk
2h, ZJF 22 hEE G ARER K, PRI S o0 I ERLAML,
IR FFE S 3500 r e min ' 50 15 min BUM T,
T — 80 CIRAF# M. Abst/NEUS, AIEUEATT]
2 cm £ H MRS It RS BT, Tk
VKA PRER K 0P E, B2 N AW R R
R, —&BorHTHLURB AR A, TR
BT — 80 CIATFE .
2.4 AN 4G AR
241 /DNREFTESITEEL (DAL) DALV br
HE U . IR AZEIE 047, TR 1% ~ 5%
1745, FFES5% ~ 10%i2 2 490, FFE10% ~ 15%
034y, T 15% DA B0 4 43 288 TR
043, MABUREIATIC 2 4y, #fHid 3 43, KIGHE
i 4 4 FERUMSS FHMEC 1 4, FEEEC 2 47,
s BHMEIE 3 43, WHRIMMEIC 4 43, DAL = (f&Ji
N BRSO EC AR MR B+ il K0 /3. 45
P HIAE /N U AR b L R MR BT i s
M, 4525 dl. d7. d14 XN ET DALVESY .
2.4.2 /NS B R R R M B IR A0 1 2L
(CMDI) ., HEURI=IT 7 EZSIHKE | B,
THEZE A K R, N IR WAL S, 9575 3C
Pt MARHESE T CMDIESY: 4517 5405 0 455
SR K TC % 1 45 45 1 7o i HL 25 5 5
RIR 2 535 BSEEBUZIE AL, BHAAZ 0~ 1 cm,
347 @B HAAZ 1 ~ 2em, 4S54
JANERS ORI, 4 475 SRR 7 HARZ 1 ~ 2
cm, WA, SEBIRESRGEE, 555, BEEL
LA SR AL T e b o, RS A
IR R IEA LA Y] i HE Jefty, MY N e fa s
RS Kihara 5 VI PEo0 bR iEdE A 725 i 41 405 L2
PF43 (histopathological score, HPS ),
243 /NREHEHLS MPOTE J1 #e BB &
W53, FRELC“2.37 T N4 mdl s, il 5%
RSN, HHER A e 6 B TN e W R AL,
& MPO 1% /7.
2.4.4 /NEUMTE IL-18. IL-6 /KF  HL“2.37 TR
MLY%, SR ELISA ¥, 4 B & va B 5 451,
{5 P BRSO 72 TL-18. IL-6 &,
245 R PE A 24k 2E gl 8 R D 45 i A A
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FRRIZ24 2022 4F 12 A 4520 % 45 12.10)

TNF-¢, TLR4, MyD88, NF-«B & 1L X}
“2.4.2” T Bl 40 400 A0 0 B ) | HEA T g
Ay ta, WAL 412 % TNF-«, TLR4,
MyD88 . NF-«B & [ RN IEN, FHHERE R
AU R B AR T S A ANESOE, FIH
Image Pro Plus 6.0 # i+ 54 FF 2ot B (R
IPCEERE /B X BB TR ) o
2.4.6 Western blot kil Z5 172041 TLR4, MyD8S .,
NF-«B E#AE AL SSHT G )3 4
BUHZER, #HT8E M BCA @Ak, HAkE
MMZREHYK, BERE. B —PUE AR, —YRE
AT N ECL W52, M| Image J B0 58 4% 5517 JK
JEE, U BREASHNS (B-actin) 1 HEEN
BRI Pk
2.5 SZitFaE

{8 FH SPSS 20.0 FK AT B S it by, 5K
BAELL x5 Fon . LA HBCR TR & 5 22
SHT, PR AR LSD- #56 . LA P < 0.05 K
EREGHEE L,
3 £R
3.0 Db oK EA TR S R/ R DAL 4
Hy % el

1E X R 2 MRS RIA 25 T 25 (R, 402
MG TN &2, SIEEMBAML, 47
M AL, d7. d14, BEUNE DAL 34
T (P<0.01), 425 14d450 )5, SHAIAH
L, 4545 25 40 DATPE 43 YRR (P < 0.05 B
P<0.01); 55%fed. KEBRHAML, D9
KB F 4] DAL P48 AL (P < 0.01),
SR UL 1. R R AR ] ol st g M4
R/NRIEEIR, FEIK DAL P43
32 D kERAEEMEERRDREH K
JZI2 % . CMDI % HPS %

PRI/ INERZE B i, K, B K Y
i (P<<0.01), ZEFEHBLEZESIRSE, R BIR,
A 2R | IR AR AR, $ R SRR
Uio B 252/ R 45 1 B K8 E . CMDIL,
HPS S5HRYZHAH L340 (P << 0.05 5 P < 0.01),
HO@hiedmRKERAM L, DERERE. i
MO (WK 1), CMDI A1 HPS )
N (P <0058 P<0.01)(WFK2), £WHLHKE
e ml B RS RS i R N R i
33 D kERRHHER R DNRERAL F
MPO & /1 B fn 7% IL-18. IL-6 K -F th &y

550 X REZH AR e, B AR N RS T 2 4
o MPO % 1 R L ¥ IL-18. 1L-6 % 2 34 17 & 7 &

2704

R 1 DHRERIREG LG/ RERENIER DAD E589
B0 (x+s, n=10)
Tab 1 Effect of Mabo Dahuang suppository on the disease activity
index (DAI) in mice with ulcerative colitis (x+s, n = 10)

- .

224 d1 252k d7 452 d14
IEH X BE 4L 0.07+0.14  0.03%0.11  0.0340.11
TRV 2.63+0.29" 240+0.34" 2.03+0.46"
SASP #:4H 276+032  1.70+£0.33" 0.87+0.39"
ke 2764027 2.13+0.17  1.60%+0.38"""
KEHA 263+029 2.03+029° 15740277
DR ERE AR 2731031 1.87+0.32%  0.97+0.3774444

OE R ER PRI 2.674038  1.904+0.35"  1.3040.51""

L RERAGHEEZ] 2.672031  2.03+0.46°  1.6040.54" 7"
T HIEFXHRAMLL, P <0.01; SERAML, P <005,

P <00l; 5O, 2CP <001 5 REAEAM L,

A4 P <001; 5 SASPER4IMIL, “P <005, “TP <001,

Note: Compared with the normal control group, P << 0.01;

compared with the model group, P < 0.05, P < 0.01; compared

with the Mabo suppository group, “ “P < 0.01; compared with the

Dahuang suppository group, * *P << 0.01; compared with the SASP
suppository group, P < 0.05, “FP < 0.01.

(P<001), SHERAMLL, KH2584/NE MPO
6 1 I3 IL-18. IL-6 SRk (P < 0.01), 5
bt . KEkedUML, S RER EFIEL MPO
6 1 KM TL-18. TL-6 S 40 AR (P <<0.01).
HRERAMIL, Skt flad IL-18. IL-6
Frm IR (P <0.05), Z5R W% 3. RWADHK
BT i A MPO 1% 1 K S R FK -

34 DHARERMBFHESEH K DNREHARF
TNF-, TLR4, MyD88, NF-«xB & & [ M % & 1
%

HIE® X AIM L, AL EAZR R4
TNF-, TLR4, MyD88. NF«B &K [ PH 1 ¢ ik 44 1%
5 (P <0.01), H " TNFa, TLR4, MyD88 I %
TEMD T B IRk, NF-«B FEAEMIT . M RIL,
SRRIHAN L, KA 254 4 FhEE (A BE M F A Y S
(P<001), 558k, KEgmMil, Sehus
A I 4 FP R BH SRR (P < 0.01),
WK 2 ~5 KR4, RS2 RAH A 55 TNFa
TLR4. MyD88. NF-xB & 115,

3.5 Dy R ER TR SR/ R4 TLR4,
MyD88 . NF-xB & & % 1k K-t % 7

H5IEE XA M, A4/ NRE
TLR4, MyD88. NF-«B # [1 % ik /K V3 i &
FHE (P<0.01), SHEBAMLIL, BRDEhkd
MyDS88 ik /K V- S5 RIZH 22 3 48 124 7 AL,
HoAl 4525 25 20/ IN RS I 3 R 1 3Rk /K A AR
(P<<0.053% P<0.01). 558e . Kintedi L,
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x2 DHRERXMNRHEEHIONREREE. FERGIER (CMDI) RALRFEFITS (HPS ) BN (xts, n = 10)
Tab 2 Effect of Mabo Dahuang suppository on colon wet weight, colon mucosa damage index (CMDI) and histopathological score (HPS) in

mice with ulcerative colitis (x+s, n = 10)

2H 51 LEN AN BEIR T / (mg e em™ ') CMDI HPS
TR HRAL 40.97+8.81 0.00£0.00 0.00£0.00
PRI 85.76+10.08" 4.4040.52" 6.40+0.52"
SASP &4 53.40+4.99" 1.70+£0.48" 1.80+0.42%
LRE 7)) £l 78.06+9.16" " 3.10+£0.57% 7" 5.00+0.47%""
Kkl 61.16-8.227 44" 320404275 530406777
R = ) 2] 56.06+7.79" 4% 1.90+0.57"% 2444 2.000.477 000
TR E PR A 56.81+8.07" %% 2.6040.52" AARTE 4.0040.67" 447
PNy X il il 56.37+4.00" 4% 3.20+0.63% 7" 5.20+0.63"""

e HIEWRIRAAMILL, TP <0.01; Lﬂﬁﬁﬂéﬁ/fﬁﬂ: P <005, "P<001; SEEPMAMIL, 2P <005, “4P<0.01; SAHRA
Mk, AP <005, **P<0.01; 5 SASPR4IML, P <001,

Note: Compared with the normal control group, ~P < 0.01; compared with the model group, "P < 0.05, “P < 0.01; compared with the
Mabo suppository group, AP < 0.05, “*P < 0.01; compared with the Dahuang suppository group, *P < 0.05, **P < 0.01; compared with
the SASP suppository group, P < 0.01.

3 OHRERWEHEEEBR/DNRERAL S MPO FARMFE IL-18. 1L-6 7KFREM (xts, n = 10)
Tab 3 Effect of Mabo Dahuang suppository on the colon tissue MPO activity and the serum IL-1f and IL-6 levels in mice with ulcerative
colitis (x£ts, n = 10)

2H) il MPOTGE )/ (U-g™ ') 3% IL-18/ (pg  mL ") 3% IL-6/ (pg * mL ")
1E ) A2 0.1340.02 76.69+8.06 84.42+8.43
HRAIZH 0.514+0.03" 141.51+13.79" 200.244+10.91"
SASP #:4 0.2040.02" 92.15+8.02" 134.324+10.36"
e 0.3240.04" ** 111.0947.93" " 149.08 £9.06" **
PN | 0.34+0.03%"" 117.67+9.83% " 152.94+10.15% "
EEE | DNy =T pe 0.260.03" A oAMTE 94.16+9.80" 2244 135.50£4.92a044
%%kﬁ&lll*ﬂﬁéﬂ 0.3140.02"" 106.39412.04" 4%~ 143.1549.00" 47

L BRI 0.33+0.07""" 114.74+9.18" 7 153.66+12.34" "

T HIEH Xﬂﬁéﬂ*ﬁ I, P <001; HEBAMIL, P <001; SHHRAMLL, 5P <001; 5REL4MIL, P <005,
44P <0.01; 5 SASPERAIMIEL, “P <005, “TP <001,

Note: Compared with the normal control group, ~P < 0.01; compared with the model group, P < 0.01; compared with the Mabo

suppository group, ““P < 0.01; compared with the Dahuang suppository group, *P < 0.05, **P < 0.01; compared with the SASP suppository
group, “P < 0.05, "7 P <0.0l.

R4 DHRERNBBUEERRNREHAL D TNF-a, TLR4, MyD88, NF-xB EHAMRIEZMEN xts, n = 5)
Tab 4 Effect of Mabo Dahuang suppository on the positive expression of TNF-a, TLR4, MyD88 and NF-«B protein in the colon tissue of mice
with ulcerative colitis (xts, n = 5)

451 TNF-o EEDERREE X100 TLR4 FEPEHEE X100 MyDS8 FHPDEHEREF X100  NF-«B FHPEEE X 100
AE T IR 3.014£0.50 0.63£0.02 2.38%0.25 1.94£0.20
TiAIZH 10.92+1.46" 1.7440.14" 9.60+0.47" 4.80+0.58"
SASP #4] 4.19+0.41% 0.89+0.06" 3.27+0.40" 2.54+0.29%
kel 6.05+0.67"" 1.3740.09" " 4.61+0.23"7" 3.67+0.48" "
KR4l 5.65+0.43"" 1.2540.09""" 51740397 3.444045"7"
ThE R E = ) Al 329403774044 0.830.03" /244 3.384£0.40% A% 2374056404
IEE PN Y il b 4234044704 1.0440.06™ 42447 41120417 A8 294406174
B AT 4.854+0.35" 1.29+0.07%"" 45340327477 32740367

T HIERXRALMILL, TP <001; SEAAHIL, TP <001; 5HEHRAMLL, ©P <005, “°P<001; HAHEELUMIL,
4P <005, **P<0.01; 5 SASP®R4IHILL, “P <005, “*P <001,

Note: Compared with the normal control group, P << 0.01; compared with the model group, P << 0.01; compared with the Mabo suppository
group, “P <005, ““P <0.01; compared with the Dahuang suppository group, * P < 0.05, ** P < 0.01; compared with the SASP suppository
group, P <005, "FP<00l.

i KRR S AR 4145 i 3 PR I Ak 0 53 KB # 1T F%{Ik TLR4, MyDS88, NF-xB 3
FRA (P <0055 P <0.01), Z5RIK 6 s, MEALRRKYE, ShEdgubrdetss f—2
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RG22 2022 4F 12 1 45 20 4 45 12 0

B 1 By IR X7 TS W 48 /)N B2 1 28 23005 B~ U2 R 52 W
(HE, X200)
Fig 1
ical changes in mice with ulcerative colitis (HE, X200)

T fRFoRailn R, B 2R, S

Note: The arrows show colon epithelium damage, lamina propria

Effect of Mabo Dahuang suppository on the colon histopatholog-

crypt reduction and inflammatory cell infiltration.

2 Eheh R Bt T I 28 /NS I 2R TNF-o 2 1 B
FIRRIFLE (X 400)
Fig 2 Effect of Mabo Dahuang suppository on the positive expression of

TNF-2 protein in the colon tissue of mice with ulcerative colitis ( X400 )

[ 3 EhEh BRSP4 I 98 /N A T 4H 24 h TLR4 28 11 B
FEEREZI (X 400)
Fig 3 Effect of Mabo Dahuang suppository on the positive expression of

TLR4 protein in the colon tissue of mice with ulcerative colitis ( X400)

[ 4 SR REM kL,
IR (X 400)
Fig4 Effect of Mabo Dahuang suppository on the positive expression of

RNREE AL MyD88 # 11 FHE

MyDS88 protein in the colon tissue of mice with ulcerative colitis ( X400 )

2706

85 EE e B S i /N A I H 2 NF-«B 2 H B
FIRIFZIR (X 400)
Fig 5 Effect of Mabo Dahuang suppository on the positive expression of

NF-«B protein in the colon tissue of mice with ulcerative colitis ( X 400)

6 Lhh KBz A
NF-xB 4 H & 5K AR

Fig 6 Effect of Mabo Dahuang suppository on the expression levels
of TLR4, MyD88 and NF-«B protein in the colon tissue of mice with

RNREHZHZH TLR4, MyD88

ulcerative colitis

AL IEH X IEZ] (normal control group ) ; B. U4 ( model group ) ;
C. D ¥ # 240 (Mabo suppository group ) ; D. K i #& 4 ( Dahuang
suppository group ) ; E ~ G. B RKE®R . T (K H 4]l (Mabo
Dahuang suppository high, medium, and low dose group ) ; H. SASP
#:2H ( SASP suppository group )

x5 DHRKRERMNRBESEH R NREFHEAL ST TLR4, MyD8S,

NF-«B & B RIZKEHHM x£s, n=3)
Tab 5 Effect of Mabo Dahuang suppository on the relative

expression levels of TLR4, MyD88 and NF-«B protein in the colon

tissue of mice with ulcerative colitis (x s, n = 3)

215 TLR4 MyDS88 NF-«xB
TE X HRZH 0.64+0.02 0.64+0.09 0.52+0.06
HEAZH 1.09+£0.077  1.14£0.12"  1.2540.12"
SASP #4H 0.68+0.11"  0.78+0.04"  0.614+0.09"
HEhked 0.85+0.06" 0.98+0.17 0.9440.09"""
Kk 0.774+0.07"  0.83+0.21"  0.74+0.10"

O R A2 0.5540.117 244 0.574£0.07" 244 0.55+£0.05" 224
Ly E2H0.69£0.13"  0.75+£0.117%  0.6140.03"24
OO RS20 0.78£0.25"  0.90+£0.08"  0.80+0.06"""

T HIEWXHIRAIME, P < 0.01; SEAAIHI, P <0.05,
PP <0.01; SoERAMET, “P <005, “P<001; Sk
AL, 4P <005; 5 SASPHAIMILL, “P <005, “*P <001,

Note: Compared with the normal control group, ~P < 0.01;
compared with the model group, “P < 0.05, “P < 0.01; compared with
the Mabo suppository group, “P < 0.05, ““P < 0.01; compared with
the Dahuang suppository group, *P < 0.05; compared with the SASP
suppository group, “P < 0.05, “7P < 0.01.
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4 iTig

B A5 9 R Sh i 57 v ok
A RBEB IR AN . >R OXZ 5 TNBS #1555,
X Ty VR T I R 2 HCRh 2R, AR A
g, S Aa™, ARGz R KR A
Fiallo AT U RIS RS R 2 i SR A
TR EN/K 5 TC R ACK Fl 2 2 AR, {H 14535 30
K, H/ANRPE A Bk A R SO0 A m A ik
22 R AU B OXZ 5 TNBS il
2 1tz TR A5 W 98 /IS BRASE AL IE T RF 2 — 1 H A2
A 1, (DR i A AR e R 2 v R i i A R T
R A 98 275 1012 01 S5 R AR E 5] OXZ
VWO EE , DUAR S B RE A5 i 45t B Ttz 4l
1 9 /)N BRABE AL A8 EFE I R AE A, A B IR
20 AT M A K A

15t 97 11k 45 W % s B 4 R 1 A B Bl T b
PR 25 fif i 1 255 B e I 2 400 3t I MILAR B 3 22 S
b BEOE NI B — R G R E B MY, Hod
TLR4/MyD88/NF-«xB 15 51l 62 5 T RIE S 1Y
K U BHEXT B2 SASP AT Im S IR
VR RAEN, KNS5 EAN R .
L R 253G TR 7 LA A iR 4
P EBE L I ia T, K SRk 25
AR PR WSIAVE AT RE 5 R BT N R
KW R M S o 25 A
AR . ki S E R TR S PR T, 2
i B R AR 2 A AR 1, Eh i R IR FH 253
ST IRZG SASP AL, (HPTZGER AT 2 5L
ZRE AR RNAI TR, AEHIALH Al g 4
il TLR4/MyD88/NF-xB i [}k 4 4 4iE I A7 Ko
L Rk BA th 25 E IR B R, AR
5 L FHYET A P AR LA S RSO o ASBIFSY
S EIRE R It MRS A R TERE TR A
%, EAT 2N RS
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EFMANESNESRIERAFIHEEH D B
Hippo 1 SiERE % S 3 £ AH A

k', HHes', EL', FE, HRAE, B, FHET (L BRIThELG RSB, ®
JRTE 1500405 2. MA/RIEBERIRS:, BARIE 1500405 3. MR VT iR EEZG R, MRIE 150040 )

WE: B ATMEHEF FHEIEMS THEAZGIOBIER T2 L3 DTN
AR AGE, FiE ABHRHINT, AT RETER ST BEE RN AL L5 D A4
N T AR A A Fe AR, RIBRFAREIAATF, v “cervical carcinoma” 4 % 4% 18I B m e, T
FHERBRLELTE, FRERGEO RSB ERFRS; NHERFRBITERAERNX 20
#r (PP1), AE AWK (GO) §hE s fe AL RN 5 ARAGTHAFH (KEGG) 125@%E &£
Mo MR -7 - RROAEZE R ML, B35 FERE MR L DY T HEME
I E G TEEL, eGSR, MW ERASTAMFERAM T RIERME R, &
R A2 DINAE 299 Nietr, 5T HBARK G RRICAR 7140 A, BB R SR a e
FE A, AEETHELEERE 2 (BMP-2) F. GO 5 2T L3F D& J7 & H % T
B AT EZ 288 K. mieay 114, T4 31 &, KEGG1E 5@% 5 &£ 54133 181 &
155l (P<0.05), £ E£%F A& Hippo 13588, R E, BT 69 97 5 40 fe 3
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Mechanism of platycodin D on cervical carcinoma by regulating Hippo signal
pathway based on network pharmacology and targeted protein verification
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wei’ (1. The First Affiliated Hospital of Heilongjiang University of Traditional Chinese Medicine,
Harbin 150040; 2. Harbin Medical University, Harbin 150040; 3. Heilongjiang University of
Traditional Chinese Medicine, Harbin 150040)

Abstract: Objective To determine the mechanism of platycodin D on cervical carcinoma based on
network pharmacology, molecular docking technology and targeted protein verification. Methods
From the drug structure component, the potential targets of platycodin D in vivo were predicted
based on reverse docking and molecular docking technology. While cervical carcinoma were used as
the key word to sort out known targets with of diseases. The intersection of the two potential targets
was obtained, and analyzed by PPI, GO enrichment and KEGG pathway enrichment. An interaction
network with components, targets and diseases was built to simulate the molecular docking of
platycodin D and targets related to cervical carcinoma through molecular docking software. Finally
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the verification was carried out with binding energy, animal experiments and molecular biology
technology. Results Totally 299 potential proteins of platycodin D and 7140 disease targets related to
cervical carcinoma were obtained. Totally 48 qualified targes, including BMP-2 (bone morphogenetic
protein-2), were obtained by reverse docking platform Pharmmapper. Go analysis showed that
platycodin D involved 288 biological pathways, 11 cellular components and 31 molecular functions
in the treatment of cervical carcinoma. The enrichment and screening of KEGG pathway screened
181 signal pathways (P << 0. 05), mainly involved in the processes of Hippo signaling pathway,
pathways in cancer and progesterone mediated oocyte maturation. Molecular docking showed that
the binding energy between BMP-2 protein and platycodin D in Hippo signaling pathway was stable
with binding energy less than — 5 kcal * mol ~ '. The animal experiment and Western blot analysis
showed basically consistent network simulation. Conclusion The mechanism of platycoside D in
the treatment of cervical carcinoma may be directly related to the Hippo signaling pathway, which
may exert its effect through the direct regulation of BMP-2 and other proteins in the Hippo signaling
pathway. While intervention to cervical carcinoma can be achieved through the regulation of pathways
in cancer and progesterone mediated oocyte maturation.

Key words: platycodin D; cervical carcinoma; network pharmacology; signal path; molecular docking

technology
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0061R ). HRP FricF4ife (1gG bs-0295G-HRP )(Jt
SRR HAGBRAF) 5 BCA & HE mA
& (3€E Thermo A ] ).
2 AEEHER
21 HEZHEDHFEER,
Fr T

M AN A R D RS2t e U, ok
LS 44 FRAF A PubChem 0¥ 52 T 2% % J& 1Y SDF
S, FFKH ChemBio 3D Ultra 14.0 B4R HA%
ARy Mol2 SCfF; SR Pharmmapper ( http: //
www.lilab-ecust.cn/pharmmapper/ ) 4 [ X A& A
A D TR PR VG C S St R T, Wi AR A
EIMEE, AR50 AR 2R, itk
I Pharmmapper Z 4 ZE AR BORS B2 A D 44 o T
FEPRALTT 299 A, BLKEHET 20 A HEARSITER 1.

R 1 HBEEH D AN EZRITAS (F120 1)
Tab 1 Main target components predicted by platycodin D in vivo

SR BUK A A 1E 2

(top 20)

o HHAAR LA R
1 galectin-7 LGALS7
2 fructose-bisphosphate aldolase A Aldoa
3 uridine 5-monophosphate synthase UMPS
4 heat shock cognate 71 kDa protein HSPAS
5 baculoviral IAP repeat-containing protein 7 BIRC7
6  S-adenosylmethionine decarboxylase proenzyme — AMD]

7  pancreatic alpha-amylase AMY?2
8  cellular retinoic acid-binding protein 2 CRABP2
9  mothers against decapentaplegic homolog 1 SMADI
10  ephrin type-B receptor 4 EPHB4
11 transcriptional coactivator YAP1 YAPI
12 tyrosine-protein phosphatase non-receptor type 11~ PTPNI1
13 bone morphogenetic protein 2 BMP2
14 heat shock protein HSP 90-alpha HSP90AAI
15 3-hydroxy-3-methylglutaryl-coenzyme A reductase HMG2
16  thyroid hormone receptor beta THRB
17  serine/threonine-protein phosphatase 2A catalytic =~ PPP2C
subunit
18 baculoviral IAP repeat-containing protein 4 XIAP
19 mitogen-activated protein kinase 1 MAPK]1
20 Dbeta-secretase 1 BACEI

2.2 E*ﬁﬁfrﬁa‘éﬁe,ﬁ = 8 RE
R o R LK e E Omim (https: //www.
omim.org/ ), Ki & & B ir] “cervical carcinoma” ,

TR B A A A O B AR 1 B R A4 R
FLAS 2 OV A0 B B0 AH G HEAR 7140 4>, 2547
299 4~ Hor SRR AT D HO A bR 4G R — S
484, Zr9IE BMP-2, 22 )5E AL TR (e 145
(W 2).
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Tab 2 Common targets of platycodin D and

cervical cancer prediction

hdie] FLHE AR L A4 R

1 adenine phosphoribosyltransferase APRT

2 adenosine kinase ADK

3 aldo-keto reductase family 1 member C2 AKRIC2
4 aldo-keto reductase family 1 member C3 AKRIC3
5 androgen receptor AR

6  angiogenin ANG

7  annexin AS ANXAS
8 arylsulfatase A ARSA4

9  beta-secretase 1 BACEI
10 bone morphogenetic protein 2 BMP2
11 bone morphogenetic protein 7 BMP7
12 carbonic anhydrase 12 CAI2

13 carbonic anhydrase 2 CA42

14 carnitine O-acetyltransferase CRAT
15 transcriptional coactivator YAP1 YAPI

16 cathepsin F CTSF

17  cathepsin G CTSG
18 cathepsin K CTSK

19 cathepsin S CTSS
20 serine/threonine-protein phosphatase 2A catalytic PPP2C

subunit

21 complement factor D CFD
22 deoxycytidine kinase DCK
23  dihydrofolate reductase DHFR
24 dipeptidyl peptidase 4 DPP4
25 epidermal growth factor receptor EGFR
26  eukaryotic translation initiation factor 4E EIF4E
27 fibroblast growth factor receptor 2 FGFR2
28 glucose-6-phosphate isomerase GPI
29 glutathione S-transferase mu 1 GSTM1
30 histone deacetylase 8 HDACS
31 lanosterol synthase LSS

32 macrophage migration inhibitory factor MIF

33 mitogen-activated protein kinase 1 MAPK1
34 mitogen-activated protein kinase 10 MAPKI10
35 mitogen-activated protein kinase 14 MAPK14
36 mitogen-activated protein kinase 8 MAPKS
37 neuronal calcium sensor 1 NCS!
38 progesterone receptor PGR
39  purine nucleoside phosphorylase PNP
40 renin REN
41 retinoic acid receptor alpha RARA
42 retinoic acid receptor beta RARB
43 thyroid hormone receptor alpha THRA
44 thyroid hormone receptor beta THRB
45  trafficking protein particle complex subunit 3 TRAPPC3
46 mothers against decapentaplegic homolog 1 SMADI
47 triggering receptor expressed on myeloid cells 1 TREM1
48  uridine-cytidine kinase 2 UCK2
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RERERR A DRIVEF NG, B 255 E N — 6.58
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Tab 3 Docking energy of platycodin D and Hippo signal pathway

target (kcal * mol ')
L

SMADI1
— 545

%

BMP-2
— 6.58

YAP1
—6.15

PPP2C
—5.16

TR H D

26 HWAGH ., pARAY

KEBUEFE G, LS RS HdH., &
RIH L2540, F2H 10 B, BOAYZH F 45 25 4H %
FHZE W 35 Ab Bz 1 59 N #0095 HeLa 4 L £ 37
B U R R T KRR 0.5 mL, 1X107
A emL ', A5 AT AL A e T AR A
FRUATRER K, PR AT DL BR A2 M s A A B St e eg
SRR B ER ), WA T B, A2
BHAlE N 10mg kg ', 1 d ', aSHHM
U 25 T [RARFU A BLEL K, 2 J8 G TC v 3 B A8 A
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Fig 1 Platycodin D, cervical cancer target and cervical cancer in vivo

action network
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Fig2 PPI of platycodin D for cervical cancer
FRHZ, TSR AR AR .
27 BARAER, EESWEERLER
ORI 2 M2 2 R AR E R S
o R, SEBALE, H2H KRB
PRBUR >, R B AR, 48 25 AR R
(75.6619.58) %, W# 4.
2.8 Western blot Ml & & #JE 41 £ + BMP-2 K A
KEAEERE
PR RARAT R R IR A 50 g, i

2712

€3 R DR E SRR GO WA Hras it

Fig3 GO enrichment analysis of platycodin D for cervical cancer

Bl 4 FEERAT D S5HER BMP-2 (MU s I
Fig 4 Computer simulation molecular docking of platycodin D and

target BMP-2
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Tab4 Tumor volume, weight and tumor inhibition rate in

each group (x=*s)

20 531 n JiE AR /mm’ S /g TR (%
HRAIZ 10 171.25+20.65  0.4140.11 -
22N 10 60.52+12.68% 0.20+0.01% 75.66+9.58

TE: SRR E, "P <005, P <001,

Note: Compared with the model group, “P < 0.05, “P < 0.01.
BFBE A RAR . L 20 mg 240 A 100 pL Fb {3,
B RIPA 2 (A 24 (1 mmol « L™ "), vk |2
fi# 240 41 30 min, 4°C 14000t * min ' &[> 5 min
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UL 5, Hippo {5 =il i i K i) S A A

TUZH M2 25 AR 728k (LI 5).

%5 KRSFBASTH Hippo SSBEBRIMEAREER G+5)

Tab 5 Expression of target proteins in Hippo signal pathway in cervical carcinoma tissues of rats (x+s)

215 n BMP-2 YAP1 SMADI PPP2C
2 HA 10 2.69+0.17 5.64+0.14 1.96+0.11 4.6840.13
FEEAIZH 10 6.69+0.13" 7.64+0.13 4.96+0.24" 6.85+£0.19"
ARl 10 4.01+0.21" 6.1940.09 1.98+0.16" 4.71+0.21"

H: SAAUE, P <005, TP <0.01; SERILAKE, P <005, “P <001,
Note: Compared with the blank group, P < 0.05, “P << 0.01; compared with the model group, "P < 0.05, *P < 0.01.

5 Hippo {75l h &R H#IR

Fig 5 Protein expression in Hippo signal pathway
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HERNEEE TSR

EXW, BEM, X, ¥F, XX, WL, T4, Hi% (SERERELYRNYE KR
YRR, P9 710032)

cHt

WE: B AL TERREGERLFERS . Aix RAAKAEETL . Sephadex LH-20
BEAAEEE, PAENERMEERERESIRMEET T E, RErFERRE 70% LR
Bpwy BT B R o BALeA, @i kgl F FRETFEN, R 5573
TG RZF RS, HRETABIELH T -3-0-a-L- A EHEL - (1 —4) -[a-L-
AEHEL - (1 —2) 1 B-D-wvhH) H A (1), 17-hydroxygracillin (2), E4LHF H (3), T#H
23 (4), EHLHFT -3-0-a-L-vkwg [ Tfa4Ek - (1 > 4) p-D-werah HHHF (5). THL
FV(6), ELF (7)., Gt EHm2. 3. 56 AGRNETERTHFFI,
K et EAE; SRR LFERY; BRERSH; SMET

FESES: R284.1 X ERERIRAD: A XERS: 1672-2981(2022)12-2715-07
doi:10.7539/j.issn.1672-2981.2022.12.003

Steroidal saponins from rhizomes of Paris polyphylla var. latifolia

LI Tian-yi, LU Yun-yang, LIU Yang, CAO Yu, CHEN Wen-wen, TIAN Yun-yuan, HU Jin-ming,
TANG Hai-feng (Department of Chinese Materia Medica and Natural Medicines, School of
Pharmacy, Air Force Medical University, Xi’an 710032)

Abstract: Objective To determine the saponin constituents from rhizomes of Paris polyphylla var.
latifolia. Methods The compounds in the n-butanol fraction of 70% ethanol extract of rhizomes
of Paris polyphylla var. latifolia were isolated and purified by silica gel, Sephadex LH-20, middle-
pressure liquid chromatography and semi-preparative high pressure liquid chromatography. Their
structures were identified by spectroscopic analysis and chemical methods. Results Totally 7
steroidal saponins were isolated and identified as pennogenin-3-0O-a-L-rhamnopyranosyl- (1 —4)-[a-L-
rhamnopyranosyl- (1 — 2)] -B-D-glucopyranoside (1), 17-hydroxygracillin (2), paris saponin H
(3), polyphyllin VI (4), diosgenin-3-0-a-L-arabinofuranosyl- (1 — 4)-#-D-glucopyranoside (5),
polyphyllin V (6), and polyphyllin II (7). Conclusion Compounds 2, 3, 5 and 6 have been isolated
from this plant for the first time.

Key words: Paris polyphylla var. latifolia; steroidal saponin; chemical constituent; extraction and
isolation; structure elucidation

HHE (Paris) JEZAFAERAREY), HETAH  HATCAEEEMEY 8 323 Fhibss i,
A8k (Liliaceae ), 3£ 33 A 15 A8 Fh, fEh FEAFHEART . JHEE, C, KEFE. HY)
FE 2945 27 Ff B 15 8RR 1) 2020 4E R R 25 SRR REREE . i SmIAb AEAs
Y A2 BN T S RMEY) = AR Paris  ZHER2AAIE ST R W EE RS S A ) LA A 1 2 S A
polyphylla Smith var. yunnanensis &-LM—HK A€ Paris — FZGFME, Wbehi 1, brgde ™| Gurgiasy &,
polyphylla Smith var. chinensis ] THHZE D HA 40 4%, KIRZGYLA0F 78 KA H b ) 2005
WPVREE . IR . BT, Jegeit,  MERUTREIRE T, SRy EE R,

BEeWH: FERAMRR AT FH (No.81973192),
TEER/N: BRIE, &, LA, FEMNERRZGYALEIIFE, email: suchacuteguy@163.com BIEIEE . wilElk, B, F{LZ
Ui, WA SN, R RAR IR 2y | 2SI R, email: tanghaifeng71@163.com
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o HE M ( Paris polyphylla var. latifolia ) 1E
O EAE s AR R — R, R TR
Vg, R, RS T, Eper eI
LIESN AN TR 1B e 7 R I 2 S s TR
H AT 9 B B SR 2 28 i iF A BR
VL Hi A BT A R B s R Ay B A
B 4 A AR P, B S S A 2 A0
JBERl, JFX AR R — D oEE, A
SCRTBIE ™ FE T TSR ZE 70% £ BEHEIC) ) I T T
R ALIEATHISE, o IFsE T 7 RS
HOOLE D), Hhfea® 2, 3. 5H6 AERM
Ta L TR IR R

B 1 adf 1~ 7 Bfheesiis

Fig 1 Structures of saponins 1 ~ 7

1 #

Quatrro it iYL ( Waters 22 7] ) ; Bruker AVANCE
800 UM REILHRIE 1Y ( Bruker 24 H) ) ; Gilson 2050
Ve 0 A 8 3 A [ i YMC-Pack R&D ODS-A 2 1l
AR (20 mm X250 mm, 5pm) ]. ODS C, ki
( Pharmacia /7] ) 3 Pure C-810 H1 Rk (it (i
-+ BUCHI /A #) ) ; Sephadex LH-20 #Efi¢ ( GE A ) 5
2 OIS R G, HEEFERER (100 ~ 200 H
300 ~ 400 H, H&HEFALT) ) TR OB
0.0001 g, FEZFRLIANEFARAF) 5 KRR H)
i % (DLSB-40 &1, BRVG Z A5 ANARAT IR A Al )
PR B 2S5 (V-100 A, Fi-1 BUCHI AR ) 5 Jighk
ZZRAL (N-1300 ) . HLBAETEK A (O0SB-2100
AL (g 2 ACES A BRA AL 5 3G KT A
( DHG-9240A #I, [ ifg—faRl= U E A BRA A ;
ksl N WEE CRHERFERR AR 5 SRl
(Merck A 7)) 5 WLAOF] (10% BilR / CBE) 5 HAtR
FlBEI b e

25K 2021 4F 8 A [ BEPTA XS E B R
VAR R 25 A BRAN ], PR B A =X E A
LS R R R R 2 5 RIR Y B =

2716

U2 2 e R it 4% ( Paris polyphylla var.
latifolia ) WIMRZE, 25M R4 (4i'5: 20210802)
PR B B ARE
2 REESE

HsE B RE TR =L 2.8 kg, MRS 70%
ORISR, 70 CmFA R R FEHL 5 IR, RRIR 2
h, R AR B L 611.7 g0 BHIRF FHE K
R, DLSEARBUA IS AR S W, B SRR
ARARFNIE T BEAEH S YR, W A OE T )2 6
B 1353 g0 AR BRI LR A5,
Vs Viggs Vi (10011 :0.1 ~65:35:0.35)
UERER, FEATEEEEVERL, AIFE1SE] 19 s
(Fr.1 ~Fr.19),

Fr6 (1.54 g) % Sephadex LH-20 £t I #: {1
T (e Ry gl F i) B 4%, 193] Fre-1 ~
Fr.6-3. Fr6-1 25 i il s AR 3, Vipg: Vi
(1:9~10:0) RAYEBGAELEELEN, 155 Fr6-1-
1~ Fr.6-1-3, Fr.6-1-1 3800 2 5 50 (i 431
alifk, 45% CREVERASEIMLA Y S (8.0mg, # =
455 min ), Fr.11 (2.8 g) £ Sephadex LH-20 #F Jii&
e (PERRIai e ) BrXZeft, 1593 Fril-
1 ~Fr.11-3. Fr.l1-1 RIS RARERE, Vi Ve
(1:9~10:0) MEEBFIBEENL, 158 Fr.11-1-
1 ~Fr.11-1-6, Fr.11-1-1 38 i3 2§ % = 850 (i 43
Balifl, (JiE 15 mLemin~ ', MK 206 nm; DA
FYIED), 35% LAERMARELAY 1 (20.6 mg,
tp = 18.5min ), Fr.11-1-2 i i 30% 2 Ve 15 5]
&4 6 (173 mg, t =20.5min), Fri13 (2.1g)
% Sephadex LH-20 BRI (PR A4l )
e f, 5% Fr.13-1 ~ Fr.13-3, Fr.13-1 &3t
FEFRI WA T, Vig: Ve (1:9~10:0) Mk
AR EE e, 93] Fr.13-1-1 ~ Fr.13-1-3, Fr.13-
1-1 38 328 > 1) 2% = B3O AE (i 4 g 2lifk, 30% &
EVE SRS 2 (23.0 mg, f = 31.5 min) Al
& %3 (150 mg, t, = 35.5min), Fr.13-1-2 i@
it 30% LNEVEMS 2L EY) 4 (540 mg, 4 = 20.5
min ) AHLEH 7 (50.0 mg, £ = 28.8 min ),
3 GHERE

L&Y 1. HE T KK, Liebermann-
Burchard F1 Molish % 5 Jz v & BH 4, 2 H iz 4k
AU ReE TR RS, ESI-MS s HfE
A F B U m/z 907 [M + Na] ™ (IEEF#iL) A
883 [M — H]  (f & L), $am HARXS 43+
Tk 884, 454 BC-NMRBEM AW 1 145
T A CisH050 S W1 1L & 9 119 PC-NMR A
DEPT i, KINTE 45 Mfs oA 27 Mikf5 51
J& T ek 4. 'H-NMR i (800 MHz, CD;OD )
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R E I X P R R TR E R RS S,
43k 84 0.80 (3H, d, J = 6.45Hz). 0.83 (3H,
s). 0.89 (3H, d, J = 726 Hz). 1.05 (3H, s),
i 13 HSQC 3% 48 21 H X R ik {5 %5 6. 17.5 (C-27).,
17.5 (C-18). 9.1 (C-21). 19.8 (C-19). MAMALLF
15 5 MHIEZERIE S 6.141.9 (C-5), 38.0 (C-
10), 458 (C-13), 913 (C-17), 1103 (C-22), %
G L BdE, da ek M T I ER A Y 1A
TN T .

BALA 1 (1.5mg) i 2mL (2mol« L™ ")
SRRV, TR TR PR IS R R £ R
= HSEREREIE L- MR A, DIbRHERE A
YihxI R, BT GC b, RIS 1 (R
ARk D- 7578 (D-Gle ) Fl L- 258 ( L-Rha)
(1:2)e 34-FAY IR IS [E 5 0L T 'TH-NMR fY
K3 X, 4% %1 k6,450 (1H, d, J = 7.81 Hz,
Glc H-1), 6,5.20 (1H, brs, Rha | H-1), &,
484 (1H, brs, Rha Il H-1). i1t HSQC i &3]
HGE By 8 i B ik 15 5 b 6. 1004 (C-1, Gle), o
1023 (C-1, Rhal ), 6.103.0 (C-1, Rhall ), 7F
HMBC i 1, Gle ¥ 55 2 A1 1 J0 C-3 FE7E i 72 A
X%, Rha I ¥ 3 &l Gle C-2 fE7E i F2AH ¢, Rha
11 i HE EUFN Gle C-4 A7 EREFEAA S, 2] Rha 1 Al
Rha Il 73 H3ELE Gle (9 2 i F1 4 v o a7 Hri
ZbEum L S AW (J = 7.81 Hz > 7.0 Hz )
A HARXT R R Ry gAY s 3@ L oA R C-5 4k
M (5.69.8 Rha 1, 6.70.6 Rha 1) #fisE He
AR Ry o R 0 U295 3 255 0 M TH-ANMR |
BC-NMR. DEPT. HSQC #l HMBC i &, 5 ik
PR AR E S St e MY, N E T4k
AW AL S YR UG -3-0-a-L- T 5
ZEPEIE - (1> 4) -[o-L- MR FREZEAESE - (1 —2) 16-
D- N I E Y

&2 H 6 JGxE B K K, Libermann-
Burchard F1 Molish % %€ Jz v 5 fHY:, ESI-MS #/R
HAESF B U5 m/z 924 [M + Na] ™ (EBEFHER)
1900 M — H]~ (A gFHX), $omHAlxtsr+
JE R 901, %454 PC-NMR BEM &L &Y 2 094
TN CsH,,00 T 5EW 1 TR, &
MALEY 2 HA S5EY 1 A —Z0win i
JURHIEE S, MR EEES 6,079 (3H, d, J=
6.42Hz), 0.83 (3H, s), 0.89 (3H, d, J =727
Hz). 1.05 (3H, s), 4355 "C-NMR H1f4 5. 17.5
(C-27). 175 (C-18), 9.1 (C-21), 19.8 (C-19)
{5 5HIX. £ "C-NMR JE AR 5 A ZiifE 5
5. 1419 (C-5), 38.0 (C-10), 459 (C-13), 91.3
(C-17), 111.0 (C-22), #H FiR%HE, 456

ik MR R LAY 2 BT A R R G,

B EY 2 I S5E Y 1 R 7 kil &
AT, SARMEREATAE YT e, B g5k
& D-75 % B (D-Gle) M1 L- L Z5 ¥ (L-Rha)
(2:1)e 3AHEM I A5 5 Y0 T "H-NMR (1
% 3% X, 4y % ~oy451 (1H, d, J = 7.86 Hz,
Gle 1 H-1), 6,447 (1H, d, J = 7.85 Hz, Glc
I H-1), 6,527 (1H, brs, RhaH-1), £ %f i
(1) it BB A5 5 M 8. 100.3 (C-1, Gle 1), 5.104.5
(C-1, Glc 1), 6.102.5 (C-1, Rha). i iF 454
'H-NMR. “C-NMR. DEPT. HSQC HI HMBC %
K, Sk itk S A G St e ", &
LA e Y 2 IR R IT -3-0-6-D- MR 35 7%
B - (1—4) -[o-L- ML FRZERESE - (1—2) 18-D-
MR AR, BRI HES ) 17-hydroxygracillin,

&Y 3. B JE B K K, Libermann-
Burchard F1 Molish % & Jz v & FH £, ESI-MS &
o HME S T B F I R m/z 893 M + Nal ™ (IE &
TR Ff1869 M — H] ™ (M FRK), 456
BC-NMR #% (200 MHz, CD,0OD ) #11 DEPT j&%i#
ST e S 3 15 F X CuHO0r0 KL G
Y3 S5EY 1 TR, R B A —
H R BT CRHES S, W RSG50k
5,0.80 (3H, d, J=647Hz). 0.83 (3H, s). 0.89
(3H, d, J=724Hz). 1.05 (3H, s), 45
PC-NMR H111) 6.17.5 (C-27). 17.5 (C-18). 9.1
(C-21), 198 (C-19) 55 FK. 7 "C-NMR i
() NMR & HAEAE 5 A ZRER(5E 5 6c 1419 (C-5).
38.0 (C-10), 459 (C-13), 913 (C-17), 111.0 (C-
22), e R, Z5A Sk U T etk A
3 W TR BT .

WAL A 3 # BS540 G W 1 [RIFE By 77 vk il &
WATHEY, SRTAA S WAR A %) Of B B ) R A T
XFEe, W g5k T 5 A D-# F B (D-Gle ). L-
S Z= BE (L-Rha) H1 L- 10k iRg BT $7 A7 4 ( L-Araf)
(1:1: 1) 34BR LSS 50T 'H-NMR
BRI X, 59k 6,4.50 (1H, d, J = 7.80 Hz,
Glc H-1), 522 (1H, brs, RhaH-1), 5.02 (1H,
d, J=191Hz, ArafH-1). il HSQC j&4e3H
Kb I B i KL B A5 5N 6. 100.4 (C-1, Gle), 102.1
(C-1, Rha), 110.0 (C-1, Araf), i it 2 #7 Gle
ViSRS H B (J = 7.80 Hz > 7.0 Hz) i H
ARXTAG TRy BT, 38 2k o0 By B C-5 fk A0
FAE (5:69.7) #ffi & HARXT A4 5 Ay o #4 AY, 38 5
W e BT R AT e S S A 2 (J = 191 Hz) B
FE HAH X R 8y o #5010 3 0 45 A THANMIR |
BC-NMR. DEPT. HSQC 1 HMBC i% &, 5 ik
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& Pt & 05 S ik f e 1,
Y 3 AC LAY EE R He

&4 M6 g R K K, Libermann-
Burchard il Molish %8 % [ i 2 FH:, ESI-MS iR
HAEA B0 m/z 1053 [M + Na] ™ (IE& )
1029 M — H] ™~ (73 7). 454 "C-NMR
i (200 MHz, CD;OD ) #il DEPT JE404E 7 i 2
G 4195 TR K CHe0,,0 il 5EM1
X EBE, Wi BAMMPREE S, EmEls
. 6,080 (3H, d, J=639Hz). 0.83 (3H, s).
0.89 (3H, d, J=720Hz). 1.05(3H, s), 51Z
Wl 5 6. 141.9 (C-5). 38.0 (C-10). 45.8 (C-13).
91.3 (C-17). 111.0 (C-22), I FiR%dE, 454
Scik M T AR E AL S 4 BT IR R ATC .

KA 4 B S5EY 1 RIS 7 TA 625 K
ey, @t GC b, StniEREESI L, 5
FAEAL S PIRR R B PR BRI X b, e 4544
& D- %P (D-Gle) 1 L- 258 (L-Rha)
(1:3). 4B 56 S(E 538467 T '"H-NMR f
% % X, 4 9 k6,450 (1H, d, J = 7.80 Hz,
Glc H-1), 6,5.18 (1H, brs, Rha I H-1), 6,,4.83
(1H, brs, Rha Il H-1), 6,5.17 (1H, brs, Rha
M H-1). 31t HSQC 4 2 Hx o 1 s B (5
46,1003 (C-1, Glc), 6.102.4 (C-1, Rha I ),
5.102.5 (C-1, Rha 11 ), 6.103.2 (C-1, Rha I ).
i 3 HMBC i & B, Gle i 52 50 Ff T C-3 f2 7
TCFEAH G, Rha | Uik &5 Gle C-2 77 76 & 72 4
X, Rha I %3S Gle C-4 7E7E L 2 4H5¢, Rha
Il #5345 Rha [ C-4 fAEm MG, @it G
'H-NMR ., "C-NMR ., DEPT. HSQC 1 HMBC 14,
53CHk P AL A IR S S I T Y, R
EAEY 4 TG EE RV,

&S B EE KK, Liebermann-
Burchard il Molish S v 5 BHY:, £ HiZL& 9T
AR TR 25. ESIMS /R HfEsr 75 118 m/z
730 [M + Na] " (IE & FH#EL) #1706 [M — H]
(1K), PR HARX 3+ Bk 707, 45
4 PC-NMR & EL S 5 B FRH CisHso0150
TE SIS & K AFFE 4 D3R T R E &5
., ks, 079 (3H, d, J=6.59Hz). 0.81
(3H, s). 096 (d, J=7.12Hz). 1.05 (3H, s),
H HSQC % & B ik 4 M2 (55435 "C-NMR
i f{6.17.5 (C-27). 16.8 (C-18). 149 (C-21).
19.8 (C-19) A3, 7F "C-NMR & 7E7E 4 MESHE
ZEfRfET: 6:142.0 (C-5), 38.0 (C-10). 41.4 (C-
13). 110.6 (C-22), &3 [ R%dE, 456 cEk ™ pr
DI tb B9 5 T BB 2 o0,

RAHELS

2718

P a4 5 R S5AW 1 R il 35 il
Ay, SinAA s BbR MRS A O B8 B R R4 5 Xt
b, KRG 5 b &A D- 8% (D-Gle)
FI1 L- 19 05 B 7 A B (L-Araf)(1: 1), PHASBE Y
LA E S0 T THANMR B X, 43510 6,
440 (1H, d, J= 792Hz, GlcH-1), 6,5.05 (1H,
d, J=190Hz, ArafH-1). i 1t HSQC i $& |
X R () g 3 ik 17 %5 R 6. 102.4 (C-1, Gle), ¢
109.8 (C-1, Araf). #3454 '"H-NMR, “C-NMR,
DEPT., HSQC F1 HMBC i &, 5 3¢k 1k &
Yk S5 SR 1, BEHEREY 5 hE
WAL A W) 2 35 R8T T -3-0-a-L- WG Wl B 37 {35 -
(1—4) B-D- NG EET

L& We6: M JGwE B K K, Libermann-
Burchard F1 Molish % % Jz i 5 B, ESI-MS &R
HAESF B U m/z 745 [M + Na] ™ (IEBFHER)
721 M —H] ™ (PR, 454 "C-NMR
7% (200 MHz, CD,OD ) #1 DEPT #4530 &
A 6 195 F3h CWH,Opno 7E 'H-NMR (800
MHz, CD,OD) 1) & 5 IX hAE7e S w2 11 oo
FHEH LSS, 4090 6,0.79 (3H, d, J=6.49
Hz). 0.81 (3H, s). 096 (d, J=7.02Hz). 1.05
(3H, s), LHTH HSQC 158, LM el
W 5 BC-NMR " #9 6.17.5 (C-27). 16.8 (C-18).
149 (C-21)., 19.8 (C-19) {55454, 1£ "C-NMR
TE) NMR 1SR 4 D2RR(E5: 6. 141.9 (C-
5). 38.0 (C-10), 41.4 (C-13), 1106 (C-22), #
A, g A sk M T LU E b A 6 B
JUNEF T IC.

HALEDY 6 # IR S5ILA W 1 IR il 5 1k
Ay, SinA s bR RS i PR B8 B 1] R4 5 X%
t, WSS A D- %M (D-Gle) FlL- il
ZEME (L-Rha)(1:1)o PRASBE Y o 3 U155 34947
T 'H-NMR 351X, 435010 6,447 (1H, d, J =
7.78 Hz, Glc H-1), 6,5.19 (1H, brs, Rha H-1),
i 1 HSQC &4 21 H X B (9 i FE A5 5 K 6 100.5
(C-1, Glc), 6.102.2 (C-1, Rha). 7£ HMBC j¥%
H, Gle ¥ A 51170 C-3 fAFE L FEA G, Rha ¥
HAY Gle C2 fA7EL MG, ] Rha #E7E Gle 2
A7 1o I AT A JE SRR A R (U = 778
Hz > 7.0 Hz ) #fj5E SARGHGTR ) BHgRY, T8 8T
FRZEHE C-5 IYTLA0i R ME (5:69.8) i HAH X4 7Y
Fa g, 5@t 454 '"H-NMR, “C-NMR. DEPT.
HSQC Ml HMBC i, 53Cikh b &k a5
PEATRFEE B IR HE A 6 AT AL SR
BAFV.

&MY T. M@ &R K K, Libermann-
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Burchard F1 Molish % #¢ Jz b 5 FHYE, ESI-MS &7~
HAES T35 FUE m/z 1037 [M + Na] ™ (IEEFE)
1013 [M — H] - (A F#0), 454 "C-NMR
% (200 MHz, CD,OD ) #il DEPT #4504 /A i 8
AW T 5 T30 CHeOpo 1E 'H-NMR ( 800
MHz, CD;OD ) {3 X A E e 3 e A o s
HEHILEES, 290 6,0.79 (3H, d, J=6.50
Hz). 0.81 (3H, s). 0.96 (3H, d, J=7.01Hz).
1.04 (3H, s), &k 40Hr H HSQC ik £ dis, &
B AT 55 PC-NMR A9 6.17.5 (C-27). 16.8
(C-18). 149 (C-21). 198 (C-19) {5 54K, 7E
PC-NMR i ] NMR % R 7E 4 D ZR 155 S
1419 (C-5), 38.1 (C-10). 41.4 (C-13), 110.6 (C-
22), R A, 454G 3G U T e e A
7RIS RATC. (LAY T H) "C-NMR jEH,
B 6 22 2 F L RS 5

B EY 7B SAE Y 1 R il &
WATAEY, SHTAARE W bR R G 4% B4 I ) 2T
XFEG, B S5k T & D-#4E (D-Gle) 1 L-

FUZEKE (L-Rha)(1:3), 4 MBS E G SI07
T 'H-NMR (371X, 53908 6,449 (1H, d, J=
79Hz, GlcH-1), 8,5.18 (1H, brs, Rha [ H-1),
5,4.83 (1H, brs, Rha Il H-1), 8,5.17 (1H, brs,
Rha Il H-1). it HSQC i 8 21 =X 1 1) viig K ik
{5 5 H6.1005 (C-1, Glc), 6.102.4 (C-1, Rha
[), 6.102.6 (C-1, Rha 1T ), 6.103.2 (C-1, Rha
)., #F HMBC i, Gle sisE 51170 C-3 f77E
TCREA G, Rha [ ¥k &5 Gle C-2 1776 i i AH
X, Rha Il ¥idE%0F Gle C-4 fE7EILFEAH X, Rha
Il %L %A Rha 1T C-4 AR FEA G, B Rha
[ ¥#%EAE Gle C-2 v I, Rha 1T i#7F Gle C-4 i I,
Rha Il #%7E Rha 11 C-4 57 | 38 33 4347 75 285 i i
HEMA W (J=787Hz> 7.0 Hz) #fiEHH
XA AL N pRY AL i i 45 A 'TH-NMR . "C-NMR
DEPT. HSQC fl HMBC i [, 5 3tk 19tk &
Yk S 5 S e ", & HEk e 1 hE
ik EEAERFL., 7MEEY R PC-NMR FI
'H-NMR Bg i3 1, % 2.

x1 &YW 1~ 78 “C-NMR ##E (200 MHz, in CD,0OD)

Tab1 "“C-NMR data of compounds 1 ~ 7 (200 MHz, in CD,0D)
Y 1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 385 386 386 385 385 386 386 3-O-sugar Glc  Glel  Gle Gle Gle Gle  Glel
2 307 307 308 307 307 308 307 1 100.4 1003 1004 1003 1024 100.5 100.5
3 793 789 793 792 799 792 792 2 792 786 788 794 750 790 795
4 395 395 395 395 397 395 395 3 780 885 778 780 765 794 780
5 1419 1419 1419 1419 1420 1419 1419 4 799 778 786 795 782 717 79.4
6 1226 1226 1226 122.6 1226 1226 1227 5 766 706 765 767 767  71.8 767
7 332 332 332 332 327 328 327 6 61.8 627 619 619 619 628 619
8 332 333 333 333 328 332 328 Rhal Glcll Rha Rhal Araf Rha Rhal
9 514 514 515 515 518 517 517 1 1023 1045 102.1 1024 109.8 1022 102.4
10 380 380 380 380 380 38.0 381 2 721 751 724 721 831 722 740
11 217 217 217 217 220 220 220 3 723 782 722 723 781 724 722
12 328 329 329 328 409 409 409 4 739 783 739 738 861  73.8 724
13 458 459 459 458 414 414 414 5 69.8 715 697 698 630 698  69.8
14 539 539 539 539 578 580  57.8 6 180 626 179 178 18.0 180
15 321 321 321 321 324 327 332 Rha [ Rha  Araf Rha Rha II
16 90.5 905 905 905 822 822 822 1 103.0 1025 1100 102.5 102.6
17 913 913 913 913 637 637 637 2 724 721 832 729 72.9
18 175 175 175 175 168 168 168 3 722 723 781 730 72.9
19 198 198 198 198 198 198  19.8 4 737 739 859 808 80.8
20 455 455 455 455 429 429 429 5 70.6 699  63.0  69.1 69.1
21 9.1 9.1 9.1 9.1 149 149 149 6 178 18.1 18.6 18.6
22 1103 111.0 111.0 111.0 110.6 110.6 110.6 Rha Tl Rha Il
23 325 325 325 325 332 324 324 1 103.2 103.2
24 294 294 294 294 299 300 299 2 72.1 72.4
25 313 313 313 313 314 314 315 3 72.4 73.8
26 677 617 617 677 679 679 679 4 73.9 72.4
27 175 175 175 175 175 175 175 5 70.4 70.4
6 18.0 17.8
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x2 #4EW1~ 78 '"H-NMR ##E (800 MHz, in CD,0D)

Tab2 'H-NMR data of compounds 1 ~ 7 (800 MHz, in CD,0D)
% 1 2 3 4 5 6 7
1 1.88m, 1.08m 189m, 1.08m 1.89m, 1.08m 1.89m, 1.07m 188 m, 1.08m 1.87m, 1.07m 1.87m, 1.07m
2 1.92m, 1.29m 190m, 1.28m 192m, 1.29m 19Im, 1.29m 192m, 1.29m 192m, 1.29m 191m, 1.29m
3 3.60 m 3.64m 3.60 m 3.59m 3.57m 3.6l m 3.59m
4 2.45m 242 m 2.44 m 244 m 244m, 226m 244m, 229m 244m, 229m
5 _ _ _ _ _ _ _
6 539brs 538brs 538brs 538brs 538brs 538brs 538brs
7 20lm, 1.63m 2.00m 2.0l m 2.00 m 1.57m 1.65m 1.56 m
8 1.64 m 1.64 m 1.64 m 1.64 m 1.98m, 1.28m 1.98m1.28 m 1.98 m, 1.28 m
9 0.94 m 0.94 m 0.94 m 0.94 m 097 m 0.97 m 0.96 m
10 - - - - - - -
11 1.6lm, 1.5lm 16lm, 1.5lm 16lm, 1.5lm 16lm, 1.50m 1.56m 1.56 m 1.56 m
12 1.70 m, 1.34s, 157m, 135m 156m, 1.34m 156m, 134m 1.77m, 1.20m 176 m, 1.20m 1.72m, 1.19m
13 - - - - - - -
14 1.76 m 1.7l m 1.7l m 1.7l m 1.I5m 1.14m 1.14m
15 204m, 125m 2.04m, 1.25m 2.05m, 126 m 2.04m, 1.26m [.56m 1.56 m 1.53m
16 4.00 t 4.00t 4.00 t 4.00t 4.39m 439m 4.39m
17 - - - - 1.75m 1.75m 1.74 m
18 0.83s 0.83s 0.83s 0.83s 0.81s 0.81s 0.81s
19 1.05s 1.05s 1.05s 1.04s 1.05s 1.05s 1.04's
20 2.09 m 2.09 m 2.09 m 2.09 m 1.90 m 1.90 m 1.90 m
21 0.89d(7.26) 0.89d (7.27) 0.89d(7.24) 0.89d (7.20) 0.96d (7.12) 0.96d (7.02) 0.96d (7.01)
22 — — - — — — -
23 1.68m, 1.58m 1.70m, 1.55m 1.69m, 1.55m 1.70m, [.56m 1.68 m 1.70 m 1.69 m
24 1.62m, 144m 162m, 144m 1.62m, 144m 1.63m, 144m 142m 1.62m, 141m 1.61lm, 1.4l m
25 1.60 m 1.60 m 1.60 m 1.60 m 1.59m 1.59m 1.59m
26 348m, 333m 348m, 333m 348m, 333m 348m, 333m 344m, 332m 344m, 332m 344m, 33lm
27 0.80d (6.45) 0.79 d (6.42) 0.80d (6.47) 0.80d (6.39) 0.79 d (6.59) 0.79d (6.49) 0.79 d (6.50)
3-O-sugar Glc Gle I Glc Gle Gle Gle Glc I
1 4.50d (7.81) 4.51d(7.86) 4.50d (7.80) 4.50d (7.80) 4.40d(7.92) 4.47d(7.78) 4.49d(7.87)
2 339m 3.50 m 340 m 3.38m 3.19m 335m 3.53m
3 3.59m 3.68 m 3.62m 3.57m 3.49m 3.46 m 3.56 m
4 352m 3.52m 35lm 3.52m 3.87m 324 m 338m
5 33lm 340 m 335m 33lm 336m 325m 330m
6 379m, 364m 385m, 3.64m 3.82m, 3.70m 3.79m, 3.64m 383m 3.84m 3.78 m
Rha | Gle I Rha Rha | Araf Rha Rha |
1 520brs 447d(7.85) 522brs 5.18brs 5.05d (1.90) 5.19brs 5.18brs
2 393 m 324 m 3.66 m 3.92m 398 m 391 m 338m
3 3.66 m 336 m 3.89m 3.65m 3.53m 3.66 m 3.58m
4 3.39m 336 m 3.38m 339m 4.09 m 339m 3.92m
5 413 m 3.28 m 413 m 4.12m 3.63m 413 m 411 m
6 1.24d (6.31) 3.89m, 3.65m 1.23d(6.31) 1.24 d (6.46) 1.24 d (6.26) 1.24d (6.32)
Rha Il Rha Araf Rha Il Rha II
1 4.84 brs 527brs 5.02d (1.91) 4.83brs 4.83 brs
2 3.83m 392m 3.97m 3.77m 3.77m
3 3.62m 3.64m 3.86 m 3.75m 3.74m
4 341m 339m 4.07 m 3.54m 3.54m
5 393 m 4.13m 36lm, 3.73m 4.05m 4.04 m
6 1.24d (6.31) 1.24d (6.24) 1.29d (6.40) 1.29d (6.19)
Rha I Rha I
1 5.17brs 5.17brs
2 3.92m 3.64m
3 3.66 m 338m
4 3.39m 338m
5 3.70 m 3.69m
6 1.26d (6.23) 1.24d (6.32)
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Microbe-drug interactions and extractions based on large-scaled
literature mining

XIAO Xin-yi, WU Cheng-kun’, YANG Can-qun (School of Computer Sciences, National University
of Defense Technology, Changsha 410073)

Abstract: Objective To detect the microbe-drug interactions by intelligent mining on massive
literature. Methods Firstly, the named entity recognition method was used to locate microbes and drug
entities from biomedical literatures, and a gold standard data set of microbe-drug interaction was labeled
manually. Secondly, a deep learning model based on a large-scale pretrained model was constructed
to achieve intelligent recognition of microbe-drug interactions at the sentence level in biomedical
literatures. Results The microbe-drug interaction method proposed in this paper reached 73.13% F1
score, indicating a good recognition effect. Finally, the method was applied to a large-scale collection
of microbe-drug-related literatures, and the effectiveness of the predicted data was verified by example
analysis. Conclusion This study proposes a literature mining framework to intelligently indentify the
interactions between microbes and drugs from massive biomedical literatures, and demonstrates its
effectiveness from model evaluation and example validation.

Key words: literature mining; microbe-drug interaction; relation identification
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TR L ANRUEY /258 SRR X S Al Staph-
ylococcus isolates were susceptible to gentamicin, and
the second and third most susceptible isolate numbers

were to tobramycin and kanamycin (97.78% each ) and
streptomycin ( 95.56% ), respectively.” H1 f% A [r] &
VERUAEY) | 5 SRR R I AN ER 2 B .

R2 WEY HYEEZRE)

Tab 2 Examples of microbe/ drug entity generalization

(St G YEE YR

SRz Ak

( Staphylococcus, gentamicin )

All < MMICRO > isolates were susceptible to << DDRUG >, and the second and third most susceptible

isolate numbers were to DDRUGO and DDRUGT (97.78% each ) and DDRUG?2 (95.56% ), respectively.

( Staphylococcus, tobramycin )

All < MMICRO > isolates were susceptible to DDRUGO, and the second and third most susceptible isolate

numbers were to << DDRUG > and DDRUG! (97.78% each ) and DDRUG2 (95.56% ), respectively.

( Staphylococcus, kanamyci )

All < MMICRO > isolates were susceptible to DDRUGO, and the second and third most susceptible isolate

numbers were to DDRUG1 and < DDRUG > (97.78% each ) and DDRUG?2 (95.56% ), respectively.

2 ETF BioBERT BIRIAEY - 51K RI2EL
21 HEAAEER (WLHE3)

K RPEHUT S5 FE X AN SR 2Z 18] 1 56 &R
AT 20 AR SO ZEA FI R KRB T 1| oA 7Y
BioBERT"* Fil Gumble Tree-GRU" %} | F i 4%
DL AR B T gt TR
RN R - 25 R RS

3 MDrl-BERT HUZEH:
Fig3 Structure of MDrI-BERT

2.1.1 BioBERT % % JZ BioBERT# #f K i
BA= W) B 2l 2 2D A5 B T 2R A AR SR
JH BioBERT #5% B 3 U 47 F Y R K n e AN ) T
UL i) % A, BioBERT H X 3] i ¥ 43 5% FH A
J& WordPiece 73 18] 77 20, #4 i8) 3% LL &b 1) 5] 43 i
B 22 A~ iR R N IR 4B /N T, AR SCH B
T BioBERT (1 1] 55 > it 632 fb i8] 8% 43 ), I H
W37 8 L2 5 < MMICRO >, < DDRUG >,
DDRUG, MMICRO il AfalZ, /0] F b 2]
id 155 x,p, S5, TESEUE P RI25 ) SRR (1) R 5 |
PP, F% A BioBERT., & T ZBfi 4004 n) it
7E BioBERT F¥%i i im A LayerNorm JZ i1 71H—1k.,
HARAAN (1) ~ (2),

= E(x)]
LayerNorm ( x ) _W (1)
h = LayerNorm[BioBERT ( x;,, ) ] (2)

2.1.2 Gumble Tree-GRU %t )2 K T 7047 FiLfi
A]FIE UE B, AR SCFH Gumble Tree-GRU 2k
XA BB AR B T RCIR G5 H 4t . Tree-GRU
S 2L GRU [ 1T BIL X A% 5 05 2 (Bl B9 15
Bt e, ik Tree-LSTM, Jf/b T A:AY
ZHE, BRIHEARXILE 3) ~ (7).

(3)

(4)

(5)

(6)

(7)

H, W50, E— 2N ERAE TS
AT ERREE, o RRnEiEmE, OFR
NFEPREIRTE . Gumble Tree-GRU A9 3= 22 JEUAH J2 ]
BRI RA A 5 15 (1 — 1) 2,
XA AR AT S AT e A AR 205 ¢ )2 i
W, ME SRR AN T, N
A (8).

7w, = Wtanh ( V,g,) (8)

Horp, g 2R b, PSS i e a
Gumble Softmax %™ 7 mi B HE R, £ — )20
D HB VR y e R BB 9 SR S o, Hisk
FEARFEREE (¢ — 1) Eh—FE, 1HE UL
(9), HZwENR, ®mEHRE—HFRATR
T R senty, VBRI HIEER RN

_expllog () + glr

. _Z}(:l exp[log () + gi]/T’ :
213 XERESEZE AT HELFHUREE A SR TE
AT Z e R, B AE SR & A
. AWM EHTPHEAL S, I G RN

=1k (9)
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TUE SRR 2 W SEpR Z R e 2R, R =0
X (10), micro,, 7~ BioBERT i i [ 5t i A4k
Yy SR TR &R G iR ) i, drugy.,, 778 BioBERT
o o ) 2 ) SR BT AR R G | A ) )

r = concat(micro _ sent m‘dmg i) (10)

e Ja X P T 4028, R ReLU /R A
6 PRELLA B Softmax 1E MR AL, HARTA
=t (1) Fin, BUERE S 1) y M A2,

p (y|x) = Softmax[W,RELU ( W,r + b,) +
b] (11)

AT H R FH L SEAE -5 PN A 58 SURAE R 6
KRB, XA S HCR H AdamW SR 1Tk,
[ B SR 2R P 2% 2 R A AR 1 T 2R B B AR 1| 2k
A SRR e Pk
22 ELHRER

2R SCAd ] PyTorch HE 22 FF & A AUARC B, A
AP BE 2R B R RS A 2% ( Precision ), A [A] &
(Recall ) 1 F1{EIEATPEAS, b F1 Rk
A BB A T2 A0,

WA Y R Al e B AR e, TR AL
(12) ~ (14).

(12)

(13)

(14)

BERUR A Y - 2508 46 b R — 5
BIHA —DREE R OCR I, g e g e )
SRR (F05 1000 FEAS ) . BRUF4E (£27% 200
FEAS) FNRAE (A7 331 REAR ).

BRARIYIN LR AR BSE B AR 10 YR, BEARLAY
dropout R E K 0.5, L2 IENAL L REE 4 0.2,
AdamW Ak #8527 > %1% B 0.0003, BioBERT )2
222U E R 0.000 01, BIRIYIZRAHER /N B
8. MRS T s S ML ihE .

A SCBERY 55 1 [0 2540) - 2590 ¢ R PR H A A
%] BERE" 47 HeXF, Wu %5 UVl BERE #4 %1 fi
TR - 5 O R POT A5 T84 r9 s
R MDrl F/R R RTE G AR W) 259 0 R B R 4
BRI, BeZAG RS EE RN R 3 s, £hah
RS HAEMEE g R

F 3R, IS5 H PG e br
. AR FERE, A SChreEY -
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%3 BERE 5 MDrI-BERT £85LL %
Tab 3 Performance comparison of BERE and MDrI-BERT

HEETE WHR % BRI /% F1/%
BERE ( MDrl) 60.03 68.72 64.27
MDrI-BERT ( MDrl ) 71.01 75.38 73.13

251 Z B MDrI-BERT I ¥ 22t BERE
BRI N 5, B T 71.01% RSB0 %, JFH
7 F1 {6 LAl BERE & T 25 9%,

2.3 BRI

AR SO FH ARSI T30 25 2 1) TR V8 R kol 34
HR S R TN 8 S0 R AT TR A AR H, AN 4
iR o ARG R X M 2 Ros T el vh 4326
TEBR SR L, A X S R A SR 1R 1Y S 1)
B oA

M 4 HAT LU BIBIRAE D POSITIVE 25
SRS, A RER AR AT TS D_
POSITIVE Zi 1] i1 5 5 K0 AN o5 i A7 K 1 6%,
i YRR XE LAY G B S B 2 A, AT 3L
B g7 25 B A, Rz 432 he )
B 1 4 PR A R o3 H A 2 A 1R
Wi NA, FeArgeit 7l rh g2 58l , il
A 331 MEA AT 5% 195 4~9F NA 2851 (D_
POSITIVE, D NEGATIVE, M_POSITIVE, M _
NEGATIVE J&i]) fREAs, Herf 33 MEA BT IR
P NA 2851 X J2 i1 TN ZREiods h 2542
RN, DTG T AR 7 [ 42

AR ICHK A T D_NEGATIVE 28 51| i g 4 1 10
S NA Y 26 BRI R AR
FERT, XSeh) 1R BAT 2 2 N 45 Jf:
HALE RBIHI & AR, B8 AR
OB B IEAY S TEIR

5 1: 7 A time kill assay was performed as above
for < MMICRO > exposed to equal concentrations
of NPBD and < DDRUG > sampled at 0, 4, 8 and
2407 (IR 30)

5] 2. " It has recently proved to destroy the integ-
rity of the cell membrane of carbapenem resistant << M-
MICRO >, evidenced by a pronounced reduction in the
intracellular << DDRUG > concentration, membrane
potential, and pH with concomitant alteration in the
morphology of the cell.” (Jf-5145#4 ).

f 3. ” Moreover, furfural could increase the tox-
icity of < DDRUG > in < MMICRO > and the tox-
icity of phenols in Escherichia coli.” (Ff-51454 ).

MICF IR A BT, AR A
WA 5 25 Z )2 5 7 A B EIH AR E T, T
HATE LR Z [ R TG ER,  EA B
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Bl 4 ey - 25 RS RO A
Fig4 Distribution of microbe-drug interactions on test set
A 0 250 7= HE B W S 2 R A e L R
M, NIRRT R AP AU RERE . BRI AT,
5 AR P B 23 BB | AR R
AT PRAUSE QL BR TG BR A IR AT
MR E A AT, BRI AN A] (B 1) )
Tb, RSRARMPUMEREA R, A SO A
BiESE 531 D SLPIR BN AS RS, i
BFLESATREMMBCR, S8R ME S |
Jrn e M Sl AR AR PR T EEAL T 40
250 A PEEA R R B ZE, RIS T 66% /Y
FI{H. @k kB, XA R2m 8%,
WA 2, JFHIMKRZ A NA, ZEHFIE
AU, BHEAS TRRVERERIER T, S35h, ARUERL
A PRI X PR e R T — & Y IRXE. A
RG] N TARSRAE R AF A LR,

K5 FET ORISR

Fig5 Distribution of results based on sentence length

3 T4 RSGIIEIE

AW 5% Al MDrI-BERT 455 5 Xif A= 4 = 2% 3¢
BRIZ AR TSR <febEW, R, 25> St
s 2 gt 48 530 45, £ 4HidET
T 28 rh AN RN B 3 A . R TRAIE
TOU 25 SR ) TE R, DA T AR R T A
PEIEA T 53T o

x4 BNERENS
Tab 4 Category distribution of predicted results

eSSl Bt
NA 25594
D_NEGATIVE 9314
D_POSITIVE 1230
M_NEGATIVE 5256
M_POSITIVE 7136

PAgi¥) i 8 E (vancomycin ) A H|, 18
Guit kP, PG 7 Ok A BR T ( Staphy-
lococcus ) 5 HERMMEAER KRS D
NEGATIVE 2|, i@l #a R SCia I, il &=
W TR T R A BR A A R . WA 158
MNRT o OB ERE ( Staphylococcus aureus )
X5 &R R A AE A (M_NEGATIVE ) 1y
TS, SCRRRE RS R A, T E RIS
B R T35 7 T H A P PR 4 6 2 3K TR
(MRSA), {HZEAER, A T &R

G (R BKER, IR T R RO e (A
ERE PR I

ST e R e B DR A AR ™ i b 2 ) 21 AT
FAETE o ASCER X R R R 7, D BRI KR
T 30 I GLAEY) - 259 58 R T AfAT 1 % B Al ek
RIS TP A WM (D _NEGATIVE ) 1 5 #2Y
Y. @ (chloroquine ), %M ( hydroxychloro-
quine ), FELTFHEAK (ribavirin ) . #itZ 2 ( quercetin )
VLB (lopinavir ).

R T B UE T S S A E A, AR SCRAIX S FR
2 ) Fl SARS-CoV-2 £ C#1A], 7E PubMed %X
P e PR A DG SCHR, IR B B e R 5 1Y)
RITVER . 3% 5 R T X REFP 254 I — 45 35 F 3C
Rk, ELIZ SRR AL B 7E SCHRTZ 3 1Y I 4f SCHR A 2%
o HAER T A SO B LR pY p 45 R B —
FEMIEMPERZ AN, R SCHERIZ 4 7T APk
KT 2 B W = 2 SR B AR S R AR R SCAR T AL
WL A A F SN S E S Y N B/ =S SO EFS R
BOBaE, M @ RHIT I RCR o
4 g

HAT, KB EY - 259832 UF 107
Age, EauBEA R, MEmamRA 5T
AV SR AR, 75 L5 A OC
SCHk A S - 250 A EAE R R
ARSCI) 2 Hbr R SCERIZ I ik, SEEUNKR
AR S AE W 5 2 Sk B SRR YD - 25
KFR. B, RSN Ik bR Y
FOCER G AN ) AR, PR B T
SEARGEEXTFF IR, W SUAR B R Ak
—IeIE A . PSRN R, AR SO
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x5 HYSHEABRFEEEIERXRTINE R EEIE
Tab 5 Literature validation of drug-SARS-CoV-2 predicted interactions

25 BEA 25 5 e T RO W SCHRAR A PMID SRR SRS
S Review: hydroxychloroquine and chloroquine for treatment of SARS-CoV-2 ( COVID-19) 32363212 i
P s Review: hydroxychloroquine and chloroquine for treatment of SARS-CoV-2 32363212 i
MEFiHK  Ribavirin therapy for severe COVID-19: a retrospective cohort study 32712334 w5
it Bz & Anti-inflammatory potential of quercetin in COVID-19 treatment 33509217 &
ICHRE  Lopinavir-ritonavir treatment for COVID-19 infection in intensive care unit 32809882 &

W - YA EAE BT T X, FFEd AT
B AR T B g AR, MR 73T R
FIAS | A A i ) 8 R 2 ) B A 540 DI
ZERAL I A ) B2 SR P SR S A A i A 4 -
WA EAE AR, S Ab, I R SCHREG R 1Y
T AT BN (A Y - 25 R TRAIE, TIE
BT ASCHE R TR - 2590 2 T ik A 3K
P ARBTAE, 5185 AR CRPEHOE
R TLAR 2 (8] 5 R AR BN

=

[1] The Human Microbiome Project Consortium. Structure,
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HB = T S EANE AR S OB B H & SR R

IRE, A, B (ERERCEMRIAL LR ERZGEM, TR OISR, K 401147)

WE: B MR FEANFEABABAR B MO RN A BTN R H22 KT B AL 69 37
AR, Fik KRRAPRE Tk & LA R 5 e s e Fe B ANBY AR 5 0, 128 2 5
B k5 A gy B ATRAL AR — A, s R R RIS MR, 2
MRS, DR H22 R TAHBAR, K b RS AL afext B4, BB G 1
R, HEETTAE, LR KA RN ARK G &I A E AR R F, BR Oy
H) B oy Ae BANEY AR B AR SR A (1.0910.40) %, GHFHA (74.02+3.61) %, FHEZA
(308.6+35.2) nm, KEZBRMAZINLRIFORE L HA4E, BT, TR I E ARG
K&, mABENFRABAN R F RO D BB KRR AL, SRELE T QMIAHAN
o, A ENFERAFANG AR B RGN RO RE R, RARITFEF, Bt BFE
w6 5 e BN B T A RO H22 R T AAME M AR, A didit oy mEILE RIS A

KR FoFAMEY; B FE; A KA
FRESES: R445.1 XEkFRIRED: A XER/RS: 1672-2981(2022)12-2729-06

doi:10.7539/j.issn.1672-2981.2022.12.005

Preparation and in vivo evaluation of honokiol loaded ultrasound microbubble

WANG Jia-yu, LI Lin, CHEN Lin" (Department of Pharmacy, Women and Children’s Hospital of
Chongqing Medical University, Department of Pharmacy, Chongqing Health Center for Women and
Children, Chongqing 401147)

Abstract: Objective To determine the in vitro characteristics of honokiol loaded ultrasound
microbubbles as well as their inhibitory effect on the H22 subcutaneous transplantation tumor in mice.
Methods Mechanical shock method was used to prepare the honokiol ultrasound microbubbles.
The response surface methodology was used to optimize the prescription. General properties were
detected, including the loading capacity of drug, the encapsulation efficiency of drug, in vitro drug
release performance and ultrasonic imaging. The H22 subcutaneous implanted tumor mouse model
was established. The implanted mice were randomly divided into an administration group and a control
group. The mice were treated every other day for consecutive 7 days. The tumor growth curve of
each group was obtained and the tumor growth inhibition rate was calculated. Results The optimized
prescription of honokiol ultrasound microbubbled was obtained. The loading capacity of drug was
(1.09+£0.40)%, the encapsulation efficiency was (74.021+3.61)%, and the average particle size was
(308.6+35.2) nm. During the treatment, the tumor volume of the control group increased rapidly, while
the tumor growth of mice in the honokiol ultrasound microbubble group grew slowly. Compared with
the blank microbubble group, the weight of tumor in the mice in honokiol ultrasound microbubble group
were much smaller. Conclusion Honokiol ultrasound microbubbles can inhibit the growth of H22
subcutaneous tumor, showing good application prospects in drug targeted delivery.

Key words: honokiol; ultrasound; microbubble; in vivo evaluation

HELWH: HEHARBAESTTERAIEETIH (No.8180112007) 5 T o KR J5 JERE -5 AT iR (No.20180157) ; KT
LR BRI (No.2020YJQNO4 ),

EEEN: THEE, 5, Wid, 200, EENFYH RIS AT M AYIFSE, email: wongjiajia90@163.com " EIS1EE : A,
o, Wi, FARZHUW, EZFIGIRLG AT HIAFSE, email: clfxmm@163.com
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FEAM (honokiol, HK ) & A 2 RHAE Y
JEFN R B A SOEE RS, R T RRE 2,
HABR ., PiE . PURSEELEER . ek
Z ORI 3B, HK O B B A= 1 58 19 224~
HAWM, semlzlieE. 5. WS
b Jibes 2 M 0 AR, FEPTIMOR IR YT B EIE A
%, B—FhEA TS B N1 (B
IKEHEAL . G b il . MR . &Y
FIFHREZ:, AN FH 2 B 2 B 2

AR — PR ZG s ik IR R, A
25 e PE AR BB S A AR ISR, ARG TE
NI LT AR IR, (ARSI B i, SE
SCIRZS W AE B AR SRR ) SR A, R R I
IRIGIFTER . A KEVITIES, BIREME
HAWEBRZY . Bl ReEtts. &Y
AR DA R A )2 4 i S e 71,

AR ] 2 pE A — b ARk HK B it
( honokiol liposome loaded ultrasound microbub-
ble, HKMB ). & HK M#RIZ58), LIS Fis
WAE R —Fh 2Pk, B HK O ARG, &l &
HKMB, Kl EERe P 3z FE R 7 8 ) ol e 24
Y LR RICE L 2T, 3 A A S MR PN S
PRITHCHE m B2 . M/ N RS S RS AR AR
TEHY HKMB 7544 6T e AR K il FE R . A wf
80 HK YRR RT3t 1 B
1 UE5KH
1.1 (U8

UV/Vis-2600 55053 66 BT (H AR S A
F)); Sartorius A200S HLF2rHr K- (fEEFEZ A
Wiy wl) 5 DF-101S 42 $ e i g ) e i 2% (FF
MR TR A FRAF] ) ; DKZ-450 Y o PE R
PRkl ( LRGSR AR AR s
i (ECLIPSE 50i, HAJEREAT]); £
#7512 Wi Mylab90 (2 K Esaote 22 A ) 5 i
5 75 3 B .0 BL Fresco21 (€ [E Thermo Scientific
Heraeus ) ; FERE YA (LIFUAY, HERERE
KEFB AR T A, 5% 1 MHz, fEEEH
160 mm, FFHRAE 1.1 ~ 8.5 W N[ ),

1.2 #*%

HK (i35 = 98%, PH4 REFmptEa
FRAFE) ;s BEE (Lec, Fia4099%, EZEMAML
FRFNARAF ) s Hil (Gly, EBRINEIRF ) ;
RS (2FIELE, ElfAtochem 2AH]) 3 H22 4
Ji P R DR R R R 2 75 s AR S T st i 5 S50 K
gk, HaR o, etk KM/,
R (204+2) g, SAHEIES SCXK (#) 2014-
0003 (HERERI RS S ).

2730

2 FEEER

2.1 HKMB ##| %

210 FEMIE (MB) Bl & REGILER %
2 A5 o ®, FRBUE B Lee, Gly, A 0.5
mLPBS (pH 7.4) W, SRJIGH2EA TR AR £
EE AW T ZEA AR 2R, 50 CKB I
b 2h )5, MBRHE 1 min, BCAZKKTELL, 2000
remin B0 Smin, FEFZE, FERA 4 CHRAE
2.1.2 HKMB ifil#  PREGE & Lec. Gly #l HK
JEORIZY, $IE <2117 TR kS .

2.2 HKMB 470 #h %

PRI HK RN 10.0 mg, JHICK 2B
ZAES0mL )5, 43 E0.1, 02, 03, 04, 0.5,
0.6. 0.7 T5mL&Jfir, Jo/KOBEES, WE
W (A4). RIELIMAHEE, HK WK
WS R 294 nm, 1% Ab HoAtb 4R HK A
T E FEARTC M. LAWY B E X6 o e v
(C, pgemL ") fELIMERIE, SRbRfEZL R
A4 = 0.1216C — 0.0014, r = 0.9998, % W] HK{E
4.0 ~28.0 ng » mL " MO 5 R vk B R
KRR,

2.3 HKMB 4+ 5 fo# 25 %ty ] 2

B i HKMB IR E R, H 50% £ B e
ZKAE 10mL, 7E 294 nm A& HOEREME, Hit
BT HK &, 3RO A ST RS
R (EE) F#EZ5% (LE ).

EE Ea P Fr 2889 HK & # A HK
W ED . LERMIEH I HK Fie 5 Lec
R HE, $RE T AR

EE (%) = Wi ud Wik s X 100%

LE (%) = W i/ Wiee X 100%

24 B ST - O AT A
241 KWEAKVLITFMIEPR  HEHE Lec (X)),
Gly (X)) fENHZXS, AR SR,
3IAHEE, WK 1, B8 EE MIEM e

*1 EREHOEERAE

Tab 1 Factor and level of the central composite design

7k\/
SE S r

— 1414 —1 0 1 1.414
X, (Lec/%) 3 3.59 5 6.41 7
X, (Gly/% ) 40 45.86 60 74.14 80

242 SEERIFMREER SLE TR B Design
Expert 11.0.3 £ 5g ", DL 3 1 # Y Lec Al Gly 1Y
JKF-Hfil % HKMB JFi1H58 EE. EARSEE J5 58 Je 4G
R 2,

243 LA R F Design Expert 11.0.3 #X
fEEATIENA, DA IR () FIEMEE (P) 1
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Tab 2 Design and results of central composite design

ha=2 X, X, EE/%
1 —1 —1 28.73
2 —1 1 33.56
3 1 —1 39.15
4 1 1 57.99
5 0 — 1.414 23.77
6 0 1.414 50.34
7 — 1414 0 63.02
8 1.414 0 31.52
9 0 0 62.35
10 0 0 64.25
11 0 0 65.23
12 0 0 63.67
13 0 0 64.11

FREELH E AR, UL EE (Y) HPEM#EFR % Lec
(X)), Gly (X)) #1784, 52 EE (V) M
& Y = — 6530 + 4351.37X, + 75.38X, —
555.07X,X, — 19965.5X,> — 265.12X,> ( » = 0.9503,
P <0.05), Hrr$0.9699, P{HH 0.0001, i
U QL 2 A I = v e = e i P TR Pl 4
N, WL 1. BRI, S B A
M, A —dHEERE RS XA
5.65%, X, N 63.3%, FELIEALFRMT, WA G
EE B TUMAE R 69.14%., MAHC R r Al 01, R
=IO R LA AT IR R4, Iz
HA B EME, nE—ERE LIEMZm Y5 X, .
X, ZRIB KRR B5RFRY X, 1 X, %0 Y Y5200
F(P<0.05). ZEHLILE, ULHIZERIER A3,
AT 355 (1] )5 5 FE Xt HKMB i Ab 7 e ik .

Bl 1 ERA 3D O 1

Fig 1 3D surface of encapsulation efficiency

2.4.4 BIRUGGGE 5 BT I 0 e AL A T
Gly ¥ %}y 63.3%, Lec #¢J% 4 5.65%, il & 341t
FES, FEATSCI IS, 3 HERE S EE S2SF- 1y
{H (74.02£3.61) % SHE (69.14% ) w224
N, R TR e A A T SRR S P S AR A R R
FERAT. M LA T B LE M (1.0940.40) %,

2.5 HKMB K42 . #4004+ th 3 =

i ] PBS ZZ0hi (pH 7.4) % HKMB HE1 7
FRALER, SRAPRIAR AT & HKMB fpifs (I
2). HKMB i ki #2 & (308.6+£35.2) nm, #F
132 HKMB 1R E i 2] — 200 H 94 1L,
FHUE AR & Z vk, ENXNT 2hE, T&H
HED M HANIIE A . il 3 frs, 7] il HKMB
R AR A ST R LI BRI F0K

[ 2 HKMB JRiAL 54

Fig2 Diameter of honokiol ultrasound microbubbles

513 HKMB (R 5 i 434 14
Fig 3 Transmission electron micrograph image of honokiol ultrasound

microbubbles

2.6 HKMB # & E#F %

%% HKMB e M, R0t v ok 118
JaicE — R, T . 3. 5. 7 HEUREE
PBS 2 Pl 2 i e vl Hoki 42 ) EE . S5 5R 3R,
TE55 1. 3. 5. 7 H HKMB % W 19 ki 12 Fl EE 2
BB, 7255 7 H W%, HKMB E R
RIFTCI B AE, TEERPIDIE S . UE P& Y
HKMB HA R rfae k.

2.7 HKMB K 5B ik 3T

il BT S ARSI RO A R, %
LR A S HK ) HKMB H B TR o il
HK IR &K K% HE 5 mg i HK B R 2G, RE
T 0.5% 2 W L L7 4 Z KW )l HKMB 1R
B (2 RS HK B3t 5 mg), 40l 15 B AR
FALHEZH (HK + US 41F1 HKMB + US 4H) FIJG
BN FEZH (HK 4. HKMB 4H).

53 5 F HK + US 41, HKMB + US 4R &
W, NS, FCE T 0.5% T ket
B2 4% A 25 mL PBS ZZ #hii (pH 7.4) B9 HZEHM
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W R, BEmEEN2Weem °, TAE30s,
[El&K 30 s, TAEHFZE 4 min, EHAEENLHRG,
W BLZENR B TE I 37 CoKIRIE G 2 h, il
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B GEEE, T HK B9 BB E Bl . 2 5Pk
HK 21 Fl HKMB 412 A#Efr4sr, /e 3R un
FAACERAL, X AFE TG T AR, SRR
A B2 590 0 25 RS 0 o

Wik 4 fis, HK ZHA1 HK + US 26 iRl
WA WEES, WA ERA S HK JFR
SR T N . 5 HK 404, HKMB 411
YR RS, AR IS B R R R HK
WETHEY, OB AAE R LUER HK M
R B EA R, MM i I 5% 1T HK R i
B, ST A e R, 5 HKMB 411 24
Yk cth 640 1, HKMB + US 41 iP5 254
TR 5 B S TR, 7= A SRR G 174 i R
TER SR 9 mk, 2l HK s o b
Bk, fE259 i SRR RE R i . RSN
G 25 SR 26 B HKMB EL A7 488 4 % 88 73 0 17 < 1
FebE, Al VR S EROE Th 2 E RE
RS ELSR . I HAEB AL, 7E 24
h B R 240 HK ] LA HKMB il 571 H OB il A A
i, PRAIEZSIIRTT RO

Pl 4 7S Ak B2 AN TEE 7R AL HE ALY HK S HKMB (19 5 i ith 28
(n=23, xts)
Fig 4 In vitro release curves of HK and honokiol ultrasound

microbubbles with or without ultrasound (n = 3, x*s)

2.8 HKMB W K#E E %

AR AT 0 S S R TR AR S A ) — T
PRI, R4 S s Rt il DIAE i s A T
I RIZ Wi AT PR A5 B9 25 A R0E A HKMB
HPR M B R BOR, AR IR T E @S T HK 4,
MB 2 il HKMB 21 (7K #2880, A T34 HK.
MB Fl HKMB 14 {2 52 808 o B il £ 18 4% i) 5571
KPR E THE A 2 L, Sk ET#
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Fig5 Ultrasound images
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JEKE 0.5 ~ 1 em’ A NATRLEE . ¥ 20 H
far B2 N A AE I KM /N ERBEHL S0 4 41, B MB +
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TGIR (%) = [ (MB + US 411F) Mg it ) —
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JRITWIE], HKMB 41, MB + US 41, HK 41
() JiRg AR K b, 1 HKMB 4 US 41/ BRI
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SRR MEAEIER (LE 6). 5 MB + US AL,
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52N B R 2R R A, HA
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Ko /NEBTRBAEIREARINZ (n =3, xts)

Fig 6 Growth curves of subcutaneous tumor in mice (n = 3, x%s)

MB + US
K7 R

Fig 7 Photographs of removed tumors from the mice

HKMB HK HKMB + US

R4 RRZIEFT 24 h UEMEREMMEERKIEZE 0 = 3, L)
Tab 4 Tumor weight and inhibition growth rate per group 24 h

after the last injection (n = 3, x*s)

215 J¥hgd S5 /mg Jiegg A A 2 /%
HKMB + US 41 701.4+80.6" 3221
HKMB 41 935.5+£77.1 /
HK 41 885.9496.0 /
MB + US 4] 1034.1+£104.5 /

I (Note): 5 MB + USZIXfH, P < 0.05 ( Compared with
the MB + US group, P < 0.05).

RN A2 AR RN AT [l R Y DA o i
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T ELAR 206 o A e 52 e s AT A 52
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JEAE R I I8 AR % Dl ] (e B
P& HKMB #2558 5K, (U0 (1.0940.40) %,
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LA K HKMB S I A% 58 A A 16 4 1
Ji, HKMB ~+ US 244 /)~ B A6 B 88 A BUAHE o e 11K
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R 25T Bibrg 4R 4R Ab R, 24 HKMB £ ILIRAEER
s BRREAL, HnBEGE S e R, 24
YD R o, FE R R ) SR A L T
1 335 Y ) L R R A= 0 A3 (95,
Je8 2 2B 20 AR ISR ARt A B PRI T, TR T2
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Preparation of compound neomycin sulfate thermosensitive gel and its
treatment of recurrent oral ulcer

WANG Huan, LI Zheng-wei, YANG Meng, LIU Zhen-kang, YUAN Yong-fang (Department of
Pharmacy, the Ninth People’s Hospital Affiliated to the Medical College of Shanghai Jiaotong
University, Shanghai 200011)

Abstract: Objective To prepare compound neomycin sulfate thermosensitive gel, observe the
prescription screening, preparation process, physical and chemical properties, and determine the
content of dexamethasone acetate in the gel. Methods The rheological properties of P407 and P188
with different ratios were investigated to determine the optimal formulation of thermosensitive gel.
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Oral mucosa ulcer was induced by chemical method in healthy SD rats. SD rats were randomly
divided into four groups: blank group [without inducing recurrent oral ulcer (ROU), smearing normal
saline], model group (inducing ROU, smearing normal saline), experimental group (inducing ROU,
smearing compound neomycin sulfate thermosensitive gel), positive control group (inducing ROU,
smearing compound neomycin sulfate solution), After the ROU modeling was completed, the drug
was continuously administered for 20 days. The time from the occurrence to the healing and the
interval between ulcers was recorded and the expression of CD3 + , CD4 * , CD8 TandCD4 " /CD8 "
in the tissues or the serum of rats were measured. Results The optimal prescription was determined
P407 : P188 = 18 : 2. According to the optimal prescription, the blank gel matrix was prepared and
mixed with the drug solution to obtain the compound neomycin sulfate thermosensitive gel. Compound
neomycin sulfate thermosensitive gel effectively shortened the ulcer area of oral mucosa in SD rats, and
the ulcer surface tended to shrink after 1 day of administration. After 3 days of administration, the ulcer
area was reduced; after 14 days of administration, the pseudomembrane on the ulcer surface fell off and
the ulcer healed. Compound neomycin sulfate thermosensitive gel increased the ratio of peripheral blood
T lymphocyte subsets CD3 *,CD4 "and CD4 7 /CD8 " in rats with ROU, repaired the injury induced by
oral mucosal protein antigen, and promoted the healing of oral mucosa. Moreover, compound neomycin
sulfate thermosensitive gel showed better therapeutic effect than its solution. Conclusion Compound
neomycin sulfate thermosensitive gel can effectively promote oral mucosal exfoliation, promote the
healing of erosion and ulcer and shorten the healing time, with a good therapeutic effect.

Key words: compound neomycin sulfate; temperature sensitive gel; recurrent oral ulcer;

dexamethasone acetate; pathological observation

8RN ER % (recurrent oral ulcer, ROU )
SR IR e i WL SRR 2 —, iR T
A, BRI RZ N 20%" . ROU £ BN I & L AEH
AN E £ I BV R 1 s sz, Aty
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T PES R IR . H W RE R AT RIS AL R &
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1 B R R A BRERES . S BFIE 25 anig
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53 HRENS K i[RI RRLR AR 48 25 UK IARYTY ROU,
AT EM KT — PR, FLEAT R AR AR,
FEN T EIREE T RO BCAEEROIRAS, ZERNAE O S 7
TRASTIAL, BERS 25k B AR HLC B TR 2 Rt
24, RGPS N S RRR AR B , BIHGE T .
1

1.1 L&

T OB AR %A (F04% LC-10AT %%, SPD-10A
LHMGIM #E . CTO-10A HEJRA, CLASS vp i T
YESG AT SCL-10Avp ARG, HARSHEHIMEN) ;
i 25 {2 ( Bohlin Gemini, 5 Gemini 2); FA-2004
HLFRF CRSEE: 0.0001 g, FHERGRIRPEALES ) 5
5804R 7l = Ve Vg 290 HL (32[E] Eppendorf ).

1.2 ik

MBI RRIE [ A6, FEMRRIIER
(EZEE 0.5% ), BERRHLIERN | SRk e 7|
e RE, VKA EHYAH N, fits: 20201209];
1A % Vb W} 407 (P407, 15 [E BASFA A, Hit5.
WPCTS09E ) ; A i#% 70 1 188 (P188, 1% [E BASF
N, #S: WPOOS65B) ;s LG, HEE ({0
4fi, Fisher A ] )5 3 et in (i k=9
BHEARAR]) 5 SRR SRS (T E
A A BRAE]) 5 BER (BTN IR B I R R
FRANE]) 5 1640 FigRdt (RIUZEA/RAEYRHEA R
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32 HUSPF 2% SD KR, HEPE, fRFTE (200420)
g [ [ sgil KAz e 2g B w4 U R R B S 56 34
Huls, @HFATIES . SYXK (7)) 2016-0016].,

2 FHiEEER
2.1 EBFHBIEF RS RA T %

P407 F1 P188 AL # 4 RE ), AWF5
BEH P407 A1 P188 il £ R BUBEIG . B e o TS
7] A6 P407 (18% ~ 20% ) F11 P188 (2% ~ 6% )
TEAN RS54 il 28 i R A M ) o AR PR RE, IR
SE T ARARIRE T A0 IR 37 °C R R A A
ol As 2t 2, e A bl e 3 Hhm Al
AL TS, DA S A A AR AR IR

SR FH ARSI 7 52 5 B R T 5 2R I B I A
i IR A A 28 FEAIR RS M6l 7E £0.1°C
N, AR IR EE R E N 1.0%, 4/20 mm F4, Gap
0.5 mm, M % 43 B A fb DA 25 °C FHIl &2 55°C 1Y
AR EM LS, BGWR 0.5 Hz, FHERHEE
5C *min ',

M T ATLUE Y, AHARRE G T P407 Bk
BE, P407 MRS, GRS &SR AL, i
P407 ¥k BERCARRT, 2 A AR AR T 7 2 B TR R A s
[E % P407 BYMREE, JIn A1) P188 BV XAH A i
FEPA AR, H P188 Sl , AR
I BE R = . FRATTZE A BRI IR . A
AR K B, e AL T o P407 : P188 =
18 : 2. ARJE R th I BE R R i /i R
2, AR RAS I an &l 1 B .

*1 FEESEH P407. P188 MRS EEIN

Tab 1 Effect of different contents of P407 and P188 on

rheological parameters

P407 : P188 ARASIREE /°C RHEE /nPas
18:0 24.2 19.93
18:2 315 3.21
18: 4 35.8 0.25
18:6 40.1 0.22
19:0 22.7 24.38
19:2 28.5 16.73
19:4 33.0 0.27
19:6 35.8 0.21
20:0 21.3 28.33
20:2 25.6 21.40
20: 4 30.0 13.52
20: 6 315 1.14

MR AR 2R, & 7 i 5 R IR s 7E
33CHYAAEMAE, ZhEBTRE. IERTH
P407 : P188 (18 : 2), “FIJMARIEEE A 33.1 C,
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P AR AR 2
Fig I Rheological curve of the thermosensitive gel
2.2 BTN B R IR AOR R H %

Wb T (1 P407 T P188 A K S Tk T
4 CORMIR M RS 13 2128 FBEIFER (95.4% ).
Kiipa R (0.5% ), HRIKE T (0.5% )
PR ZEKAR (0.025% ) FE25 i A E K EF Y
25 H B EE T SRR K R 22 1 25 oy
K (1.0%), 4EEZ E (0.5% ) LK By
(0.05%) MMAZEE (2.0%) . fen,
il 55 2 YIBE A BITR& Z B W0, RS E
TTRRIR TR R IO . IR T A, 4
W2, MRS,
®2 EFRBAERESRRPERMERNNEE 0 =06)
Tab 2 Content of dexamethasone acetate in compound neomycin

sulfate temperature-sensitive gel samples (n = 6)

EiR=2 6 T b SRS B i /% RSD/%
1 0.025 2.1
2 0.025 1.8
3 0.025 0.98

23 BV RMBRHELZARTEBEEELRRSEN
kL
2.3.1 s @A Hypersil ODS-C18 (150
mmX4.6 mm, 5pm), HEE-/K (70:30) MK
A KK 265 nm, AEIR25°C, W 1.0
mL * min ', PFFEE 20 uL,
232 FIRAYHED

O BE AR ECH] . A BRI g &7
PR o A R IR AOEE I, AR B 2 100 mL &= il
H1, 10000t * min ' PEFEES.L S min, B 1 mL I
HWT 10 mL &b, HH BRI,
PR AT

@ X B  W  BE ] . RS % B 5.0 mg i
T s SE KA X R, Y P A A B 2 50 mL
HH, 15100 ug « mL A ISR
233 ELEEIUE  BOM R SRR R v O
0.45 pm FLUERET g, SEREREIN, 0k,
UL 2. MNEIH AT DL H i R b FE KA R 4T R
U, A R PR v g At YT T P b DK A
WA T, RAMSPIEL BRI
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Fig2 Chromatogram of dexamethasone acetate
ALK B (standard ) 5 B. fit 3 5 (sample ) ; 1. fiff B2 Hb 58 K
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234 KEEE OEU“2.3.27 TR A% IR A TR,
2 2317 Wi g EE I 6 Ik, FFid sk
WETAT RN, 45 FL 0T AR RSD 1B M 1.4%, £ 8
F% AT

235 EmEM PATHECH 6 (R T i e R iR
BER ORI, PERRIRE . 25 SRS TR H ZE KA
i RSDE N 1.8%, RIZIkEE MR
2.3.6 IFERISGRE:  REEEEUL. o 3 AR
F14 T T 3t ZE KA S B BB ACE) 10 pg e mL ' Y
FESLAWR, FEREIE , THERICRFI RSD(E, ik,
L 3 MR RICR R (101.942.6) %,
(100.4£0.95) %, (101.5+13) %, RSD4r %l A
2.1%. 1.7%. 2.3%, £WZFRaE 5.

24 HWMEFILE

24.1 FPSCEREIEIE fH 10% KA S
AR R ORI % A BREA TR (3 mL = kg™ '), P
35% A UK BRI VRO R BRI s PR Al A 1 R0k
A EBU AT BUEAR 1 om IR, B
—Uidfi ARRAE R DABT I 0B s, 0 — Ui FH VKSR
VR RS, SR JE R SR B — i A K R
WIEEGE, TR 1 min, 48h/)5, WEEI KR D
FEREIE P B 8. 20, M. " R IR
PRI A HARE AL ) AT SR AL R 100%.
242 SreHTEM ¥ 32 5 SD KREFENL N 4 4
A (RNiFE S ROU, KB ELK), A
4 (S ROU, BHRAHIIK), LKd (5SS
ROU, N & J5 i I 47 85 R IR BOBE I ), BH A XT
M2 (5% ROU, RIKE T HSHEw). 5¢
MRS, ELE%2Y 20d, &5 1 R%24 30 min
Je, ABFERER . SERIIER K R T R, B
@, KRS RN, 82 Hid%® 11k
KRR R BIm LS 1, 3. 7. 14 Hitz
TR, R RO 7505 A9 B AR E A
iz K A 2 A s ]

243 KREAER SRMEARE S8R, KEEE
fif o, PR, EAELr, HEEIER, KRR
T, RITEIG K SR REUAREHRS, PR,
KEARIE, WS, SPRUKBARERD, &
RIS 48 h ), KT IBEEEY H sy,
HAE 4~ 5mm, EEIZMEIE, HIempg, &
M, HIEE. BUmilgsui. Wik, &%,
WEIS AR . WIS K, WK PRI

244 FHKRROBETZNAML ALK
B TS PI  fs BRE  B AL , Bim IR R
R m K A0, JHREHLUKM e, MR
R, BB E, SR ~3d)E, BEm
I EARY o ASTRI 259 Ab B 20 X6 11 s 5502 1 FHLTY)
MMZE R 3, SLIRALAZG 1 d)E, Buzma IR
gikad; Yh253 dJE, BTG BRI 5,
HRGE/AN; hE514d)5, BB E, B
IR /N, Bzt G . SRR,
SCIRHZAZEEE 1, 3. 7 Ml 14 Histm 4 5394
Giitsei L (P <0.05, P<0.01),

%3 ARLEFXIAROESEERBENE (mm’, xts, n=8)

Tab 3 Effect of different treatments on oral ulcer area in rats (mmz , Xxts, n=28)

215 LRIl ¥ 1H %3 H % 7H %514 H
AL 12.704+2.12 13.484+2.07 14.42+1.95 10.78 +1.83 3.0240.59
SEH2 12.72£3.01 10.734+1.98" 7.03+1.83" 5.93+1.56 0.33+0.15"
FFAA X BE A 12.71£2.85 11.79+2.05 10.69+£1.74" 6.41+1.28" 2.041+0.39

T SEMAMEL, P <005, "P<00L,
Note: Compared with the model group, P < 0.05, “P < 0.01.
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245 HLURPIFHEE 45257 d)E R 2
H SDRRALSE, BUREFIE T EZN KRR T TR
W% TR G A, SRS FH AR BRER K BE AT ok, FH
[T 5 V5 AR 61 S A I A8 R T e, B Jn AE ot
2 D AUEE T WS 0 B2 0 P 48 ) AR 4 P A4 L 1) 2
MBI

BT dE, BRI R L R B
e, X R BRI Rz Py RN TR K B, R
W, Bz A KRR AR, 400 N A48 i
B, RSN I A i, 4niE SR
W, AR [ E e R A . R AR L
R B L 2 AR R . i 4 i ™
HARIEH] . 25 2 D I |- i )2 . SRR
FE A MW, G553, BHPE Ik O g f A ek
PN LR, OEBUE A H AW, T
INBE. SEEGZH O e IR 2T K i A8V | B i it
W, PrERARMIRIE, O A 4 A
A, WIS T, 2R ILE 3,

B3 AR AL 2UE ( X200)

Fig3 Oral pathology of rats in each group ( X200)

A AL (model group ) ; B. %5 FH4H (blank group ) ; C. FHAEXT fitt
21 (positive control group ) ; D. 55340 ( experimental group )

2.4.6 TR AIMIHT 4425 7 d e WSS K
FROHR I BBt , i YR AR % $ B 7 1640 K537
FehREgE O MAE MR, Mk E 2X 107
A emL ', SRISEAYE 100 pL BEFIA CD3 T
CD4 ", CD8 "Z kR mbiil, 1EmEGHYPAE
TAEVK EIFE 20 min, & BRE T U4 e
ASGHA TR

525 AR RAHEL, BRI AL i T bk EL 20
Jio 7 7 CD3 . CD4 " 1 CD4 T /CD8 ' [ {H 1E 4
257 dJE I BIEL (P < 0.05), ROU K RU& P
RESAT, BRI R T B AR i T . A
RULH AR H, S 56 26 R0 BH P o BE 2 41 78 it D3
CD4". CD4 " /CD8 " I 1l ¥ A A A 72 B T+
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(P <<0.05). SBHMEXSRRZAALL, SCHLHAME i
HiCD3 ", CD4 "H1 CD4 " /CD8 " L 51 i 3
(P <<0.05)(W3k4), SHGHREN], IR
w2 0] MBS DR AU a0 ds i, 2
HHEFER S, 1697 ROU, HE MR HER
T ORE I R T R B B 2 WA S AP BRI T RICH,
F4 THEAMITEHIEREDN (0 =8, %, xt9)
Tab 4 T lymphocyte subset index value analysis (n = 8, %, x=*s)

2159 cD3* CD4 " cp8*™  cp4*/Ccp8”t
ZHA 60.6+2.1 502423 214428 23+18
RV 52.8+1.9° 42.9+3.0° 197424 22+13°
S 69.3£2.2" > ¢ 60.7£3.0" " 225426 2.7+1.2%"°

FEPERTREZE 67.542.1%° 546429 ° 221420 25+15%°
TE: HEAEMLEE, P <0.05; SHEIZMLL, P <0.05; 5
PR XS BRZEAR L, P < 0.05,
Note: Compared with the blank group, ‘P << 0.05; compared

with the model group, "P << 0.05; compared with the positive control
group, ‘P << 0.05.

24.7 it A B SPSS Statistics 23.0 47
TR b BRECHE, B DL Y £ AR 22 3R
N EAS R T 2208 (ANOVA ) JH T I8 4% 4,
Bonferroni K 56 F T~ 21 [0] Bic X b3, P < 0.05 3%
NESEASITFE
3 it

BB E R AR ER . R E
KA AT T iR EEYA R, H
TFIRIT ROU, TRl ds 2 e — M ad i 25 b
25y, HA RGPTRIEN, [HRHe gAY
IRITE B S, H AR T
ROU R, fef ek Btm ma, K
i, A RORIRITRCR Y iRk e ® 7ok
AR ST, 2T RRREE . JREs 1w
1EFE L R 5tz W67 Y I I L ZE KA e i
Bl T R Al 2k, (R E S,
A 2H R S A T R TR AR 1 iR
E B R A LA AT 9K, MERE MR A S
EER, fEitmtm A s KA R BRI, H
HA R IEEEM, JRaefedt O 26 B i,
i w9z AR R T A4 U2, P407 1 P188 VE BRI
FE AR, B A2 AT
HeFER B P407 (15% ~ 30% ) HA BIFMSE R
YEF HEBAT B i e o, 7RI 2R A4 T B mT
BEIE Ry 2 BAR A, I AGE & 1Y P188 18 1 AH AR
RIE, P407 F1 P188 1R G il 25 M BE S H) A A & 4
PEERE S, BES A RURRAR A 25 8L, W42
i, $EE R ERMNE B, BT LIRS R P407
H1 P 188 1F Sy ik it H& J5 >k thil £ 52 1y Wk I 8 25 2R ik
TIOEEI
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ARG LI SRR g, FHPEXT R4 S 5
6 20 0 15 T R XS S DN, I A A R
TR U6 O Bz A A B 2R EA,
H B0 T PHYEXT BR 2, ZH U ) B 4% SR 5=
BH BH X B2 R S 2l b e A i & B, Al
B b Rz AP K Al K b . BN sk A
I LA PN R K S A ks, A AT ETR:
Y /0. ROU A R P Ha 88 0 iy, 5 45 10 41 A4
M, SZEGZH . BT BEZH AN I CD3 T CD4 ™,
CD4 " /CD8 " FL{E YA AR TR, Hocuhd
Frm R LR R R, &R E R
B IR AR I B A M K BT s Tt 92 Ak ) S
K, ik bR g A K, I A0 A
RENS 1B O s B (P RO S RO i, (Rt
EEFEIRALS , 1AYT ROU, HE TR £
RS R B B R A B IR TR

X F K B ROU A O 5, AR FFF 5T 3k
BT R IB A, %3580k M B s Ak
AL R s AL, AN IR AT B T s R iR
BERS I 253024 S0 o AR E . TR, B
PN V-4 SN A5 e xR | R e
A AN K 78 i 2 £ Al B BSEA 1) BRARRAE RT3
BB 2L, BUA AR YT 5 X N ZRAN TR
P BRI T LR K225, IR KRR
T PR A0 755 R TR ASABL N S 11 s 1505 s R 5T
BAWGKRE X, BRibzah, FA1E, XFHE-—Ht
K RIEAT ZUGE B, 23 B 5 TE R I
Vot d7 T AN RN EL RN 45 /0N | A s ] 4 e A P 4
R R R AT R R T UGE SR S, A
Je FLH 2% i AR B T SZ R AR e T, S e Pt
7 ROU BYBIFFE I8 ] 2R FH HC At v 45079

HAT, I PR A FH 2 R R B R TR
FE ARSI, A vk R 2 A T
Ikl , BGRE, R S R, 1EH
Bf e A, ok Frsefa g il 25 W 1E %
1, XF S A LT AR, X KRB
THAEHAR . R T 5 IRELAE NG R o A e 1)
BOE AR, ANREANL T E R =
RO o IR P AR B I 5 I VA OIR S, T
AR E A E, MW E D EBEAL S,
P T 0 A A BRI P T % A e e, R 2R AN ST
I S E R e Y SR A TR NG R DV €}
R b FE K 25 W (VISR 25 ) 15 22 54 1 B

T, $EENAITRCR . RIS T 4h 255 vl DA s
(IS M AE R A A2 R B, B REI /D 45 25 IR
B, KK T HRE W67 i 1

=

(1] P, 29305, BURWT, 5 . BT SCHRBURZ I 2536
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B E LR AT o BRI B EIE R

EAua' p g B, WHEE, F48', MAEL, FFL’, FAN (L ke, o
BEbR 541190 2. PPN F19A K b ERRE B PO RIIRSEIF . TR T R RS SR S S s, U RRAK
541006 )

WE: BE AR RAT R BN AT WAL T RS R L34 o- 3] AR F B0 EH, FiE R
JA#EJZ . Rp-18. Sephadex LH-20 % 4% &4 7 i 37 B4t £ B4R B AL 3 8, 0 AT 2 B 44k,
R TEACHE i B o RS A S W 25 4, FEUR JE 3T o- 3] B AR BRI B BBR O
RAZRB T 2 BRE S AMMCEY, 2HEZAEEF (1).6, 7, 3, 4-WHERLER (2),
FERE 3). BAERF W), EWAE (5). 4 FAEFHE (6). 3, 2', 4- =5k 4-FHRAE
& F & (7). 8, 3'-dihydroxy-3, 7, 4'-trimethoxy-6-O-3-D-glucopyranosyl flavone (8). 8, 3',
4'-trihydroxyflavone-7-O--D-glucopyranoside (9 ). 7-O-f-D-glucopyranosyl-5, 3'-dihydroxy-3,
6, 4'-trimethoxyflavone (10 ). (Z) -6-O- ( 6-O-p-coumaryoyl-B-D-glucopyranosyl ) -6, 7, 3,
4'-tetrahydroxyaurone ( 11). cycloart- (23Z) -ene-38, 25-diol (12). A& R & (13). (22F) -
ergosta-6, 22-diene-3f, 58, 8a-triol (14) #= 5a, 8a-epidioxyergosta-6, 22-dien-3B3-ol (15), 1k
EW T, 8 A 11X - A AR W 0I5 13.6%, 30.1% H1 38.6%. ik a6,
8~9, 12~ 15 A B RAZRBIMM T 2 B2, el T, 84 11 ZEATE KT 2T a-
W BB R IR S, A A TR B AR E

KW : A BAE; KFRS; o F HETE

FESES: R284.1 XEkARINES: A XEHRS: 1672-2981(2022)12-2740-07
do0i:10.7539/j.issn.1672-2981.2022.12.007

Chemical constituents of Bidens pilosa and their
a-glucosidase inhibitory activity

JIANG Li-hong', ZHANG Sheng-nan', GONG Gui-fen', LIU Cai-ping', FANG Juan', HE Dong-yi',
PAN Zheng-hong”, TAN Qin-gang'~ (1. Guilin Medical University, Guilin Guangxi 541199; 2. Guangxi
Key Laboratory of Functional Phytochemicals Research and Utilization, Guangxi Institute of Botany,
Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin Guangxi 5410006)

Abstract: Objective To determine the chemical constituents of Bidens pilosa and their inhibitory
activities against a-glucosidase. Methods The chemical constituents of Bidens pilosa were isolated
and purified by silica gel, Rp-18 and Sephadex LH-20 column chromatography. Their structures were
identified by physicochemical properties and spectral data. The inhibition of those consitituents on
a-glucosidase was detected. Results These compounds were identified as scopoletin (1), 6, 7, 3',
4'-tetrahydroxyaurone (2), sulfuretin (3), maritimein (4), butein (5), butein-4-methyl ester (6), 3, 2',
4'-trihydroxy-4-methoxychalcone (7), 8, 3'-dihydroxy-3, 7, 4'-trimethoxy-6-O-B-D-glucopyranosyl
flavone (8), 8, 3', 4'-trihydroxyflavone-7-O-B-D-glucopyranoside (9), 7-O-8-D-glucopyranosyl-5,
3'-dihydroxy-3, 6, 4'-trimethoxyflavone (10), (£)-6-O- (6-O-p-coumaryoyl-$-D-glucopyranosyl)-6, 7,
3', 4'-tetrahydroxyaurone (11), cycloart- (237)-ene-3p, 25-diol (12), ursolic acid (13), (22E)-ergosta-6,
22-diene-3B, 58, 8a-triol (14), and 5a, 8a-epidioxyergosta-6, 22-dien-35-ol (15). The inhibition of

ELWE: )V AAREES W L H (No.2020GXNSFAA259001 ) 5 7 VG #1 4 Ty & 4 J5 F 5 5 1) T 2 o5 52 56 =2 TR0 (No.
FPRU2018-2) ; [HZZI A A BIML I ZRiT-1) 5 F (No. 201610601011)

EE B B0, Lo, W, EENERRGYLEDISE, email: 3524269159@qq.com  ~EIS1EE: BN, 5, ML, #
B, FENFRIRAYZEIISE, email: qgtan@glme.edu.cn
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compounds 7, 8, 11 against a-glucosidase was 13.6%, 30.1%, and 38.6%, respectively. Conclusion

Compounds 6, 8 ~9, 12 ~ 15 have been obtained from Bidens genus for the first time. Compounds 7,

8 and 11 show weak inhibition against a-glucosidase in the ELISA in vitro.

Key words: Asteraceae; Bidens pilosa; chemical constituent; a-glucosidase

Y& B ( Bidens pilosa ) N4 %} ( Asteraceae )
WRETRE (Bidens L.) HHY), FEFRESHIX 5340
2, ZAERKTFM. B, B, iy Rl H (]
U REMECONIRE R HRIAZ, B EIE
FRCRSTE LAY ZIRL, IR 2 TR . I8YS .
BE . RIEEY, MgAREZ BRI AR,
W ORGSR IR YT I G A R | WA R L X
WG AR ), BRI R, A &
WA EME ., KNRE, RIREL RS L
Ry, Hoh B2 il & 2 AT e m A i
FEAROLST, BA RN B, 5t
g RPFBESEER Y o T R AT RS A
A RUFAEYNGE AL E S, AT H R
Bty TotsE, DOZAEY L b3 o 4oy 15 2
15 MEEY, nlsE RS (1), 6, 7, 3,
4- PURREASTR (2). fEsR (3). A H (4).
SHE (5). 4 WEIEMEHE (6). 3, 2/, 4-=
L 4- WA ER (7). 8, 3'-dihydroxy-3, 7,
4'-trimethoxy-6-O-B-D-glucopyranosyl flavone (8 ).
8, 3', 4'-trihydroxyflavone-7-O--D-glucopyranoside
(9). 7-O-B-D-glucopyranosyl-5, 3'-dihydroxy-3, 6,
4'-trimethoxyflavone (10) ., ( Z) -6-O- (6-O-p-couma-
ryoyl8-D-glucopyranosyl ) -6, 7, 3', 4'-tetrahydroxy-
aurone (11). cycloart- (237 ) -ene-3f, 25-diol (12),
AEIRR (13). (22E) -ergosta-6, 22-diene-38, 383,
8a-triol (14 ). 5a, 8a-epidioxyergosta-6, 22-di-
en-36-ol (15)(AN &1 1), H P H6, 8~9,
12 ~ 15 R IZAEY o AR B bRk e
YR, A 7. 881 11 X a- B AR A 4
SSRIRTE T, oAb ib A4 0B A
1 &

Bruker DRX-500 (500 MHz ) #% # 3t i {X
( Bruker, i) ; UPLC-IT-TOF % i i 13 Ik FH A%
(AR EHIVERT) 5 ez kAL (iR AL
ERT) s ZHSAIMY (ZF-2, BT L5H T
{X#%)7) 3 Tecan Infinite F200/M200 % £ I it fifihx
I CEER AR A RA R ;. HE GEE
AT RS (200 ~ 300 H, HSHEEHEAT) ) ;
i 8 BH BE I Sephadex LH-20 (% Mt Pharmacia 23
A]); Rp-18 (10 ~ 65 um, fHE[E Merck A ] ) ; /)
L A% i (MCI) CHP20 ( H 7K Mitsubishi 24 #] ) ;

K1 LB 1~ 15 14y

Fig 1 Chemical structures of compounds 1 ~ 15

10% BIBRER - CBER AR, Bl h . iR R v
W (AU REERHEABRAF) 5 o- HE
([ Sigma/AH]); 4- FHFERIE a-D- M IR 7 2 A
H (R Tl bRt

JEFE T 2018 4F 10 H R A U144 4P K B,
PR PR R 24 B 25 5 R B2 5 78 R 24 B VR 1 v s
Y955 ( Bidens pilosa ) 1M &85 #HY)
FRAS (FEUESR S Tbp-18) AFHL THEMEE 2B 2524 B
SEERHEERL
2 RESSE

BT HR R AT BT 10 kg, By REJS T 5 f5 & 95%
PSR R R 3 K, BRR 7d, AIHRIGR, W
FEVRAAAHRTY 537 go R ZBAK L, x5
IRFUA A 4 RIS ATMEEROL 290 g, LRZ
BEAEH S Uk, [RMOAFIS LR CBRRF 117 go

TR CBEFRA 117 g 48 MCLAE JZ B (H i,
75%—90% ), 156 M 1 ~VI, 1 #amtii
(S W e/ HEE, 30:1—4:1), 185154
4y 1-1F01-5%4 Sephadex LH-20 ( 1) Jf 8
ghih (LFROER) it B41 (40 mg) 15 (7.0
mg); I-7 % Sephadex LH-20 (%) 5153 8 4
Wy 1-7-1 ~ 1-7-8, Hrp [ -7-4 Lkt (545 /
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P, 7:1,2:1) BEWSILEY2 (32mg);
I -12 ZrEfcAE 20 (05 /B, 16:1, 10: 1,
8:1, 5:1) Yeft, Ma 1244 m1-12-1~1-
12-12, Hdr T -12-54 Sephadex LH-20 ( FIfiz ) 194k
W11 (13.7mg); 1-12-9 ZrbeH: (G407 /
8 : 1) Mi/A4 Sephadex LH-20 (H %) #f— 4l
AL 9 (5.1 mg); [ -13 RIEAMRERHE (A
5 /W EE, 10 : 1) PEMAr 25515380 5 e, H
W 1 -13-5 4 Sephadex LH-20 () g il (4
fil) f44b 598 (7.4mg) F110 (43 mg); 1-15
ZEM (EA5/HEE, 8:1, 72:1, 5:1) ¥E,
1538] 6 4y, Hirp 1-15-2 4 Sephadex LH-20 ( H
i) 1k EY 4 (44mg); DL (A
15 /TR, 1:0—2: 1) BREEVEARE] 10 MR-
-1 ZRERCH: (f e / PN, 50 1) SEREvRI S
P25 Sephadex LH-20 (H[iE) 134L54 7 (40 mg ) 5
-6 ZRERCAH: (friifk / NER, 5:1) B EHL
Sephadex LH-20 ( i) 194654 3 (57.8 mg ).

BT A 290 g, ZREMCHE (i / PR,
1:0—1:1) 141044 {n Fr-1 ~ Fr-10, Fr-5 41
34 MCI (90% HIEEEZK ) Yeit, 193] 6 45553 Fr-
5-1 ~Fr-5-6, Fr-5-2%¢ Sephadex LH-20 ( Fi[i% ) Ji5 1
ZRERCH: CAImEE / TNED 8 - 1) 1S4k&¥ 15 (7.1
mg ) ; Fr-6 2 MCI (90% HIs ) Yo 28 Rp-18
FE (80% — 90% M) BHEEVENL . Sephadex LH-20
(HEE) 54654 12 (4.8 mg) F113 (3.8 mg) ; Fr-
7 ~ Fr-10 &34 MCI (70% — 90% F s ) | FEMCH:
(fr Mk /B, 6:1, 4:1, 2:1) FI Sephadex
LH-20 () 5159 6 (494 mg); Fr4 R 2
A SRR TR SRR CAThEE / 4R TR,
6:1) 153454 14 (9.0 mg ).
3 LT

L& REABIRE & (LR TR,
C,oH;0,, ESI-MS m/z 191 [M — H] . 'H-NMR [500
MHz, (CD;) ,CO]: 63.90 (3H, s, OCH;), 6.17
(1H, d, J = 9.5Hz, H-3), 6.79 (1H, s, H-8),
7.19 (1H, s, H-5), 7.84 (1H, d, J = 9.5 Hz,
H-4); “C-NMR[125 MHz, (CD,) ,CO]: 6 160.8
(C-2), 112.8 (C-3), 144.1 (C-4), 109.5 (C-5),
150.7 (C-6), 1513 (C-7), 1032 (C-8), 1454 (C-
9), 111.6 (C-10), 56.2 (OCH;). LI b ##i5 X
kP A HE AR B, R A 1 R,

&Y 2. B AR, CsH,Os ESI-MS m/z
285[M — H] . 'H-NMR (500 MHz, CD,OD): &
6.70 (1H, s, H-10), 6.72 (1H, s, H-4), 6.86 (1H,
d, J = 85Hz, H-5'), 7.18 (1H, d, J = 8.5 Hz,
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H-5), 7.39 (1H, dd, J= 8.5, 1.5Hz, H-6'), 7.61
(1H, d, J = 1.5Hz, H-2'); "C-NMR ( 125 MHz,
CD,OD ) :6149.4 (C-2), 1853 (C-3), 1163 (C-4),
114.7 (C-5), 156.1 (C-6), 131.4 (C-7), 157.0 (C-
8), 116.7(C-9), 113.6 (C-10), 1265 (C-1'), 1194
(C-2'), 146.7 (C-3'), 148.0 (C-4'), 1169 (C-5'),
125.7 (C-6')o DA A5 30k ' p R 8 F AR —2K,
WS EB Y 2 6, 7, 3, 4- TUFERILRE
&Y 3. EgEHR, CHOs, ESI-MS m/z
269 [M — H] ., 'H-NMR[500 MHz, (CD;) ,CO]: &
6.62 (1H, s, H-10), 6.77 (1H, dd, J = 8.5, 2.0
Hz, H-6'), 681 (1H, d, J = 2.0Hz, H-7), 6.93
(1H, d, J=8.5Hz, H-4), 7.33 (1H, dd, J=38.0,
2.0Hz, H-5), 7.56 (1H, d, J = 2.0 Hz, H-2'),
7.60 (1H, d, J = 8.5 Hz, H-5'); “C-NMR[125
MHz, (CD,) ,CO]: 61482 (C-2), 1824 (C-3),
1264 (C-4), 1122 (C-5), 166.5 (C-6), 99.4 (C-
7), 1689 (C-8), 115.1(C-9), 1134 (C-10), 125.6
(C-1'), 1165 (C-2"), 146.1 (C-3'), 1473 (C-4"),
118.7 (C-5'), 125.7 (C-6'), LA b %d 530k 7 iy
REEA L, e A 3 AmBEEER.
& 4. AR K, CHyO,, ESI-MS m/%z
447 M — H] . 'H-NMR (500 MHz, CD,OD): &
3.47 ~ 3.61 (4H, H-2', 3', 4', 5'), 3.76 ( 1H,
dd, J =120, 5.5Hz, H-6b), 395 (1H, dd, J=
12.0, 2.0 Hz, H-6a), 5.03 (1H, d, J = 7.5 Hz,
H-1"), 6.80 (1H, s, H-10), 6.89 (1H, d, J= 8.0
Hz, H-5'), 7.17 (1H, d, J = 8.5Hz, H-5), 7.29
(1H, d, J = 85Hz, H4), 738 (1H, dd, J =
8.5, 2.0 Hz, H-6'), 7.58 (1H, d, J = 2.0 Hz,
H-2'); "C-NMR (125MHz, CD,OD): §147.6 (C-
2), 1855 (C-3), 1159 (C4), 113.8 (C-5), 153.8
(C-6), 1344 (C-7), 1562 (C-8), 119.7 (C-9),
115.7 (C-10), 125.5 (C-1'), 119.3 (C-2"), 146.8
(C-3'), 149.7 (C-4'), 116.8 (C-5'), 1268 (C-6'),
103.4 (C-1"), 748 (C-2"), 78.6 (C-3"), 71.2 (C-
4"), 77.6 (C-5"), 624 (C-6"), L I %d 5k ©
HOBE R A, MEEEEY 4 MR
k&Y 5. EAH K, CH,0;s, ESI-MS m/Az
271 [M — H] . 'H-NMR (500 MHz, CD,OD): ¢
6.32 (1H, d, J = 2.0 Hz, H-3'), 6.45 (1H, dd,
J=285, 25Hz, H-5'), 685 (1H, d, J= 8.0 Hz,
H-5), 7.14 (1H, dd, J = 8.5, 2.5Hz, H-6), 7.21
(1H, d, J=20Hz, H-2), 757 (1H, d, J= 155
Hz, H«), 7.75 (1H, d, J=155Hz, HB), 7.98
(1H, d, J=9.0Hz, H-6'); “"C-NMR ( 125 MHz,
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CD,OD): §128.5 (C-1), 1158 (C-2), 146.9
(C-3), 1499 (C-4), 116.6 (C-5), 1184 (C-6),
1935 (C = 0), 123.6 (Cw), 146.1 (CH), 1147
(C-1'), 1664 (C-2'), 103.9 (C-3'), 167.5(C4"),
109.2 (C-5'), 1333 (C-6'), VA %5 30k © i
AEEEAR 2, HEEEb B 5 MO,

k&YW e6. #EKAEK, CHLO0;5, ESI-MS m/z
285[M — H] . 'H-NMR[500 MHz, (CD,) ,CO]:
6391 (3H, s, OCH;), 637 (1H, d, J= 2.5Hz,
H-3'), 6.48 (1H, dd, J = 9.0, 2.5 Hz, H-5'),
7.02 (1H, d, J = 8.5Hz, H-5), 7.27 (1H, dd,
J=1285, 20Hz, H-6), 740 (1H, d, J = 2.5 Hz,
H-2), 7.75 (1H, d, J=155Hz, H«), 7.79 (1H,
d, J=150Hz, HB), 815 (1H, d, J = 9.0 Hz,
H-6'); "C-NMR[125 MHz, (CD,) ,CO]: 6 128.3
(C-1), 114.0 (C-2), 1469 (C-3), 1502 (C-4),
1114 (C-5), 1226 (C-6), 1919 (C =0), 1184
(Ca), 1443 (CB), 1136 (C-1'), 1663 (C-2'),
102.8 (C-3'), 164.8 (C-4'), 107.8 (C-5'), 1325
(C-6'), 555 (OCH;). LA %5 Scik ™ it i
FAR—F, MESEAY 6 o 4- AL LA,

&YW T, BAK K, CHL0;s, ESI-MS m/Az
285 [M — H] . 'H-NMR[500 MHz, (CD;) ,CO]: &
391 (3H, s, OCH,;), 636 (1H, d, J = 2.5 Hz,
H-3'), 6.47 (1H, dd, J = 9.0, 2.5 Hz, H-5'),
7.02 (1H, d, J = 8.5Hz, H-5), 7.27 (1H, dd,
J =285, 20Hz, H-6), 740 (1H, d, J= 2.0 Hz,
H-2), 7.75 (1H, d, J=15.5Hz, H«), 7.79 (1H,
d, J=155Hz, H), 8.16 (1H, d, J = 9.0 Hz,
H-6'), 13.6 (1H, s, 2-OH); "C-NMR[125 MHz,
(CD;) ,COJ: 6129.2 (C-1), 1149 (C-2), 147.8
(C-3), 151.0 (C4), 1123 (C-5), 1235 (C-6),
1929 (C=0), 1192 (Cw), 1452 (CH), 114.6
(C-1'), 167.6 (C-2'), 103.8 (C-3'), 165.6 (C-
4'), 108.7 (C-5'), 133.4 (C-6'), 56.3 (OCH,). VA
B Sk U R R EAR B, MOEER A T
R 3, 2, 4- =FEk 4 WA TER .

E5W 8. EAKR, CuH,0,;, ESI-MS m/z
567 [M+HCOO] ., 'H-NMR (500 MHz, CD,0D ) :
5344 (1H, m, H-4"), 3.54 (1H, t, H-5"), 3.59
(1H, m, H-2"), 3.74 (1H, dd, J = 12.0, 6.0
Hz, H-3"), 3.84 (3H, s, 7-OCH,), 3.92 (3H,
s, 3-OCH;), 3.97 (3H, s, 4-OCH,), 4.60 (1H,
s, H-6"), 514 (1H, d, J= 7.5Hz, H-1"), 6.94
(1H, s, H-5), 7.09 (1H, d, J = 8.5Hz, H-5'),
7.65 (1H, d, J=2.0Hz, H-2'), 7.70 ( 1H, dd,

J = 8.5, 2.0 Hz, H-6'); “C-NMR ( 125 MHz,
CD,OD): 61584 (C-2), 139.9 (C-3), 180.4
(C-4), 956 (C-5), 1579 (C-6), 133.9 (C-7),
153.8 (C-8), 1534 (C-9), 1082 (C-10), 124.1
(C-1"), 1163 (C-2"), 147.7 (C-3'), 151.9 (C-
4'), 1124 (C-5'), 1224 (C-6'), 102.0 (C-1"),
74.8 (C-2"), 78.0(C-3"), 71.3(C-4"), 78.5 (C-
5"), 62.6 (C-6"), 61.5(7-OCH;), 60.6 (3-OCH,),
56.4 (4-OCH,). LA ¥ 5 3k " #7238 1Y JE A
— 5, M ES Y 8 M8, 3-dihydroxy-3, 7,
4'-trimethoxy-6-0O3-D-glucopyranosyl flavone,
&Y 9: EEKAR, C,HyO0,, ESI-MS m/z
285 [M-Glc]. 'H-NMR (500 MHz, CD,0OD): &
3.44 (1H, m, H-4"), 3.50 (1H, m, H-2"), 3.57
(1H, m, H-3"), 3.72 (1H, dd, J = 12.0, 5.5
Hz, H-5"), 3.92 (2H, m, H-6"), 4.99 (1H, d,
J = 7.5 Hz, H-1"), 6.76 (1H, s, H-3), 6.86
(1H, d, J = 8.0Hz, H-5'), 7.14 (1H, d, J =
8.5Hz, H-6), 725 (1H, d, J = 8.5Hz, H-5),
7.35 (1H, dd, J = 8.5, 2.0 Hz, H-6'), 7.55
(1H, d, J = 2.0 Hz, H-2'); “C-NMR (125
MHz, CD,0D): 6 156.3 (C-2), 113.9 (C-3),
185.5 (C-4), 126.8 (C-5), 115.6 (C-6), 153.8
(C-7), 134.4 (C-8), 149.7 (C-9), 119.2 (C-
10), 1255 (C-1'), 1159 (C-2"), 147.6 (C-3'),
146.8 (C-4'), 116.8 (C-5'), 119.4 (C-6'), 103.4
(C-1"), 748 (C-2"), 77.6 (C-3"), 71.3 (C-
4"), 78.6 (C-5"), 624 (C-6"), LI %45 X
ik U IRGE R AR B, MR ERE Y9 N 8, 3,
4'-trihydroxyflavone-7-O-f-D-glucopyranoside
AW 10: ELHEEAKK, CuHyxO;, ESI-MS
m/z 557 [M+Cl]” . 'H-NMR ( 500 MHz, CD,0D ) :
63.39 (2H, m, H-2", 4"), 350 (1H, t, J =285
Hz, H-3"), 3.56 (2H, m, H-6"), 3.70 (1H, dd,
J =120, 6.0Hz, H-5"), 3.81 (3H, s, 6-OCH,),
3.88 (3H, s, 3-OCH;), 3.94 (3H, s, 4-OCH,),
5.11 (1H, d, J = 7.5Hz, H-1"), 692 (1H, s,
H-8), 7.07 (1H, d, J=9.0Hz, H-5'), 7.63 (1H,
d, J =20Hz, H-2'), 7.68 (1H, dd, J = 8.5,
2.0Hz, H-6'); “"C-NMR (125MHz, CD;OD): &
158.0 (C-2), 139.9 (C-3), 180.5(C4), 1538 (C-
5), 1339 (C-6), 1584 (C-7), 95.6 (C-8), 153.5
(C-9), 1082 (C-10), 124.1 (C-1'), 116.3 (C-
2'), 147.7 (C-3'), 1519 (C-4'), 112.4 (C-5'),
122.4 (C-6'), 102.0 (C-1"), 74.8 (C-2"), 78.5
(C-3"), 713 (C-4"), 78.0 (C-5"), 62.6 (C-6"),
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61.5 (4-OCH;), 60.6 (3-OCH,), 56.4 (6-OCH,),
DL 5 ek MO IRGE AR — B, R E S
Y1 10 & 7-OB-D-glucopyranosyl-5, 3'-dihydroxy-3,
6, 4'-trimethoxyflavone,

&Y 1. 26K AE, CHyxO,;, ESI-MS m/
2285 [M-C,;H,,0,]. 'H-NMR (500 MHz, CD,0OD ):
5 1 W % 4 [6.74 (1H, s, H-10), 6.88 (1H, d,
J = 80Hz, H-5'), 7.09 (2H, m, H-4, 5), 7.38
(1H, dd, J = 8.5, 20Hz, H-6'), 7.60 (1H, d,
J=20Hz, H-2') ]; HHEHEE (349 (1H, dd,
J =100, 85Hz, H-4), 3.57 ~ 3.65 (2H, m,
H-2, 3), 3.81 (1H, m, H-5), 4.39 (1H, dd,
J=120, 7.0Hz, H-6), 4.61 (1H, dd, J=12.0,
2.0Hz, Ha-6), 5.02 (1H, d, J=7.5Hz, H-1) |;
X} - HFEERE Sy [6.37 (1H, d, J = 16.0Hz, H-8),
6.83 (2H, d, J = 8.5Hz, H-3, 5), 7.46 (2H,
d, J =85Hz, H-2, 6), 7.65 (1H, d, J = 16.0
Hz, H-7) ]; "C-NMR (125 MHz, CD,0OD): 6 &
fii 358 43 [147.6 (C-2), 1859 (C-3), 1154 (C-4),
113.9 (C-5), 1544 (C-6), 1299 (C-7), 157.0
(C-8), 119.1 (C-9), 1149 (C-10), 125.6 (C-1'),
119.2 (C-2'), 146.9 (C-3'), 149.7 (C-4'), 116.7
(C-5'), 127.1 (C-6") ]; Hi%bHassr [103.3 (C-1"),
74.8 (C-2"), 77.5 (C-3"), 71.8 (C4"), 759 (C-
5"), 64.6 (C-6") 1; MRS [126.8 (C-1), 1312
(C-2, 6), 1169 (C-3, 5), 1614 (C-4), 146.8
(C-7), 114.1 (C-8), 1689 (C-9) ], U F¥URES
Sk PR R AR, MEEREYINh (Z) -
6-O- ( 6-O-p-coumaryoyl8-D-glucopyranosyl ) -6, 7,
3', 4'-tetrahydroxyaurone,

aE12: AR S (FE), CyHy0,,
ESI-MS m/z 475 [M+CI-2H]" . 'H-NMR ( 500 MHz,
CDCL,): 6033 (1H, d, J = 45Hz, H-19), 0.56
(1H, d, J=4.0Hz, H-19), 0.77 (1H, m, H-6b),
0.81 (3H, s, H-29), 0.88 (3H, d, J = 6.5 Hz,
H-21), 0.89 (3H, s, H-30), 0.97 (3H, s, H-28),
0.98 (3H, s, H-18), 1.26 (3H, m, H-26), 1.31
(1H, m, H-1b), 1.32 (3H, m, H-27), 1.35 (1H,
m, H-16b), 1.51 (5H, m, H-20, H-5, H-7a,
H,-15), 1.56 (2H, m, H-la, H-8), 1.59 (2H, m,
H-6a, H-2b), 1.62 (3H, m, H,-12, H-17), 1.75
(2H, m, H-22b, H-2a), 1.96 (2H, m, H-1la,
H-16a), 2.27 (1H, m, H-22a), 3.28 (1H, m,
H-3), 5.64 (1H, m, H-23), 6.12 (1H, d, J =
16.0 Hz, H-24); “C-NMR (125 MHz, CDCL,): &
320 (C-1), 304 (C-2), 788 (C-3), 40.5 (C-4),
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47.1 (C-5), 21.1 (C-6), 26.0 (C-7), 479 (C-8),
20.0 (C-9), 26.1 (C-10), 26.5 (C-11), 32.8 (C-
12), 453 (C-13), 488 (C-14), 35.6 (C-15), 28.1
(C-16), 52.0 (C-17), 18.1 (C-18), 30.0 (C-19),
36.4 (C-20), 183 (C-21), 39.0 (C-22), 125.6 (C-
23), 1394 (C-24), 70.7 (C-25), 299 (C-26), 29.8
(C-27), 254 (C-28), 14.0 (C-29), 193 (C-30),
DL RE S sk M BGE AR — B, BUEEIRA Y
12 4 cycloart- (23Z ) -ene-3f, 25-diol,

AW 13. HEOKBK, CHkO;, ESI-MS m/z
479 [M+Na] ", 'H-NMR (500 MHz, DMSO-d,): &
0.68 (4H, s, H;-24, H-5), 0.75 (3H, s, H-26),
0.81 (3H, d, J = 6.5Hz, H-29), 0.87 (3H, s,
H-25), 0.90 (3H, s, H-23), 0.92 (3H, s, H-30),
1.04 (3H, s, H-27), 124 ~ 135 (6H, H,-7, H,-
21, H-19, H-6b), 1.44 (2H, s, H-2), 1.46 (2H,
d, J=35Hz, H-6a), 148 (2H, d, J = 5.0 Hz,
H-22), 1.51 (2H, s, H-1), 1.54 (2H, m, H-16),
1.57 (1H, s, H-9), 1.82 (3H, m, H,-11, H-18),
3.00 (1H, s, H-3), 4.31 (1H, s, 3-OH), 5.13
(1H, t, J=7.0Hz, H-12); "C-NMR (125 MHz,
DMSO-dy) : §36.5 (C-1), 27.0(C-2), 769 (C-3),
383 (C-4), 548 (C-5), 18.0 (C-6), 302 (C-7),
38.5 (C-8), 47.0 (C-9), 363 (C-10), 23.8 (C-
11), 124.6 (C-12), 1382 (C-13), 41.7 (C-14),
30.7 (C-15), 229 (C-16), 469 (C-17), 524 (C-
18), 383 (C-19), 384 (C-20), 27.6 (C-21), 32.7
(C-22), 283 (C-23), 169 (C-24), 16.1 (C-25),
152 (C-26), 23.3(C-27), 1783 (C-28), 17.0 (C-
29), 21.1 (C-30). DL %5 3k " Hiaf i A
—3, MUY 13 AR

eEW 14: FEAPREIR (EE), CysHyOs,
ESI-MS m/z 475 [M+HCOO] ., 'H-NMR[500 MHz,
(CD;) ,CO]: 60.79 (3H, m, H-26), 0.83 (3H,
d, J = 1.5Hz, H-21), 0.85 (3H, s, H-18),
0.88 (3H, s, H-19), 092 (3H, d, J = 6.5 Hz,
H-27), 1.02 (3H, d, J = 6.5 Hz, H-28), 1.25
(3H, m, H-12a, 2a, 16a), 1.38~1.44 (2H, m,
H-25, 16b), 1.46 ~ 1.51 (3H, m, H,-11, 14),
1.70 ~ 1.77 (2H, m, H-1b, 4b), 1.83 ~ 1.90
(3H, m, H-24, 20, 12b), 1.92 (1H, m,
H-2b), 1.96 (1H, m, H-15b), 3.76 (1H, m,
H-3), 520 (1H, dd, J = 16.5, 8.0 Hz, H-22),
526 (1H, dd, J = 16.5, 7.5 Hz, H-23), 6.22
(1H, d, J = 85Hz, H-6), 648 (1H, d, J =
8.5 Hz, H-7); “C-NMR[125 MHz, (CD;) ,CO]:
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6357 (C-1), 31.1 (C-2), 663 (C-3), 38.0 (C-
4), 82.4 (C-5), 1312 (C-6), 1364 (C-7), 79.4
(C-8), 525(C-9), 378 (C-10), 21.3 (C-11),
403 (C-12), 452 (C-13), 52.7(C-14), 27.1 (C-
15), 24.0 (C-16), 57.0 (C-17), 13.2 (C-18),
18.5 (C-19), 40.5 (C-20), 20.0 (C-21), 132.9
(C-22), 136.4 (C-23), 43.7 (C-24), 33.8 (C-
25), 203 (C-26), 18.0 (C-27), 21.3 (C-28), VI
b HE S SR U RE AR — B, A
14 4 (22E ) -ergosta-6, 22-diene-3f, 58, Sa-triol,

a5 Atk (FEE), CuHL0;, ESI-
MS m/z 475 [M+HCOOH+H] ", 'H-NMR ( 500 MHz,
CDClL;): 60.84 (3H, s, H-18), 0.85(3H, d, J=
1.0 Hz, H-26), 0.86 (3H, s, H-27), 0.91 (3H,
s, H-19), 093 (3H, d, J = 7.0 Hz, H-28), 1.02
(3H, d, J = 6.5Hz, H-21), 1.46 ~ 1.56 ( 5H,
m, H-9, 1la, 15b, 16b, 25), 1.57 (1H, d, J =
7.0 Hz, H-2b), 1.63 ~ 1.66 (3H, m, H-1b, 15a,
14), 1.86~1.89 (2H, m, H-2a, 16a), 1.91~2.00
(4H, m, H-la, 12a, 4b, 24), 2.13 (2H, m,
H-20, 4a), 4.00 (1H, m, H-3), 5.17 ( 1H, dd,
J=155, 80Hz, H-22), 525(I1H, dd, J= 155,
7.5Hz, H-23), 627 (1H, d, J = 8.5Hz, H-6),
6.53 (1H, d, J = 8.5Hz, H-7); “"C-NMR (125
MHz, CDCL,): 634.7 (C-1), 30.1 (C-2), 66.5(C-
3), 37.0(C4), 822(C-5), 1354 (C-6), 130.8 (C-
7), 794 (C-8), 51.1 (C-9), 37.0 (C-10), 20.6 (C-
11), 394 (C-12), 44.6 (C-13), 51.7 (C-14), 234
(C-15), 28.6 (C-16), 562 (C-17), 129 (C-18),
182 (C-19), 39.7 (C-20), 20.9 (C-21), 1352 (C-
22), 1323 (C-23), 428 (C-24), 33.1(C-25), 19.6
(C-26), 199 (C-27), 176 (C-28), LI L ¥#t 5
SCilk T RGE R A -, R A Y15 R Sa,
8a-epidioxyergosta-6, 22-dien-3f-ol.
4 o-EEBEEHEERIE

ZRSCHER U O, IR S B RUIImA
S0 uL 0.5 mg * mL ' KA (kA2 ~4, 6~9,
11 F1 14, FHMEXTREBT-R ) . 50 pL BEfR 5% vhik
W (0.1 mmol = L', pH 6.8) #1100 uL a- #j
EPWEFRE (02U - mL ") J5F 37 °C {HIREF#46
R 10 ~ 15 min, FFAITA 50 pl 4- fif k2K J
a-D- IR 2585 (2 mmol » L™ ") £ 405 nm
E ODH, HHRE3INENL, EHAMTLKEY
X B 53 A S5 S B R 2% P ER VS TR -

MHR (%) =[ (OD.yp;— OD s+ OD 51wy /
OD ..., 1% 100%

SERAAY) T, 8 F 11 X a- 2 BT A I
il 2505 71 R 13.6%, 30.1% Fi1 38.6%, HAl ik 4
VIR DA S S
5 iTig

DRI FE: I 05 25 200 FIRI) FE e o T 5 RS A LA
P MU R REAE A S ELIE IR IREE B, 245K
— T I N SRR At S o 3 T A e
ARSI AR RN AL BT T - AR
W PERITE, RAbA W 10 F1 12 R4S alifh )5 i
B RSCHRERBELASY 1, 5, 13 F115 A B4
BRI o- AT BRI M B2 A, SR B AR
RTIEY2~4. 6 ~9. 11 F1 14 1| a- Hi%5HE
TR TR, BHE ST BT AR - A A A A
KRN 76.3%, L&Y 7. 8 F1 11 435 13.6%,
30.1% F1 38.6%, HALAWIA WA THITEE .

PR 25 AR BT & A2 A 2 2 0,
ARSI VBT R U A A5 E) 15 MEB,
H 1 AFER, 240=0528, 240K, 104
WAL RS B S YITEYTS . DUl
Préafl . PRI K A A5 22 T ELAT VA
TR P, HARE I RN E . VERIGIT IR
W fegt ey, REMRAERPE AR B SN
Hr iz, 3RE REWEA R ZmEY) 2Rk, R,
FHTFIRIT R G g s 2,

REFEAREREES, B2ty
TEPE RN RITRL, A5 W n s X HAT RO o KA
BONAFERIIFSE, A SRR IR T & BTG
IR AR E Y, R 2o B B A

SEXH

[1] SERERE T EAY SRR 2 P EYE ML 75
& dbat: BleEiRst, 1979: 377

(2] FR)I . BT F R RN [0, IR G B2 2408, 2013,
6(6): 28.

[3] Bifcan, ZERME . PERBEAEZE M Jbat: hEEZ
B AL, 2005 95.

[4] T2EE, BRE, K, % BESEMABERR
JE 7. EEZE SR, 2019, 25 (18): 100-103.

[5] ¥4, WER, HmH, 5. SRk
5% [0 hEZG2EI4RE, 2009, 44 (18): 1372-1374.

[6] ®XZAe, WS, ZmH, 5. BERETh A E
FRR ). =B HTIT, 2004, 26 (1): 121-126.

[7] Z=8k, g, /N . 5 AR PR T sE ().
rhEL2, 2006, 37 (5): 665-666.

8] THAE, T, FEA . FRIMLFESI5E D).
2, 2008, 39 (7): 972-975.

[9] BekFr, $i003E, REHL, 4. ML IRIE D)
TRV 5TT &, 2006, 18 (3): 420-422.

[10] HWT, JEEFE, Zarik, & . =k REF S 1 &S

2745



Central South Pharmacy. December 2022, Vol. 20 No. 12

FRRIZ24 2022 4F 12 A 4520 % 45 12.10)

3 0] HEZEE, 2011, 20 (5): 518-522.

[11] Xu RS, ZhangJ, Yuan K. Two new flavones from 7Tridax
procumbens Linn [J]. Molecules, 2010, 15 (9): 6357-6364.

[12] Yang XW, Huang MZ, Jin YS, et al. Phenolics from
Bidens bipinnata and their amylase inhibitory properties [J].
Fitoterapia, 2012, 83 (7): 1169-1175.

[13] Sashida Y, Ogawa K, Kitada M, et al. New aurone gluco-
sides and new phenylpropanoid glucosides from Bidens pilo-
sa[J). Chem Pharm Bull, 1991, 39 (3). 709-711.

[14] Martinez CE, Lozada MC, Ortega SH, et al. 'H and C
NMR characterization of new cycloartane triterpenes from Man-
gifera indica [J]. Magn Reson Chem, 2012, 50 (1): 52-57.

[15] Silva MG, Vieira I, et al. Variation of ursolic
acid content in eight Ocimum species from northeastern
Brazil [J]. Molecules, 2008, 13 (10): 2482-2487.

[16] Song L, Wang XF, Wu'Y, et al. Chemical constituents
from the linseed meal [J]. Fitoterapia, 2014, 97: 15-22.

[17] M0, 220, EFRME, 4. REA RIS T
Irlﬂimu, 2005, 30 (9): 671-674.

(18] FlI%, AE#E . SRR AARIBIXT a- AT Y40 ]
4@%6}1&% 0] AT, 2012, 41(9): 1-3
(19] ErP e . BERUREIRE R ML AS T ARE R & . AL P A

Menges F,

SERAOIE U] PR EEREAE, 2022, 50 (1) 1-6

[20] Jang JH, Park JE, HanJS. Scopoletin inhibits a-glucosidase
in vitro and alleviates postprandial hyperglycemia in mice
with diabetes [J]. Eur J Pharmacol, 2018, 834. 152-156.

[21] Rocha S, Sousa A, Ribeiro D, et al. A study towards
drug discovery for the management of type 2 diabetes mel-
litus through inhibition of the carbohydrate-hydrolyzing
enzymes a-amylase and a-glucosidase by chalcone deriva-
tives [J]. Food Funct, 2019, 10 (9): 5510-5520.

[22] Chao C, ChenY, Lin LG, et al. Simultaneous determi-
nation of a-glucosidase inhibitory triterpenoids in Psidium
guajava using HPLC-DAD-ELSD and pressurized liquid
extraction [J]. Molecules, 2020, 25 (6): 1278.

[23] Chen SD, Yong TQ, Xiao C,

ergosterols from Grifola frondosa exert anti-a-glucosidase

et al. Pyrrole alkaloids and

and anti-proliferative activities [J]. J Funct Foods, 2018,
43. 196-205.
[24] ABEEZZ, #EI5M . IS ILA 4 245 BEVE T 98 2 e 0.
JERtBRA R e, 2020, 34 (3): 89-92.
[25] B, #AR%, FIE, 5. R s lin 528
VEF [0 AR 258 51K, 2009, 24 (3) @ 147-150.
(Ut B 0. 2022-04-28; 15 H #: 2022-07-06 )

FRZEZMRERIH FEMRFETM

BE, kiE, kA, EiE,
B KBS (HeR ) MTi I 25 .,

BE:. B HAARTEARERGHE T LA

T 3R (WP EEZG A BT h 25 R IR A A S R I L R 2 R Y TR
Bepq  EfH 712083)

MR G RIAT YR, TR HE

BARABLFET O (RER) FRBE, B A BIHFHTHRER (RRER) T,

HT PR R AR R AT RS SR
R A B s

B8

A4mgemL 'F Cfﬁ“kh“ﬂlmﬁﬂﬁiﬁﬁ — R A ;
FRIM AR CEMERLE SRS (18, 68+0 56) nm, %
AR EH (0.35740.008), A& T4 A D- L FLEE R A

HKEHTmgemL ', #&F 120 min, £

ez idafempr B S, FRREEN SR REN s,
ktffxi‘ﬁ z '%él}‘] 7]i

% m e, RAW2647/\7})?5&&C%‘éﬁl#%%é’ﬁmkﬁa'io ZR zmt HETEH.

FERNFL . BT FNIRE., BWRE
saAR A R LR RINE B, A
BEAEGRRIEF A A1 %#@)ﬁ%

749 ES-NC & T8l R4F, B42H

(30.74%3.00) nm, RIMRE I ERRA AR TEHRE DL TAIHIE 4555 M1 B E 2200
RAW264.7 A — R MR, TRAMREEMEETIBRLET o, & -8 KT, LML

M BT aNF -4 7}<*‘T‘o
R AR RSN B, S AR AR K
KW : AR TF; éﬁ]ﬁééa%,

hE 9SS R284, R285
doi:10.7539/.issn.1672-2981.2022.12.008

EE£WAE:
FeBIHABA (No. B [2019]90 5 ) ;
fEERNY: B, <o, Wit FENFLYMEH AR,

WP BHT A A HERE T -

LTRSS 25 D B LR,

2746

EE ARLEZMREZERFETED

B, TR AT R PRI IR E
BERN L, WobE B E; Bk, X

XkFRIRES: A

FHAERHEH RS H (No.2019KIXX-025) ;
BEPUA R TI H (No.2022SF-222) 5
email: wen390892120@qq.com
email: aiziji 2005@126.com

WA, TEERSELTEN

NEHS: 1672-2981(2022)12-2746-06

BePH R HETE A (No.20IY012) ; BRI e 4ER)
BV s 2 RS g AR B S e 4 H (No.Z2G035 ).
TEEEE . IR, &, W, B,



RG22 2022 4F 12 A %5 20 % %5 12 8] Central South Pharmacy. December 2022, Vol. 20 No.12

Preparation, characterization and anti-inflammatory of esculetin nanocrystals

CHENG Wen, ZHU Jie, ZHANG Yong-shuai, WANG Zheng, LIANG Yan-ni" (Co-Construction
Collaborative Innovation Center for Chinese Medicine Resources Industrialization by Shaanxi &
Education Ministry/State Key Laboratory of Research & Development of Characteristic Qin Medicine
Resources (Cultivation)/Shaanxi Innovative Drug Research Center, Shaanxi University of Chinese
Medicine, Xianyang Shaanxi 712083)

Abstract: Objective To optimize the preparation of esculetin nanocrystals (ES-NC) and evaluate
it preliminarily. Methods An appropriate amount of esculetin (ES) was dissolved in ethanol by
ultrasonic method. It is uniformly added to the water under stirring conditions to make it supersaturate
and crystallize. Several factors were optimized, including ratio of good solvent and poor solvent,
types of stabilizer, concentrations of stabilizer, drug concentrations and types of lyoprptectant. Their
effect on the nanocrystals was also observed. The dissolution rates in vitro of ES-NC and ES were
determined. RAW264.7 cells were used to analyze the anti-inflammatory activity of ES-NC. Results
The optimal conditions for the preparation of ES-NC included 4 mg * mL ~ ' polyvinylpyrrolidone as
a single stabilizer; the ratio of good solvent and poor solvent was 1 : 20, the drug concentration was 7
mgemL "' and the ultrasonic time was 120 min. The obtained particle size of ES-NC was (18.68+0.56)
nm, and the polydispersity index was (0.35730.008). D-sorbitol as the lyophilized protective agent
for the preparation of lyophilized powder had good resolubility, and the partical size was (30.74 +3.00)
nm. In vitro anti-inflammatory experiments showed that ES-NC reduced the production of nitric
oxide, TNF-a and IL-8, and increased the levels of IL-4 in LPS-induced macrophage RAW264.7.
Conclusion The preparation process of ES-NC is simple and convenient, which can significantly
improve the solubility and dissolution in vitro of ES, with fairly good anti-inflammatory effect. This
study provides a theoretical basis for the development of new dosage forms of ES.

Key words: esculetin; nanocrystal; anti-solvent precipitation; dissolution in vitro; particle size; anti-
inflammation

ZPE—FE Yy, SRR T ARRRHMEY

P A Fraxinus chinensis Roxb. [ A% Bz ol +
B, R CFHT RO AMZ —, WETE.
BTN RE K R EFCRNTAEY, hHA
BB ARG, RN 6, 7- ZRHEA
% (esculetin, ES, WK 1), R EKHAH
g . BiiAAk . LR . PR BUBTIR I B A
ZFEER Y, B RERIRT 2. FK
CEAPGEAMEH AR (IL) -6, MEIAIER
T -a (TNF-a) SERAEH T 17742, AT it
B P (R HOKE R 2, AERIHRE, 7
RIBFSE R RIS 4D . BRIOC T2 K SRl
FIRFSR B A L . Rk S B, s R R
(AT e P AN A P ) P 2 T RS — s b e B
YRBAR T & AN, AR B 25 4
TN W Z 2157 . AOKFEOR FE A
PIFf: — 2R 25 A B AR, R

K1 RECEEHY

Fig 1 Chemical structure of esculetin
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(5505 AN ETE7/E A R ST g iR S F =) e 1 i
e, XA RO BRI E kAl Ak &
JRE KA Ak 2 it ) 30 ) e 2 £ ik . O
FIVLTE B T “Bottom-up” e A, J& il £ 40 K 45
mmE I, LM B g, B T AR
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LM RS &, Ea R R LR L%
L RYKEEH (esculetin nanocrystal, ES-NC ) il
2, P LR AN A R R R R T XS
L AT BT 98 T P 4 5
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Z I O F (BS, B T35 LA PR A,
ali JF. 98%, it 5. G1731067); R £ — [ 400
(PEG400 53#r4f) . 3R ZMFnEng kel ( PVP K29/32)
(R R F AR A R AR 5 HNH AR
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RPMI1640 ( BI, LOT.2049225); ELISA X7 & (fik
AN E], S M210622-102a) 5 G4 Il 4
( AusGeneX, #it5: FBSS00321-1); /NE A% EH
W2 RAW264.7 (75 JERRAEYI A F] )

EYEA N-1100 g5 7% &AL (7Rt BAL s bk =X
25ft) s HI-6B ASEOME R IR fE iy (NPT
i SR A A PR ) 5 M IV (RILRA)
MRS A PR T ) 3 FA21040 B 7R (5
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(& B HR SR A PR A F] ) 5 JEM-2100 Plus 8 3%
ST AT [ AR B AR A4 (A4 3 UV-
2600 BUEAHMAT WA BT [ S (HAR) 2AF] 1.
2 FiEEHER
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b B NE T CRE TR (RER) %
fife, HEBE, VEAANAE; Sk OF R
) MmAGERERE N, VERZKAH, PR s T
HKAR TS I A S AR E R, PR HIE A AL
A, AREEBERE, EPIAR SN HT AR ES A, ek
brk O, 193] ES-NC.

22 RIEFEFEER A E

FRE 45 mg % f2 &, % T 9mL oK &
, TREWIE N SmgemL ', ENRER, L2
mg * mL~ ' SDSTE M e A, HAKMEARLE, H
FRER (oK OEE) MANRIER (K) B EEA
1:12, 1:14, 1:16. 1:18. 1:20. 1:22, %
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EHX ES-NC ORI K Z 7 iR (PDI), 4525R I
o YRBEHFISARBEFM G L 1251 : 20,
BARU/N; 2 EEIR] 1 : 22 i, BRI R, ik HE
RIS A BRI i 1 20 #7525
F1 AEEFHIRBFERRBEF ES-NC #1250 PDI BT
(x*s, n=3)

Tab1 Effect of different ratios of good solvent and poor solvent on
particle size and PDI of ES-NC (x£s, n = 3)

R85 W NERS il % nm PDI
1:12 267.2424.84 0.38940.069
1:14 190.8+£84.50 0.347£0.075
1:16 192.6+13.11 0.369+0.135
1:18 221.84+26.85 0.293+0.054
1:20 134.3+5.69 0.608+0.154
1:22 302.4420.36 0.47440.060

2.3 FRUE | B I

PERE AR S A RERIMEFIA 120, 25
IR R 5 mg » mL ™', s F Bk R 2
mg e mL~ ', 4% LA —FaE ] (SDS. F-68.
HPMC, PVP) FlR&F &R (UL SDSYE N £
EFI, LhF-68. PVP, HPMC. I-i& -80 /E Jy ke
EF, R 2 2 1) X ES-NC #pkife K PDI HY5Y
M, 25U 2. 3. MR —FRE ] PVP BPRAR
7 (29.443.86) nm, PDIF (0.318+0.088), A<Hf
FE G TIRABIRRUE R, (HJR 5 2 H R
M1 PDI k BUAFTERUE HEAN G, PDLad R, 70K
ANYS AR, ol B — U R B R4 AT PDI K
RARER/N, i Ew R A RE R 1T
FE AR TR A R A AL fy e v e A S 4457 BHLAE
TR AN, SEEE R s R R o Y,
PR 36 FH BA—Fa g ) PVP R4 TR 2258
£2 TEE—FEFIX ES-NC #1250 PDI I (cts, n = 3)

Tab 2 Effect of different single stabilizers on particle size and PDI of
ES-NC (x*+s, n=23)

T HifE mm PDI

SDS 144.945.87 0.60740.046
F-68 73.7+£11.58 0.30540.101
HPMC 139.044.94 0.41340.007
PVP 29.4+3.86 0.3184-0.088

24 BEFIRENEE

DL PVP MRRER], KRS R R
1:20, Z4¥) i EkiE N Smg - mL™ ', JHEREE
FIFEWRE N2, 3. 4mg*mL™ ', %% ES-NC
fkif% . PDIAI Zeta B4V, Z5RILE 4. HiaE
IRV EE N 4 mg » mL ' BHATRE s . 3
— o MR R R PR R R] U] A SE K Y
Ak, W E ORI & PDI BZAS AL (WL 2), 4%
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*®3 AREIREREFN ES-NC #2750 PDI M (xEs, n = 3)
Tab 3 Effect of different mixed stabilizers on particle size and PDI of
ES-NC (x*s, n=23)

AR E R Kifd mm PDI
3 -80 54.9410.25 0.99240.014
F-68 54.8-14.08 0.863-0.123
PVP 93.228.63 0.633-0.282
HPMC 201.9+18.5 0.7580.155

KK TFAE 4 mg » mL ™ FRE R T 4ERRUE

x4 FREREBREREFIT ES-NC HIRIE.
= (xts, n=23)
Tab 4 Effect of different concentrations of stabilizer on particle
size, PDI and Zeta potential of ES-NC (x*s, n = 3)

PDI #0 Zeta BB

( iiiﬁ?,/l) K% /nm PDI Zeta L\ /mV
2 29.4+3.86 0.3184+0.088 — 15.10%2.30
3 26.01+0.23 0.336+0.0003 — 18.04%+1.99
4 26.0+0.75 0.335+0.012 —27.90+2.20

B2 RIRE AR T R 5
Fig2 Stability at different stabilizer concentrations
2.5 A E W ERER

PLPVP MEER, ik A 4 mg e mL ™',
REFSARBEFALLEA 120, 2595wk
JE R S5mgemL ', 43%0#8 R 30, 60, 90, 120
min, $5HIEETE 25 ~ 30°C, %% ES-NC [Hyk:
&, PDI, Z5JULEE S, #8120 min X HEAG K
R B ROR, kil (15.42£0.59) nm, PDI
7 (0.24540.013 ),
®5 AEEAERETX ES-NC #7121 PDI MM (x+s, n = 3)

Tab5 Effect of different times ultrasonic on particle size and PDI of
ES-NC (x*+s, n=23)

A /min FifE /nm PDI
0 28.67£0.18 0.29540.004
30 27.65+0.34 0.310%0.019
60 28.00+0.20 0.341£0.006
90 16.621+1.07 0.270£0.053
120 15.42+0.59 0.245+0.013

2.6 HMREREWHFRLE R
2R AR 3. 4. 5.6, TmgemL ',
Pl4mg-mL 'PVP RNEUER], RIEFEARIFEH

B LR 12 20, %% ES-NC Hkife & PDI, 4%
W6, MY HmEIE R Smg e mL B, 44K
gk Rk E, RN (22.63+£0.24) nm, PDI K
(0.34340.010), FaE Mk E R/ IML SR EMESD)
FHOG, MRERIRER/NT, 259K RERFRE
Mot etgs, FER PSRRI S; AR
REFN R, HAR e MRy, Ty 288 e
B, SERZGYREERT, FooE RN 2 DORHR B
AR AR R, A BRI A b A AL
R R FANRE RIS, T D250 i A VA o
i 7mgemL ', WNRTELEIEKGYUE, T
[ s 15 KA VR FE . YA HILAE S5 7R Y Lol
—EMNEEN, BEEANRERLFIE R, Hhiffs
AN, 32 AR RO RITE i 5 28 12
LEYRES fhat R, A WA AKAR & AR DT R
YRR IR B T S RN, TEIRE
MBEOL T, AR R R 21 . IRt
VEVL 45 ES-NC Ay JCHEZ 251 St AR 19 A ol 8 R
AT P i A — i Y PR P DR A

R 6 ARZHGWREIREXT ES-NC K250 PDI IS (x+s, n = 3)

Tab 6 Effect of different drug concentrations on particle size and
PDI of ES-NC (x*s, n =3)

Y FRAEWE / (mgemL ™) Hi4% mm PDI
3 16.5740.78 0.306+0.045
4 19.26+0.36 0.35840.011
5 22.63+0.24 0.343+0.010
6 32.07+13.61 0.29340.116
7 18.68+0.56 0.357+0.008

27 ATRIFPAHEE

DL 1% R B D- INAYEE | i 4ga . b
FLBE S AWE R VR TR0, dmE] ES-NC 1, 7
SHRAE T — 80 CUKARTP ik 24 h, BEHES
BUR TN T4 72 h, LIETBAINE, B
R KiAR I PDI R HE bR vE A 18 B R T O3
o AOKEs MR K ICE AN RERE, Hith
PRRUT, RARIE RS, K T2 Ik
FERT RIS, BERRK IE i B S R R TR
il £ s oy U R i TR A U2 R
ES-NC (17K 43, 1 HAEAR IR ) i 25 9y v ) — Lk
P AR R R e, B YA Ak, I
D R R RN < 7 S By R ¢
IR Tt B PR T IR TR0, A A5 40 K
S5 R T 5 2 I e T A M ERT . AR
27, TR IE 3 PR, dRTl
Ak Z%, LL1% D- B EEAE i T4 P
R, BEIHETHARICE, BoEE, REh
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(30.74%3.00) nm, AF|FRKIEEE .
£7 REEFRPFEFHOEIRASRE ts, n=3)

Tab 7 Reconstituted state and particle size of lyophilized powder of
different lyophilized protective agents (x*s, n = 3)

L4551 IR FifE /nm
HEbE Loz 42.6043.87
I B HAE 4 40.3342.01
Bk RG] 65.18£15.53
D- 11154 KoET 30.74%3.00

K3 R ashm
Fig3 Freeze-dried powder appearance

TE: W T IREHRTORR: 1300E 2. D- INALEE; 3. TR
4. FAIHE

Note: Lyophilized protective agents used in lyophilized powder: 1.

lactose; 2. D-sorbitol; 3. sucrose; 4. glucose.

YRGS SR TR R Y BRIk E N 7
mg e mL ', REFEARREN LA 20,
ANEERTAA 4 mg » mL ™' PVP, [a KA
ANGHLA, BifE, FIA 1% FE 4 %1
i, WFEEsy, . 1520 ES-NC R Thrkifz
A (30.74+ 3.00) nm.
2.8 ES-NC #y#2 {v. 4 )it
28.1 ZyiypH HUES-NC FE.LEH, FAH
FRREETHTE 25 C R FES pH, ~PATIIE 31K,
BOEYME, 455 pH M (6.16+0.035),
2.82 ZWIRIIARSMEE AR (i EIZ ) 2020 4F
RS DU 56 T RO A 2 M, PRI 2k
X ES-NC 25 HbA i th BN o e P 1) 7 i
— AR AR 100 re min~ ', JREREHIE (37£0.5) C,
500 mL PBS Z& Ml /E M B T, 7E 1. 2. 4. 6,
8. 10, 12, 24 h XJHAM HIHURE 4 mL, BRI ]
Horbh e AH AR R B2 () PBS 28 vhil, #5i
HA B SRR AZE . T 349 nm A& A )i
FERINOREE, llbaiEihZ, THEY MO E
METHE AR, JRemlimhiihge, EitBlEss
RUWE 4, Z5 CEIRZGTE 24 h IBEHCE HA 41%,
T 45 LA K45 R TE 24 h RSO N 85%, BEHCR
PR 25 1 522, P DIORE ] £ gl oK 45 il
IR EZE R O R BIRRCR.
2.83 BEHTHESMIES ES-NC AMIAMNG  BUERFES,
BB, A B TR L, BUREI R N
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Bl 4 PRAMBERULSIRET A (n = 3)

Fig4 In vitro release test (n = 3)

TER SRR L, B, A GBS R BE I ML
GERULIE S, AOKREE R RSN BRI, RIARAE 25
nm iy, B KRB AR, NS,

&5 ES-NC {38 5 551
Fig5 Transmission electron microscope (TEM) images of ES-NC
2.9 4xt LPS Rl E S A R iEH PR
RAW264.7 ZHITE 96 fLAR Th G FRNERE S, K
FH MTT 74K DU 40 f A7 05 %, 0 18 A 18 1 25 P ik
fE 51 F PBS %% ES-NC M Hvk T8y, 4 7e
96 LA H 1% 77 W BE J5 in A ES-NC 25, 1h)5
BRzs 4H A A 1 pg » mL™ ' LPS, 20 hJ5 HUZH
135 W Griess 360 2 — AL A (NO) 7™~
Az UOT H A A0 B 135 TR ELISA v5 46 42 4¢
F TNF-a. IL-8, #IRHETF IL-4 B/KF.
MES-NCZ W) it & Wk & H25.5.10
ng e mL ' BFAHAEAATE KA B (10540.04) %,
(91£0.04) %. (86+0.02) %; ES-NC T ¥4
Yy Ak R R 250, 500, 1000 pg e mL~ ' AT 48
MIAETE 2918 (103£0.04) %, (99+0.02) %.
(8240.04) %. ES-NC 1] LA % 3] NO 7= 4=,
HEFHERHE . ELISA B4 5 /R ES-NC K H:
IR ] DL i 42 R BB TNF-or, IL-8 [ 7=/,
PRV R AT IL-4 A= (WLE 6). ZR7 L& T]
LI L FARRAR 28 PR A S e B4 17, A
SEER A RN 2R K S FR N ES-NC ¥R T Je 4
it HL R P A [ ISP A S M LT R I 1
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Pl 6 NO MIGSAEN ¥ iy 2E ik
Fig 6 Changes in NO and inflammatory factors

TE: 5 LPSlkE:, "P<0.05, "P<0.01; 5 CON4IILE, “P <001, 'P<0.05,
Note: Compared with the LPS group, P << 0.05, ~P < 0.01; compared with the control group, *P < 0.01, *P < 0.05.

3 it
ASTCR SR UE i £ ES-NC fift K
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e R K 5K, fEdEm 4 N 5K ERE I, Rsg

Wi 28 B LR BT RIG T, Ze B L3R 2L g f

& S ST
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VB AL 53 T EL ok B B T R RO 5

HAg', 55, B &, R, BFES, BEET (1 Rigssm A SR U B L A2
Bl LiE 2004445 2. WA K ARBERZFE, Ll 201299; 3. 5 E KA AR IT TSN Be 25 4 RE, LIt
200438; 4. bR S OB MR EREE G, Bl 201823; 5. 8 HORN2 ARy, BilE 201203; 6. [RIEE R R EE BEAT
JRSNEFFUL, ¥ 200065 )

BWE. B AR FGLFRIBERA TN, FRENFROKARATF LR mEGRE
YR, Ak RASHERBE RS B A FIGF RS, HRIBIRATE FAe 535 T
S MY, FRalad R R R B M) X UK AR, 3 B AT B 69 AR A4 Ao 31 Uk
AUR R MILR AT RN A FHiF ik, R AN FRPESBLEET 5MLEMH, 27
HT-FEAEEFLZ (1), FFZ2HF (2), ¥57W 3). rxEF Q) L aFHAEE (5),
AL SAEIRAY X ERNHRA ., RKEFH ., BRERE. AREINARLILSARE
A RRREAIAEE, R T RE &4 T 6 &0 2] FaOoK R ILA EHiREE, &it
FEHRAFEAF I NERSERECHNIARARAERANRARE, LR EHEH &) Fi
RAVR WA HEA T £, WmALA KT, KA N Ao 3 e AL A R AT 3] 69 2] F Ak
AR EEHFARE R E,

KR X LRy KAUR; WA F®

FE S ES: R285 XEkFRINES . A XERS: 1672-2981(2022)12-2752-06
doi:10.7539/j.issn.1672-2981.2022.12.009

Antimicrobial activity of chemical constituents and water decoction of
Artemisia anomala S. Moore

CHEN Jun', CAO Qing-qing’, LYU Lei’, LIANG Li-juan®, ZHOU Xu-wei’, TAN Wei-feng® (1.
Department of Pharmacy, Baoshan Branch of Renji Hospital Affiliated to Medical College of Shanghai
Jiaotong University, Shanghai 200444; 2. Department of Pharmacy, People's Hospital of Shanghai
Pudong New Area, Shanghai 201299; 3. Department of Pharmacy, Dongfang Hepatobiliary Surgery
Hospital, Naval Medical University, Shanghai 200438; 4. Department of Medical Education &
Research, Mengchao Cancer Hospital of Shanghai University, Shanghai 201823; 5. School of
Pharmacy, Fudan University, Shanghai 201203; 6. Hepatobiliary Surgery Center, Tongji Hospital of
Tongji University, Shanghai 200065)

Abstract: Objective To determine the chemical constituents and antimicrobial activity of Artemisia
anomala S. Moore, and to explore the antibacterial effect of its water decoction on the clinical
common pathogens bacterium. Methods The chemical constituents of Artemisia anomala S.
Moore were separated and purified by various chromatographic techniques. The structures of the
compounds were identified according to the physical and chemical constants and spectral data.
The Artemisia anomala S. Moore water decoction was prepared under different conditions. The
isolated monomer compounds and the Artemisia anomala S. Moore decoction were detected for
their antibacterial activities in vitro by microplate method. Results Totally 5 compounds were
isolated and identified from Artemisia anomala S. Moore: 7-methoxycoumarin (1), eupatilin (2),
arteanoflavone (3), apigenin (4) and dehydromatricarin (5). The above 5 monomers had antibacterial

HEETH: ERAKRBARESTIH (No. 81903843) 5 4 4P RAF 45 B 2= LHIYE (No. 2010JS16).
EERN: R, &, Wit, 8lFE2400, FENFELY 57 mey TAYE, email: chenjuntecdj@126.com TESES. R, B,
P, EAERRIN, FEAFIFIHAMRL BT E Ty TAE, email: twfl231@163.com
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activities against Staphylococcus aureus, Escherichia coli, Shigella flexneri, Shigella dysenteriae and

Streptococcus agalactis. At the same time, the antibacterial activity of Artemisia anomala S. Moore

water decoction prepared under different conditions was compared. Conclusion Artemisia annua

flavone and dehydroethrinone have significant bactericidal effect on Staphylococcus aureus, and

the antibacterial activity of Artemisia anomala S. Moore water decoction prepared under different

conditions is different, increasing the amount of water, prolonging the time and increasing the number

of decoctions, its antibacterial effect becomes more obvious.

Key words: Artemisia anomala S. Moore; chemical compound; water decoction; antibacterial activity

X 2F W Artemisia anomala S. Moore, X 44 [
PERC, SHFR. W, W25, hARNE
JEAEY) A W RSy, Tz A TR EER
e X Y AP EARZE, SATETLH
WiTL . R, fRESEH, MARFREE XA P, X
WA EA Wb, WEHARRE . B Im 2
HERRZ IR, FEHFIRIT IG5 . M4
T2 77 E U IR . I I A DA NI Y R
LB R, AL S ) X A I 80% L
Ak 0. CFR CBRFIE T B4 G s 21 T
TR Y BOE M SR ER R, 53R BRXEF
WO RIS B B B0 i DR e L8O R 4 R AT
PR e bE Y, MY A I B 2R AL A
B ERAEGEN D HEiEE X0
R 2, RGBS YA SRS
TR T AR H AR S AP
TP RN 25 WA I T 58 05 B L/

ST X AL I B TR 43 A1 AN B A B 25504
F, DL A X 25 0O [R) B8 BGRR AN FR) e v 3 42
AR P — 25 B A X 25 WU BT RGP R, X
BRI AR S W T B R TR M, T
BEEYUAE R PR Y L R, T
R AR e 24 I 175 AN R R 2 A X X 2
WA 295 REMR, R X a7 W2 4 B T % R R
HER AR
1 ##l
1.1 (L&

RE-52 R 78 A ( g f AR B A BR A
A)); SHZ-MAEA K B2 IR (B mR2a{
AR ED) ; BB EA SRS (FRNILE
g S A A R A ) 5 Agilent]1260 /5 20 AH
A (S EZHERPHEABRA A ) ; LC-20AP
il & WA S (H AR EAF]) 5 Kromasil C18
WA SR (H AR R E R St) 5 SR
W RERE 254 WER (F BB TARAR) ;
SRR I LH-20 (A [ 25 42 A Ak 2= 1500 A PR
/Nl ) 5 HPLC-TOF-MS @43 B (& E 24

RHEARA R 3 X-4 805 B 806 500 E
I (R &) 3 Bruker AVANCE
Il 600 7= 73 BEAARE IR PEANL (75 [ 45 & va B4
A RRA ) 5 LDZX-50KB 37 20 77 78 15K B 4
(LG Z B r 28 ) 5 SW-CJ-ID B A\ ik
TAES (TR &S ABRA ) 5 Biotek FEpRiY
ELX800 (3 FEr 15 (&A1 BR A W) 3 HZQ-X100
TE IR 7 B F5 A0 ORISR AR B A PR A
A]) 5 DHP-022 L AAE I 15 R4 (E i H B 1E R
).
1.2 R

=R BREULE . BeR [P EBEZy (5EHT)
IR a3 /NI PN B QU BiNI 25 ¥ e mwii K <]
RARD. HRERGHEL, AERMT I RIFER
JoK (L TAY TERARAR) ; MR RGE
FrALFM G HE IR (F B i AR YR BR A
Al 5 96 FLARRIEEFRINL () M e A= Pt il ot A7
AT ; JoKCEE, CRROHE. =FAWkE. BT
BE. W, JoK R, WESEE sl (1L
TR REA E A A PR AT ) 5 4 B O R A BK T
( Staphylococcus aureus, SA-CMCC26003). KJpiR
i ( Escherichia coli, EC-CMCC44102)(Jtaidbal
BIBAEEARMISERE ) 5 4B EMEEKE ( Staphylo-
coccus aureus, SA-ATCC6538). #alGBH ( Shigel-
la flexneri, SF-CMCC51572)., #i% &b [Shigella
dysenteriae, SD-CMCC (B) 51252]. JC ¥ 5% &k
( Streptococcus agalactiae, SA-CICC10465). & 1
FEVPI T ( Salmonella typhimurium, ST-ATCC14028]
(S E A YRR RRA R ) o XIAFUGE 241 %
W CRWISE]: 20140813) HULA IR, 4
TR R SR D AR S 8 s SR AR W) 21 8 Arte-
misia anomala S. Moore I T4 13845, A (4
1 20140517) PRAFTHF AR 525w B 2 ik
FHIFE
2 HEEER
21 REALH

WO ZF W25 %E 30 kg ByiE S, JIA 70% 19 &
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BT 70 °C BUAHRER 2 Wk, A1 2 IRBGRE Bl
T B TCEE, 1SHAEY) 5.3 kg; Bf 5.3 kg HLIED
Jnzk 10 LiRE:, FAmit . =W e, 1E TS
BIFEI 3 UK, el H (TSS9 i) A5 810 A Sk
A EE . IETEERAIR T . A HEES R IE
ARERAE TS, LI - ZIROTRAR S 15 ¢ 1-
0:1-5:1-1: VA TR EEVEIN, 1533407 Fral ~ Fra7,
X Fra6 (0.8 g) 04k 52 2% FH TE A RE AL €633
PAAHEE - 2R WSS - 1 e, BEkaw1 (4
47 mg) ; P BEER e IE AR g, DA

FrihlE - - - IR ARSE8:2:1: 0.1,
6:2:1:01.4:2:1:01.2:2:1:0.1.

1:1:1:0.1 FEATRREEBENE, 15 %] Frbl ~ Frb7;
Frb5 (63 g) J1 SephadexLH-20 & (41545 55
TR 0.2% HRK - 05 (45 2 55) et il
HWANETE B, AR5 2 (87 mg).
59 3 (60 mg) FIfEEYS (525 mg); KiE
TR A 48 0 AR R AR (3, LR LT -
BERG L8 126 1—4 1 152+ 1 PEAT BB Ik
i, B 2P A Frel ~ Fre8; Fre6 F-£8 1F AH I IR
FEGE, DL bE - HEE6 1 ~ 4 1 TR
FEVENE, 15320 Fre6a ~ Frc6h, Frc6h (15 ¢g)
P48 SephadexLH-20 #E F AT (0,33 43 125, FH HY B -
K (70 :30) SFEEVEE, P 0.2% WK - 216
(62 :38) mEiil&WAHEATE 52, RIHEED) 4
(130 mg ), B mFEILE 1.

BT R R R SRR
Fig 1 Extraction of chemical components from Artemisia anomala S.

Moore

22 #MERE
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& 1~ 5 gty UL 2,

E 2 fba&W 1~ 5 gk

Fig2 Structure of compounds 1 ~ 5

&1 HEs M, TEXIMT 365 nm
WG, mp 117 ~ 118°C, 43 F C,H 05,
m/z X 177.0532 [M + H] ", 'H-NMR ( 600 MHz,
CDCl,, 6): 623 (1H, d, J = 6.4 Hz, H-3),
7.61 (1H, d, J = 6.4 Hz, H-4), 735 (1H, d,
J=56Hz, H-5), 680 (1H, dd, J =1.6, 5.6
Hz, H-6), 6.79 (1H, d, J = 1.6 Hz, H-8),
3.86 (3H, s, -OCH,)., "C-NMR (150 MHz,
CDCl,, 6): 162.8 (C-2), 112.5 (C-3), 143.3
(C-4), 128.6 (C-5), 100.8 (C-6), 161.1 (C-
7), 112.4 (C-8), 1558 (C-9), 113.0 (C-10),
55.7 (C,/-OCH;). LA b¥5¥ 5 SClikifis ™ i 7- H
A ORI REA 2, NS 7- B
HAHA T HR (7-methoxycoumarin ).

&Y 2. EER, =k - BEbE
DA, PEONEAERR L. ERIR - BEk s FHYE,
AR RN R, R B Y o L
Y, tEWn 1 CgH,O,, m/z: 345.0969 [M +
H] *. '"H-NMR (600 MHz, CDCl;, 8): 7.34
(1H, s, H-3), 6.59 (1H, d, J=7.2Hz, H-8),
7.26 (1H, s, H-2'), 6.97 (1H, d, J = 5.6
Hz, H-5'), 7.51 (1H, d, J = 5.2 Hz, H-6'),
4.05 (s, 6-OCH,), 3.98 (s, 3'-OCH;), 3.97
(s, 4-OCH,); “C-NMR (150 MHz, CDCl,,
5): 164.0 (C-2), 104.0 (C-3), 182.8 (C-4),
153.0 (C-5), 1303 (C-6), 155.0 (C-7), 93.3
(C-8), 1522 (C-9), 105.6 (C-10), 123.7 (C-
1'), 108.8 (C-2'), 1493 (C-3'), 152.0 (C-4"),
111.1 (C-5"), 120.0 (C-6'), 60.8 ( C,-OCH, ),
56.0 (C,-OCH;), 56.0 (C4'-OCH,). Vi FX¥dEY
SCHk P HRAE A S 2 B R (eupatilin ) FEAR—E,
HHEMZ AL S N 5, T- R H -6, 3, 4-—=H
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LR, RIS LB R,

&Y 3. w Bk g, 5 F Uk
C,oH,s05, m/z: 375.1079 [M + H] *. 'H-NMR
(600 MHz, CD,OD, ¢): 6.72 (1H, s, H-3),
6.60 (1H, s, H-8), 7.24 (2H, s, H-2', H-6"),
3.88 (3H, s, C~OCH,), 3.94 (6H, s, C;, Cs-
OCH,), 3.84 (3H, s, C,-OCH;). “C-NMR (150
MHz, CD;OD, 6): 166.0 (C-2), 106.0 (C-3),
184.8 (C-4), 155.6 (C-5), 1322 (C-6), 1583
(C-7), 96.0 (C-8), 1529 (C-9), 106.7 (C-10),
128.5 (C-1'), 105.8 (C-2'), 155.6 (C-3'), 142.1
(C-4'), 155.6 (C-5'), 105.8 (C-6'), 61.7 (C{-
OMe), 61.4 (C,-OMe), 57.5 (each, C;-OMe,
Cs-OMe ), HMBC #%7~, H-34 C-10, C-2 A1 C-1'
A%, H-8 5 C-10, C-6 fil C-7 #] 5%, NOESY .
7N H-3 FH-8 M6, LA b Bl 5 Sok U i iy
A B A B, stk A3 NS, 7-—
Bk -6, 3', 4, 5-PUH S ILEE, R AT
(arteanoflavone ),

LG 4. EEE T, R - BEM N 2
PE. 772 CH,00s, m/: 271.0600 [M + H] *
'H-NMR ( 600 MHz, DMSO-d,, 6): 6.73 ( 1H,
s, H-3), 6.14 (1H, m, J=10.8, 1.2 Hz, H-6),
6.43 (1H, m, J= 0.4, 12Hz, H-8), 7.90 (1H,
d, J =24Hz, H2'), 691 (1H, d, J = 2.0
Hz, H-3'), 6.89 (1H, d, J = 2.0 Hz, H-5"),
7.89 (1H, d, J=24Hz, H-6'), "C-NMR (150
MHz, DMSO-d,, §): 1655 (C-2), 944 (C-3),
181.9 (C-4), 161.7 (C-5), 103.1 (C-6), 164.0
(C-7), 99.4 (C-8), 161.8 (C-9), 103.7 (C-10),
121.5 (C-1'), 128.8 (C-2'), 1163 (C-3'), 157.7
(C-4'), 1163 (C-5'), 1288 (C-6'), LI I %k
P 5 Scik M HRGE TSR R A, B Z
FERAL Y 4, 5, 7- =R, IR
(‘apigenin ),

G s AR, 138 CL HOs, ms:
303.0495 [M + H] ", 'H-NMR (600 MHz, CDCl,,
6): 619 (1H, s, H-3), 3.50 (1H, d, J = 11.6
Hz, H-5), 3.71 (1H, t, J = 102Hz, H-6), 3.25
(1H, dt, J = 2.0, 10.2 Hz, H-7), 4.91 (1H,
dt, J =20, 104 Hz, H-8), 246 (1H, t, J =
1.2 Hz, H-9), 6.23, 5.64 (2H, d, J = 3.0 Hz,
H-13), 2.28 (3H, s, H-14), 2.44 (3H, s, H-15),
2.15 (3H, s, H-17); “C-NMR (150 MHz, CDCl,,
5): 133.5(C-1), 194.8 (C-2), 135.9 (C-3),
169.1 (C-4), 51.5(C-5), 813 (C-6), 549 (C-
7), 692 (C-8), 443 (C-9), 1445 (C-10), 135.9

(C-11), 169.2 (C-12), 121.7 (C-13), 19.7 (C-
14), 212 (C-15), 169.5 (C-16), 20.9 (C-17); 4R
P = 4k ¥ Rk 3% Bl HMBC % 78, C-10 5 H-15 A
X, C-16 5H-17#1 %, C45H-14M &,
COSY i & i 7~, H-55 H-6 #¢, H-6 5 H-7
X%, H-7 5 H-8 # %, NOESY i & h H-7 5 H-5
A H-9 IAAHE, Pl FE BAERLEY) 5 sk
P, SR 5 Sk U R 2 SRR A Y R
HA—Z, BRSPS R A A8 IR
( dehydromatricarin ),

2.3 KRUR o ] &

Jridi—: WXL HE 25 g, MATRIK 300
mL {272 30 min, 2 A 20 min (H ] AR
fin 50 mL #UK), K25, HAnA 350 mL 7K
A 10 min, WHZGW. B IF 2 WIRBURMR 415
XN BT WK AR 1125 2.72 g, Fric /KRR 1.

ik WX WG HE 25 g, IMARIZK 300
mL 21 30 min, =K IN#AE 3 30 min (H ] #D
JinZk 100 mL ), M 2539, FA 350 mL /K&
W20 min, W 250, 4kSzhn A 350 mL K 2
10 min, {0259, &I 3 UROK RO 46 15 2 X1
FWOK AR 2 3328 3.55 g, bRic M/KRIE 2.

24 TWHRE

241 ZHRECH] AW 7- HEAREFEE R, FIFE
MWK ATE . IR R ML AR A R,
DL 50% £ P W R ), e R B e B 4 ol i
56.82. 29.07. 26.74. 37.04. 33.11 mmol « L™ '
W X 3 UK B 1A X 2 00K B 2,
PLR 4l K A s ), X e )RR R ik R 500
mg * mL™ ' ARE; PHIEZS S R G, A
R, THERIBEZRIK, PIZEBACHER, B
B RE /3914 0.28 . 031, 0.13 mol-L™ ' fl¥AT -
P 24 Y A T A 2 e P

242 FAEACAIRESE FREL 18 g LR AL SR
FF 300 mL 281K H, F 121 ‘CKEE 20 min, Jo
WARIET, KR nRE 15 mL .08 T,
B 10 mLo B 1 mL 85 5REERFFRTHH, )
RS E®BA15mLE.0%, T37°C, 150
remin ' 5% 24 h, B 100 pL RS T 0B
JE¥EFRELE, 37 CHMVEREE AR 24 h,
PRI e F R R SR G 7R 24 h J5 45 .
243 /DR EUE (MBC) Fld /N e B
(MIC) WNRE SR AL E A & Db s
Wb, S Y g, BUESE 24 h B4
HRh 96 fLk, fL 100 uL; EE AL,
G FLANBHPEXT BR2G 5L SRk & W in 24 e 5 - 1)
FALA Y1 M 17.05 mmol « L™ ', {442 M
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11.11 mmol-L™ ", L4543 M 8.02mmol-L™ iz,
A 4 1111 mmol » L™ A2, L5475 M 9.93
mmol * L™ ' &, KRR LM 50 mg + mL ™
', R I ERE, Lo B, Mk
SHBZG AL R G 843 mmol » L™ ', 4
FHZM 929 mmol « L™ ', Jo/K TR RATEERM
3.94mmol » L™ "2, 3f5EREMREE, dho MEAE.
e 2 ja TR 490 nm Jl5E 0, 2. 4. 8. 24
h 6% E (OD) (i, 153 MIC, BB A
PRERCR B, SRR TR b, A&
A L p TP kS 35 24 h, TCIETE TR R 0 e/ Nk
RIS MBC,

RGN EY T-HRAREL R, BEF
WE ., AEEE, FoER .. AR NERE L
X ZF WK B 1 X0 23 OK B 2 X6 4 8 (0.7 72
BRPA (SA-CMCC26003 ) A4 w4 B ( SA-
ATCC6538) ¥ H AN B B P 16 4 (I3
1), Ay i B A X 4 (0 7 2 BR TR P TR A SR e
W, WA 3 TR, AT B 4 60 A BR
B SA-CMCC26003 [ MIC 4 0.03 mmol » L™,
MBC /033 mmol*L ™', FERRMPEIEIHRZ .
23 E IR R R PE P E AL BEER B Y B T
P IE T, 7- HEREH G R T X4 4
BRI BA RBERLIAN, ST RIRAE . K&K

PR TCFLAE R B A — R RCR, X
T BEER G BT TR A P A 7 s el 55 . KA Bk2l
DAL T T X DG L B R TR P P T 1 2, X
A EA —EPTREEE ), WA AR
(R T 1% 2 5 7 T TR ) e T 3 P A

MRAYE R 1 FE 4, XA BOK BT 16 KR
7w (EC-CMCC44102) . &3 [SD-CMCC
(B) 51252]. 13 %€ ¥ [T 1 (ST-ATCC14028)
MICFLAEBR B (SA = CICC10465) Y MIC YN
50mgemL ', JKFEI 2% L F B AR 09 MIC
16.67 mg » mL™ ', BRI X 2§ WK FOW 1 %F LA F B
FE IR MIC ¥ 20 SR K B 2 19 3 A% X 37 WK R
W1} 4 B (03 %9 BR B SA-CMCC26003 i) MIC
K 556mgemL ', Xf SA-ATCC6538 i MIC H
16.67 mg » mL~ ', JKBI 2 %F LA |2 Fl 4 ¥ @
7 % Bk A 1 MIC 4y 5] 4 1.85 mg » mL™ ' A1 0.61
mg + mL~ ', BRI ZFOOK AT 1 X 4 o5 € 1 7 Bk
A SA-CMCC26003 AV 2 /K R 2 14 3.01 4% 5
XIFFWOKFE 1 X452 B A8 4 3K T SA-ATCC6538
PR SR K B 2 19 27.33 /%, AN, KRR 2
il 28 7 VAT B /K BURIR B BOK B 1 il 4 7 vk
BEFIRTEZL 083 g (30.52% ), #EM, KA 2
() 85 T AR B0 A RN o i 22, PR B T
BOKRR 1 B3%

F1 BEAKEY (mmol - L) FXIFHKFE (mg » mL ") B MIC 1 MBC

Tab 1 MIC and MBC of compounds (mmol * L ™ ') and Artemisia anomala water decoction (mg * mL ")

. EC-CMCC44102 SF-CMCC51572  SA-CMCC26003  SA-ATCC6538  SD-CMCC (B) 51252 ST-ATCC14028  SA-CICC10465
R MIC  MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC  MBC MIC  MBC
[ asx/B! 568 568 568 568 0.06 171 171 17.05 — — — —  17.05  17.05
a2 — - — — 087 291 087 — — — — — — —
&Y 3 — — — — 0.03  0.33 0.80  2.67 0.27 8.02 — — 267  8.02
EY 4 — — — — 004 370 037  3.70 — — — — — —
k&S5 331 9.93 099 331 033 331 0.33 9.93 033  0.99
KA 1 50 — 1667 — 556 50 16.67 — 50 — 50 — 50 —
KA 2 16.67 50 16.67 — 1.85 50 0.61 556  16.67 — 16.67 - 16.67 —
I (Note ) : “—" FIREAAHUANGME (“—” without antibacterial activity ).

ZR LT, SR AIME IR B K R
[i) ] B A5 280 %) X0 FF WOK B 2 BOK R 1 PR
PR, 6 4 €0 4 BR A A BT TR R L R
/RS
3 it
3.0 BARAA A o ] A& frE b

AHIF 5 R T A (v | BEC A g 1k AN
RO AR & B ko B alif A3 2 5 A piRie &
Y, Hotb &5 (LA HNERER) b E IR
X 25 WM TR B A B AR s 2 5, F5Y
W & Bz & B PR s vE M BT
PEWFIR R, 5 AL Wi R DL O B 14 H

2756

H—EhWiEt. kew1 (1-HERFTR)
RN ELREY, HX KB aE . fmEEmn
P 4 (0 ) A9 BR AN JC LA RR B 2 B P
Hls SREECLEER . A AT SR R o s 2
EY, FEX S OEERE L EIREN
FRYEPT R ECE T DL & BT 4 o5 €0 18] 28 BR AT (1 T
PAORSS N . AT E I > PR R > LW E, 0
FR AP 25 it — 2 0 R A & W b 2R i 5
AR I AR 22 /DX AL B WP R I PR R
DL b S AMeA Y LR A W7 R VR
MOR R R E, X ORAERE N MIC iK5)0.03
mmol * L', MBC Jy 0.33 mmol » L™ ", %1%
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P13 RN AT AS 7] 2 174 2 85 B PR [ ] B OD o0 HEIMMEL
Fig 3
arteanoflavone at different time points

A. SA-CMCC26003; B.SA-ACTT6538

OD,y, values of 2 bacteria at different concentrations of
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Fig4 OD,, values of 2 bacteria at different concentrations of Artemisia
anomala water decoction at different time
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% F UHPLC-Q-Exactive-Obitriap-MS HJ
SEEABL AT AL B R AT

g gk, IR, kY, ASUURY, EAY (ldtmohmEsikes gk, dbn 102488; 2bsUEL A
ARl EERE, dbat 102488)

WE: B ATRSMRMEE - wRATF-HE29 5T oA (UHPLC-Q-Exactive-Obitriap-
MS ) %52 34T AT HAG AL 5 R - BAT Beik fRAT . ik SRR 2H oy kR & SR AT AT AU B S, A
0.1% FEAK (A) - TH (B) ARSMBATH RN, KA M5 FHTR (HESL), E.
BFREXT 5T — B — B RSB RLE, 454 T RIRE AT SR AT IT AL a9 1L 5 o it AT
FAE, BER ewd 121 A sdy, iR ERE, R RREFE. BRE. AMRESF,
FARAAGRELET ERNF RGN IELBNAE, Eib ALK T UHPLC-Q-Exactive-Obitriap-
MS HARE ST P2 mayEabik g oMk, AT RN Ry, Hik—F
A L 2h 2 R B RO S R AR ER A

KR 24T AT Hu; UHPLC-Q-Exactive-Obitriap-MS; L5k o HEAE; #E%
FESES: R284.1 XERFRIRAD: A MERS: 1672-2981(2022)12-2758-09
doi:10.7539/j.issn.1672-2981.2022.12.010

Chemical compositions in Chaihu Shugan pills based on UHPLC-Q-
Exactive-Obitriap-MS

LI Yu', ZHANG Kai’, SUN Jing', ZHU Bo’, XU Wen-juan’, DONG Ling”" (1. School of Chinese
Materia Medica, Beijing University of Chinese Medicine, Beijing 102488; 2. School of Life Sciences,
Beijing University of Chinese Medicine, Beijing 102488)

Abstract: Objective To determine and identify the chemical components in Chaihu Shugan pills
based on UHPLC-Q-Exactive-Obitriap-MS. Methods The test samples of Chaihu Shugan pills were
prepared according to the method in Pharmacopoeia, and the gradient elution was conducted with
0.1% formic acid (A) - acetonitrile (B) as the mobile phase. HESI was used to collect the primary
and secondary mass spectrometry data in both positive and negative ion modes. Finally, the chemical
components in Chaihu Shugan pills were characterized with the help of literature reports. Results
Totally 121 components in Chaihu Shugan pills were detected, including flavonoids, terpenoids,
phenylpropanoids, anthraquinones, and alkaloids, etc. The fragmentation behaviors of the main
chemical components were systematically summarized. Conclusion An accurate and rapid analysis
method of traditional Chinese medicine is established by UHPLC-Q-Exactive-Obitriap-MS. The
chemical components in Chaihu Shugan pills have been determined for the first time, which provids a
reference for further clarifying its pharmacodynamic material basis and establishing quality standards.
Key words: Chaihu Shugan pill; UHPLC-Q-Exactive-Obitriap-MS; chemical component; flavonoid;
terpenoid
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TRl | RSS2 E A TR B R ST RGE
SRS T8 5A &7 AL o o0, H R
e a5 U X SE &7 I ALUEAT T HPLC $5 80 & i
5%, 2020 4F R € E 25 ) FE S EF LY B i
E T AU E T 851 . JEAMS . FIJE AN 3
e o0 e R AR 1™, i FH 010 25 W 2H 1
FH LA ET AL T AR A . BRI,
ARG AT SE AT I LA A A B R, o B A
TR 8 IR RA ROHZS L FE ] 5 BT
S T A EAA AR

Q-Exactive-Obitriap H % & 43 ¥E % . & R
FERRES, REMMEREMSE &N AE T
H, HAre ) &z n T gy fe2g sl o i b B,
RS2 12 . At o B 24 i SR 6T
JFALERAETT 52 19 20 7 T B . A58 R ] UHPLC-
Q-Exactive-Obitriap-MS AR B YO 525 &7 LAk
ET AT RGO, A ERHES T TR
JRTE SR . SCHR R 25X Se A A I AL R Ak
ST YE R, WA R SE A AT I AL 22 oy
JiE o ZBIFIE S A SR A T A &Y I AL 2R
A REIUIR AR, vT A H 230 ot K 25 FRAIL
WPt — e LA
1 #

1.1 L&

Q-Exactive-Obitriap-MS 7 43 ¥ it 3% 1% it %
Vanquish ## =5 280 W AH 4 3% [ B A #0055 5 1 U5
(HESI ), Xcalibur 4.2 fb22 T AEv), 3% Thermo
Scientific 2y ] 15 8 HIH VR SB25-12 (78T
ZAEYRHE B ABRAE) s B8 K BT-
25S (AL BRI ARA PR AT ).

1.2 %

SEEHEFITHL (BIMS: 10 g/ AL, #E5 . 20210605,
oA A R IER A RA A FRiEHR L
5. BriE iR . ik i (3¢ Thermo Fishier
INTD), ZEMEK RYIE 2K A FRA T ).

2 Ak
2.1 FEE A

FE il il £ 2 2020 ARl [ 2 ) — R4
HAEF I ALIO T (A il 6 o ik ), BUR i —Jusy
WEIEIRA), KEEHRI 2 ¢ BT HEREM T, K
FANA 70% HBE 25 mL, BEGERE, ICHE
o, B SRR, B (T
180 W, % 35 kHz) 50 min, % )5 FR &,
FELL 70% B BERS AN IR I i, FRAIES
IERe, i 0.22 pm FLUERE RN,

22 HEKE
221 %M %4 Waters ACQUITY UPLC

BEH-C18 1 (2.1 mmX100 mm, 1.7 um); 3% 3
HARO0I%H R AK, JWaltHBRN NG, B
e W (0~ 15 min, 5% ~ 40%B; 15 ~ 20 min,
40% ~ 80%B; 20 ~ 24 min, 80% ~ 100%B ),
Ji# 0.3 mL » min ', YEEEE 3puL; FEIR 40°C.
222 JRIESAM RAHESIE PR, fEIE. ME
F AR B T, ETERT m/z 100 ~ 1500
Da; B FHIEE 350°C, HEHEE, BHEHR
T, EEERIESNIN 4KV, 35V, 110 V; il
W 20 arb, AU 40 arb, PIE RN A
— R R LA e = B S, B
FHPEE 30 000, ISP 15 000,
K ABHRHATPERH 72X, CID i =,
23 HAEAIE LT

PL“2.27 TR 254 X 46 60 &7 I ALRE 5
(80mg * mL™ ") FE1E. B T4 N 40 kA7
K, F454 Xcalibur 4.2 004 %k #6045 51 0E 17
AT, AR R — s o B il w02 IR e
P RER 78, RIS m2ZE N o < 5X10°°, I
GE ORI R R Em L EFE R, &%
PubChem ##is 12 S AH 56 SCHik,  %F S84 AT LAY 1k
“E A TREAT
3 ERE55MH

BENE . PR TIC AT iR E L
FL, g4 Sk U, R g Y SE i ET T L 70%
H B B0/ P Y 121 M2l sr, ALFE B2k
EW 464, WERILEY 314, ERMRELEY
A, ENREBRLEY 214, KESLEY 314,
BB 6 1, MBI EW 41, LY
KEW e, FUREMUEY 31, HMZ
Y174, BARSERILE 1,
31 EgmEis

SEFAET I AL AR 2R AL A W B ORIE T
JEAN, BEMR, PE. B2, ESRm. 2256,
Reticuline, 2 H F /K@, MM, L&
Y1 oA, EE TR NS TET (M +H] T,
m/z118.09), #eFH o+ CHNO,, 75
Rerh R R BT mz 59.07, m/iz58.07, JEHIE
PERER BT M + H-C,H,0,] 7, [M + H-C,H,0,] ",
SR, WAL A Y AR, RIET
JERN B 29, EEFREA TS TFET (M+
H] ", mz286.14), #fESHAFN CH,NO;,, —
YRGS BTN [CH,0] T, m/z107.05, MibA
YITE C-N L & A o- B4R T P2, Sy SR A
IR EPERE ST, g Saik ', Wik &
Yk S50k, AIRF 525, [faaA LK 2,
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F1 EWRTFTANULERSLETER
Tab 1 Identification of chemical components in Chaihu Shugan pills
e
o st Y wn DF gt — YR e
min X10

1 [M+H] 1.15 118.09  0.634 C;H,NO, 58.07, 59.07 FEn JEAD

2 [M+H]" 1.20 136.06 — 0.160 C;H,N,  119.04 sy ) 5

3 [M+H]" 1.23 182.08  0.221 C,H,NO, 87.04, 96.04, 111.04 it o i P EPIN

4 [M+H]" 124 156.10  0.159 C{H;NO, 113.06, 124.08 FEAgR HEA

5 [M+H]" 1.61 268.10 — 0.337 C,,H,;N;0,70.07, 133.05, 136.06 ity B LY /2

6 [M-H]~ 1.75 331.07  0.474 C,;H,0, 125.02, 169.01 TR -3-05-D- HiAMHE ™ Kk

7 [M+H]" 1.79 132.10 — 2.386 C;H;NO, 69.07, 72.94, 86.10 TR P =y

8 [M+H]" 1.90 199.06 — 1.456 C,H,,O5 154.99, 181.10 F55 2 iy

9 [M-H] ™ 237 169.01 3.551 C,HO; 125.02 BT ™ PN WARES]

10 [M+H]" 2.93 127.04 — 1.815 C;H,O0;  81.03, 109.03 5- F2 g B W5 /I /B

11 [M+H]" 4.22 205.10 — 2.897 C, H,N,0, 121.03, 135.04, 149.06 g% PN

12 [M-H] 433 577.13 0914 CyH,0,, 125.02, 289.07, 407.08 JEAET % B KHE

13 [M+H]" 4.93 265.15 — 3.805 C,,;H,)N,0; 145.03, 177.05 N-feruloylputrescine™” JEERD

14 [M-H] 496 495.15 3.731 C,;H,0,, 61.99, 93.03, 137.02 AATE P FIAS

15 [M+H]™ 5.01 355.10 — 2.671 C,H;0, 136.02, 161.71, 163.04 ESYEN R Sl /1S

16 [M-H]~ 521 183.03 2241 CH,O; 61.99, 103.92, 154.91, 168.00 AT * Eis}

17 [M+H]" 6.24 314.14 — 4.312 C,H,,NO, 205.06, 237.09, 265.08, 297.11 FH SRR L2

18 [M-H] ~ 6.29 289.07 3.962 C,;H,,0, 109.03, 123.04, 203.07, 245.08 eSS KHHA

19 [M+H]" 630 595.16 — 3.539 C,,H, 0,5 295.06, 325.07, 337.07 KRR Z -7-0- 25 1Y CES

20 [M+H]" 6.64 625.17 — 3.969 C,H;,0,, 317.07, 325.07, 355.08, 367.08, 409.09 7KflH " Sei]

21 [M+H]™ 7.18 565.15 — 2.870 C,H,0,, 271.05 s HE

22 [M+H]" 7.20 330.17 — 3.255 C,,H;NO, 137.06, 192.10, 299.13 Reticuline™ JEAR

23 [M-H]~ 7.43 479.15 — 0.205 C,;H,0,, 113.02, 479.15 OESTIF R HA

24 [M+H]" 8.11 611.16 — 2.325 C,;H;,0,, 71.05, 85.03, 303.05 P S

25 [M-H] ™ 8.18 431.10 — 0.031 C,Hy0,0 240.04, 269.04 PR R 8O- WA Y R

26 [M+H]" 8.36 195.06 — 2.027 C,,H,,0, 117.03, 145.01, 177.05 PR o9 E1E|

27 [M+H]" 8.38 177.05 — 2.376 C,,;H;O, 117.03, 145.01, 149.06 P Sei]

28 [M+H]" 8.39 286.14 — 2.237 C,;H,,NO, 107.05, 143.05, 237.09, 269.12 15 245, ) 5,2

29 [M+H]" 8.44 465.10 — 1.897 C, H,0,, 147.04, 169.1, 289.07, 303.05 2, 3,5, 6, 7- WURSLHE -2-0- ¥4

ikl

30 [M+H]" 8.48 257.08 — 2.121 C,;H,,0, 137.02, 147.04, 211.07 P 52

31 [M+H]™ 8.54 463.09 — 3.439 C,,H,4O,, 269.04, 287.05 pigos S pigs

32 [M+H]™ 8.78 268.13 — 1.474 C,,H,;NO, 191.09, 219.08, 251.11 asimilobine®” JEERR

33 [M+H]™ 9.02 307.12 — 1.904 C,;H O, 235.06, 259.06, 274.08, 289.11 ThpEER Bl X

34 [M+H]" 9.03 549.16 — 0.978 C,H,0,5 279.06, 309.08, 363.09 8- BaIRLAIWEIL -6- HIAIMIL -5, 7- #H

TR 1

35 [M+H]™ 9.69 453.18 — 0.515 C,Hy;0,, 231.06, 273.11, 291.12 5-0- T AR BT A - 1 B XL

36 [M+H]™ 9.72 579.17 — 1.039 C,Hy0,, 85.03, 271.06, 272.06 A = s

37 [M-H] ™~ 9.73 631.16 — 1.801 CyH,0,s 102.06, 121.03, 151.00, 169.01 BAFEATZH ©) FIA]

38 [M+H]™ 9.78 273.08 — 1.135 C,sH,,0; 153.02, 147.04, 171.03, 119.05 il W5 /I R

39 [M+H]™ 9.79 581.19 — 0.881 C,,H,,0,, 273.08, 195.03, 153.02 SR B 5 /T B

40 [M+H]" 9.91 609.18 — 0.093 C,H,,0,5 301.07 FIAH ® AT

41 [M+H]" 10.05 611.20 — 1.532 CyH,,0,s 303.09, 177.059, 195.03 s ey B e / /T
Wik

42 [M+H]™ 10.06 517.13  0.556 C,sH,,0,, 163.04, 135.04, 145.03, 129.01 SRR A/ SREEIFRR BN ES|

43 [M-H] ™ 10.70 509.16 — 1.753 C,H;,0,, 121.03, 129.20, 174.95 HFE DB FIAT

44 [M+H]™ 10.77 551.17 — 1.247 CyH,0,5 257.08 HHEEZ 4 gl 0 HE

45 [M+H]" 11.06 255.06 — 2.216 C;sH,,O, 93.07, 121.10, 131.05, 137.02 SL7EYPNCES pigs

46 [M+H]" 11.17 449.11 — 2.823 C,H,0,, 169.01, 187.02, 273.07 Mot pe A 9 W /75

47 [M+H]" 11.18 419.13 — 1.572 C,,H,,0, 137.02, 257.08 AR R HHE

48 [M+H]" 11.28 347.08 — 2.547 C;H,,0, 314.04, 317.03, 332.05 4- 238 2- FA LR Y BA7e 15 5 1 WREE

49 [M+H]" 11.29 507.11 — 1.868 C,;H,,0,; 301.03, 316.06, 331.08 2,5, 6- =7, 8 THH S

FETER -2-0- HinphER
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gx1
NERS
No. Bt mitn D gt — SR i
min X10
50 [M+H]™ 11.30 261.11 — 2.166 C;sH,cO, 131.05, 159.04, 189.05, 243.10 SokfiER & ROC /1 Bk
51 [M+H]" 11.44 287.06 — 3.917 C,sH,,0, 139.00, 153.07, 223.04, 241.05, 269.04 AJR#iZ TR /A H
Zavu il
52 [M+H]" 11.65 417.12 — 2.106 C,H,0, 267.06, 297.07, 321.07 PNTA: St
53 [M+H]" 12.17 449.11 — 2.823 C,,H,;0,, 169.01, 187.02, 273.07 PNER A
54 [M+H]" 12.41 303.05 — 2.736 C;sH,,0, 161.06, 169.01, 187.02 itz % 20 Sl /1K ) SR/
vl
55 [M+H]™ 12.47 593.18 — 3.021 C,H,,0,, 285.07 EIa AT
56 [M+H]" 12.61 477.10 — 2.939 C,,H,,0,, 286.05, 301.07 MBI E -7-06-D- FH PERARR  #5%
ﬁf [18]
57 [M+H]™ 12.81 595.20 — 3.364 C,H,,0,, 287.09 iy O i
58 [M+H]" 12.87 461.11 — 3.422 C,,H,,0,, 270.05, 285.07 DU 1Y B
59 [M-H] ~ 13.08 415.10  1.015 C,,H,,0, 253.05 KEE -8-0- FwimE > K#E
60 [M+H]" 13.11 247.10 — 2.936 C,,;H,;,0, 201.09, 214.06, 229.09, 247.10 SEAERTI N R B W5E /R 1 R
61 [M+H]" 13.70 839.40 — 2.581 C,H,0,, 487.34 HH A GHY HH
62 [M+H]" 13.93 187.04 — 3.532 C,,H,O, 131.05, 143.05 R ™ B4
63 [M+H] 14.19 445.15 — 3.524 C,;H,,0, 105.03, 407.22 1, 3-O-diferuloylglycerol™ =4
64 [M+H]™ 14.51 725.23 — 4.096 C;;H, O, 361.09, 389.08, 404.11, 419.13 melitidin™’ Hoe | R R
65 [M+H]™ 14.64 217.05 — 3.894 C,,H,0, 161.06, 174.03, 202.02 MR " Bl XL
66 [M-H] ™ 15.02 445.11  2.442 C,,H,,0,, 240.04, 283.06 KR PEE -8-0- FaipH ' Kok
67 [M+H]" 1521 331.08 — 1.349 C,H,,0, 169.01, 183.03, 298.05, 316.06, 7, 3= R 1 e
68 [M+H]™ 15.56 271.06 — 4.316 C,sH,;05; 123.01, 169.01, 253.05 Fregt vl E-IN; Wk
69 [M+H]™ 16.40 269.08 — 3.848 C,;H,0, 213.09, 254.06 P i =
70 [M+H]" 17.26 823.41 — 2.808 C,H,0,, 453.33, 471.34 Hwig HHE
71 [M+H]™ 17.27 221.19 — 2.902 C,;H,,0  95.09, 119.09, 147.12, 203.18 AAbp T B W
72 [M+H]™ 17.30 343.12 — 2.666 C,;H,s0, 135.04 PP At 4 — A e S e B FE
73 [M+H]" 17.47 47120 — 1.134 C,H, 05  95.01, 161.06, 425.19 Friggr s B HLTE /7 0% 1 B
74 [M+H]™ 17.80 533.24 — 0.270 CyH;O,0 95.01, 105.07, 161.06 KA FASE /B WRp
75 [M+H]™ 17.92 313.11 — 0.767 C,4H,05 255.06, 269.08, 270.09, 298.08 5, 7, 4- =HEILER > W5 /I BRI
76 [M-H] ~ 17.97 283.06  0.071 C,;H,0s 163.00, 239.03, 268.04 K E R Kk /&
77 [M-H] ~ 18.10 253.05  0.572 C,sH,,0, 209.06, 225.05, 253.05 Ky KHE
78 [M+H]™ 18.11 403.14 — 0.854 C,,H,,0, 330.07, 355.08, 373.09, 388.11 NI Hz 3¢ &Y T /T 1 B
79 [M-H]" 18.14 781.47 — 1.956 C,HO,, 45532, 47135, 617.41, 779.46 SR AT D/ SR A/ S St
B2 B,
80 [M+H] 18.17 315.09 — 1.379 C,;H,,0, 282.05, 285.04, 300.06 3-0- ZREHLIE MR BY B
81 [M+H] 18.24 277.11 — 3.717 C;;H,;0s 205.05, 259.10 Z B A
82 [M+H]™ 18.29 375.11 — 0.544 C,,H,;O; 327.05, 345.06, 360.08 PRI P R B EPiN;
83 [M+H] 18.33 51523  0.429 CyH,,0, 133.06, 161.06, 205.05 oAbk &Y RIE 135 1 1 R
84 [M+H]" 18.39 285.08 — 0.456 C,;H,,0; 168.01, 186.02, 270.05 DA R /7- P Y e
85 [M-H]' 18.62 821.47 — 0.599 C,H,,0,, 471.35, 617.16 2" ZBESESERA IR A3 LI L5
B A A/A"- 2 RS By
A2"- ZTRFEEEE A D6 LTk
LY A Al
86 [M+H]" 18.63 433.15 — 0.182 C,,H,,0, 399.11, 403.10, 408.18, 418.13 3, 4,3,5,6, 7, 8- LHAI B/ HE/HE
R )
87 [M+H]" 18.64 433.11 — 1.439 C,H,0,, 385.09, 403.10, 418.13 FEHE -7-0p-D- s 1Y S
88 [M+H]™ 18.66 357.13 — 0.406 C,H, 0 301.07 BRpRy M T
89 [M+H]™ 18.71 245.12 — 0.575 C,;H,(0, 171.12, 181.10, 245.12 12 pfig 1524
90 [M+H]" 18.72 318.28 — 0.475 C,,HsNO 256.26 22, 5
91 [M+H] 18.77 359.11 — 0.193 C,,H,0, 298.08, 326.08, 344.09 5-FHE -6, 7, 3, 4-UHESLEE B/ R
i 2
92 [M-H] ™ 18.80 247.13  4.407 C,;H,;0, 116.93, 203.14, 221.15, 247.13 AT © N
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gx1
. 1R/ . . . .
No. ESI  ° Jlsg(H TR TYE et p3i
min X10
93 [M+H] 18.91 193.12 — 0.188 C,H,,0, 57.07, 129.02, 137.06 PRI PTG AP EE
94 [M+H]™ 19.08 45535 — 0.773 CyH,O, 95.01, 105.07, 161.06 FIHERG R = SETME / FIAT
95 [M+H]" 19.17 355.12 — 0.520 CyH, O 299.05 R 40 H
96 [M+H]™ 19.21 249.15  0.156 C,sH,,0, 152.92, 180.91, 203.14 AR 0 AR
97 [M+H]™ 19.44 389.12 — 1.835 CyH,,0; 316.06, 339.09, 341.06, 359.08 5-0- ZHIEN Bz % © W5 /R /R
98 [M-H] ~ 19.75 269.05  2.565 C,sH,,0s 197.06, 225.06, 241.05 KigE P K#E
99 [M+H]™ 19.77 189.09 — 2.360 C,,H,0, 128.06, 143.09, 153.07, 189.09 TSR BT e
100[M+H]" 19.84 375.14 — 1.785 CyH,,0, 247.10, 260.07, 275.09 ledebouriellol"” Bij
101 [M+H]" 19.98 191.11 — 2.544 C,H,0, 117.07, 145.10, 163.11, 173.10 ERNGITE K15
102[M+H]" 20.39 221.19 — 2.631 C;sH,,O  57.07, 147.04, 165.05 Bdictyopterol™ G
103 [M+H]" 20.45 213.13 — 3.199 C,;H,,0 180.09, 195.12 benzeneethanol ™ 15|
104[M+H]" 20.45 231.14 — 2.926 C;H, 0, 83.09, 143.09, 185.13, 213.13 HRZE R R ALY 525
105[M+H]" 20.77 219.17 — 2.701 C;sH,,O  201.16, 163.11, 135.08, 121.06 (4) -t FE = b
106[M-H] ™ 20.80 483.31 — 0.974 C,H,05 409.27 A B B A
107 [M+H]™ 20.84 329.10 — 3.266 CH,O, 329.10, 314.08, 313.07, 299.05, 271.06 4- ¥t -5, 6, 7- =HIEIEE = #I5E /35 5 / Mok
108[M-H] ~ 20.85 233.15 — 2.687 CsH,,0, 215.14, 187.15, 145.10, 119.09 AT B KA
109[M-H] ™ 21.53 48133  0.132 C,H,0, 42131 g c wE
110[M+H]" 21.81 273.15 — 4.104 C,;H,,0; 213.13, 171.08, 143.08, 105.07 LR 2T L2
111 [M+H]" 21.83 149.02 — 3.896 C;H,0,  121.03, 107.09, 93.07 AR R & EJEPRECY-}
112[M+H]" 21.85 229.12  1.020 C;sH,0, 211.13, 167.14 FA R4 FR
113[M+H]" 21.87 205.19 — 3.545 C,;H,, 149.13, 121.10, 109.10, 95.09 a- Fe§H oY M
114[M+H]" 21.89 279.16 — 4.247 C,H,,0, 149.02, 125.10 AR R T R B B 15|
115[M+H]™ 22.43 35327 — 3.952 C,H,0, 335.26, 261.22 LRI e
116[M-H] ~ 22.84 52737  0.244 C;;H,0, 465.34 rEEmm ™ W
117[M+H]" 23.13 457.37 — 4.421 C4H,0, 203.18, 189.16, 163.15 FREUR G G
118 [M+H]" 23.17 439.36 — 4.250 C,H,,0, 203.18, 189.16, 95.09 R AP iyl
119[M-H] ~ 24.04 467.35  1.729 C,H, O, 337.26 FAWTLIR ™ w2
120[M+H]" 26.15 473.36 — 4.239 C,H, O, 47336, 299.93 JEE AR B EPiNY
121 [M+H]" 26.17 122.10 — 0.458 C;H,N  107.54 N- 22K ™ E
B2 R . ST RE R SRRt
Fig2 Fragmentation pathways of coclaurine and betaine
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Fig3 Fragmentation pathways of chlorogenic acid
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Fig4 Fragmentation pathways of simple substituted flavonoids
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Fig 5 Fragmentation pathways of luteolin
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Fig 6 Fragmentation pathways of rutin
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Fig 7 Fragmentation pathways of baicalin
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Fig 8 Fragmentation pathways of anthraquinones
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Fig9 Fragmentation pathways of psoralen
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Fig 10 Fragmentation pathways of oleanolic acid
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Fig 11 Fragmentation pathways of cimicifugin
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Fig 12 Fragmentation pathways of catechin
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3N L G BALRE A . R KR EHa 3 AL L5 b 46 AP EL RS, 4R
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GC-MS and antioxidant capacity of volatile oil from the roots, stems and
leaves of Astilbe grandis

ZHANG Lu, ZOU Juan, YE Jiang-hai, PAN Lu-tai, HE Kang" (Guizhou University of Traditional
Chinese Medicine, Guiyang 550025)

Abstract: Objective To determine the constituents and antioxidant activity of volatile oil from
the roots, stems and leaves of A4stilbe grandis. Methods The essential oil was extracted by steam
distillation and analyzed by GC-MS and peak area normalization method. With L-ascorbic acid as
control, the antioxidant activity of volatile oil in the 3 parts was determined, with DPPH scavenging
rate and hydroxyl radical scavenging rate as evaluation indicators. Results Totally 46 components
were identified from the 3 parts of Astilbe grandis: 41, 45 and 46 components were identified from the
roots, stems and leaves, accounting for 87.88%, 81.15% and 74.74% respectively of the total volatile
oil. The scavenging rate of DPPH showed the order of L-ascorbic acid > stems > leaves > roots,
and the scavenging rate of hydroxyl radicals showed the order of L-ascorbic acid > stems > roots.
However, when the mass concentration of the leaves of Astilbe grandis was less than 0.25 mg * mL~ ',
the scavenging rate of hydroxyl radical was higher than that of L-ascorbic acid. Conclusion The
volatile oil in the roots, stems and leaves of Astilbe grandis shows small difference in components and
big difference in the relative content of components, but all with certain antioxidant activity.

Key words: Astilbe grandis; volatile oil; GC-MS; constituent analysis; antioxidant capacity
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FEARRMR . B- 7 S BE . X HRGRFEE. T HFRHF
fig . A5PK T HR - (2- 2K ) BiE. WL -a-D-
DRI SRR . ki U A LAY, R H A
R ZHONERRHAL G Y itk PIRAME K
PR IO 2R A M LT M, AR IR A X R
HIPITE T IO R AT g ERl B Y, SR GC-MS
FoAR R g i B — A X RIS AR . 25, 13
AN $5E I oy S e AT AT, IR 3
ASFRALIE KR RSN AR TR T, DU R RV B
TR SR FHERAES K
1
1.1 R

K 9% #r 1 Astilbe grandis Stapf ex Wils., 24
PR A S A 7S EK T e L, stk
22 ERERK A S M IE S o A0l R A ISR K% B
ERR, 25 3 A0 L- ORI . FRfz I
BREKEY . Kk, JoKEERG (e, -
W22 M AE AR REE A IR A FED) 5 1, 1- 2R3 2-
WL B 2L (DPPH, b B v AR AL A PR
Al) s 30% A EAL R (brat, KRR
FHFAE AR s KR, IECkE (Orad,
KT & TR TAHBRA A ).
1.2 (L&

HP6890/5975C GC/MS 1t AL (3 [ % HE 18
oNHE) s B (5 Eppendorf 4] ) ;3 UV-1800
Sy HE SR AT WA (S B3R 5 M AT BR 2
Al )5 JA2003 1752 —H TR (L&
HERAFRAF )
2 Fik
2.1 ER R

BORVEBAMR . 25, RS, BriEad 2
ST, B PRES FRA3AE 100 g T 2000 mL
RSB0, A 1000 mL 7% 18 7K 7 3% B B %1
i, SR P EZG ) 2020 AF R DU ) 2204 5
Fi R B, 6 h, PR IES
FEAEEL, 1F O )2 B JCK SRR 0 T8, 8l vl
AT BB FER SR IR 0 IRGE TR Y
2.2 GC-MS o 41
221 SAMEIERM EAREH: HP-SMS St Ao
B (60mX0.25mmXx0.25um ), FFTHE,
FEIAIRE 50°C, {4#4F 2 min, LL3.5°C «min ' T+
MRZE 208°C, FLL12°C e min ' FHREZE 310°C, i&
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TTPRFF 55.64 min; #A: =4l He (> 99.999% ) ;
FERTE: 16.66 psi, WiiE: 1.0mL s min~ ' Z3
20 : 1; JAEFIAERAESE] . 6 min,

222 IS BLE; B FURIRE: 230°C;
VOB AT L EE: 150°C; HLFHE: 70 eV; K HTH
Ti: 34.6 pA; fHEIGARHL R 1682V R
280 °C; FHETERI: 29 ~ 500 amu.

223 FARALEE R BUE A HLEE R G
B U i A% 0 AT R & SR H Nist20 Al
Wiley275 Frifie J5 i % 25 7 i 1l v i) 45 e b 4 5 A%
X, IR A 0 T AR A — Ak 0 2 B A T 46 Fif
5 I A2 B A3 AR T i 0 B8

23 HAfE LN E

2301 MEAIATRECH]  BORIEHTIAM . 25, i
RIMT 50 mL &I, FHIC/K B il i o £ ik
JE 4 0.031 25, 0.062 50, 0.125, 0.25. 0.5, 1.0
mg * mL™ ' BFE A, T RCAR AT,
FE ST PR LA -

2.3.2 DPPH H H3LIEBRAE IR S5 Sk
3o A5 B0 1 mL b3 R [R) oo R 3 4 R i i
75 1 mL 0.2 mmol+L™ ' f) DPPH Z A RIR S,
WEOLHEE 30 min 5, H AN EL T 517
nm AL EA 3 R (BCEE) M HWOGREE 4,5 7F
IFEZMHT, FFREFICK B E DPPH 4
VWA RO 4,, FRAFIGK 2R
BIAE A IR SR N RO Ao BC IS4 i
R I o5 6 8 1) L~ O IR Vs YA Ay B P %o R
O A ISR, ERE (%) =[1 —
(A, — 4,) /4,]X 100%.

233 FAELA HIEVERRAE I E R Fenton 74,
Xof SCiik U R D R RS R, B 6 AR, K
I A 1mL6mmol s L™ ' FeSO, A & 5 1 mL 6
mmol « L™ ' H,0, i W, SR J5 P43 AR om A1
mL “2.3.17 T AN [) Jo i TR AR VA TR, BRAD,
#E 10 min, S5 A 1 mL 6 mmol « L™ ' /KR
LFERI, FEA), 8 30 min, 7E 517 nm AbSEAT
3 (BCFSAME) M GEE A, FARFIAFR RS TC
IK CBEARTE RIS BT I & MR S VA0 2 2 ) e
WICEE Ay, FFHFATN oK CBACEAR & B
I H,0, 1 RIEHT IO A eE i, AW
WOCHE Ay M S ST B VR BEAR ] Y L- PUIR I
PR VAR A FEPEXT RE 4 =0 H S bR
R, EREFR (%) =[1 — (4, — 4,) /4,1 X100%.
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HKZER RN RIEER, 2, 03
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0.31%; HUUEZE, WGIFEN 0.26%; W EIIGIR
A%, 4 0.06%;

3.2 ERIMERS

RIERIEFER . 25, 3R mm 8T
B S Y 46 BB BT, KLY R
BeIE Aoy, A/ T, RS AR
AW . o 1 /R IE R AN
B SEMS . Ekef o, 12, 15-F/\Bk =4
i R A e 22 A Tp G . AR ER 1. K
FOHIAMR . 25 MR PR E LA 1,

1 RVEBHIAR (A), 25 (B), W (C) PRSI B 8 1
Fig 1 Total ion current diagram of volatile oil components in the roots

(A), stems ( B)and leaves ( C) of Astilbe grandis
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14- =L 2~ Fikelil . Foshke. MR,
Wldke . BEke. Eke. 3- IEC bE . AR HE
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PRI ST 74.74% Horh E 2 1 B s 2IIE
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ke, AT =k, kS B
CLeds, Lotk ay, KSR T
HIET/\BE. ke, T75ke, M
HI/NF 1% LG YA 35 Fie

SRRUL, RYEBFAmR ., 2=, &M EL
WAL, FEZERE AR, B2,
BRUAKEBERACA Y s (BSR4
AR A T 225, ARAZE B s o
SRR, HUOh Uk T B e Y
WA 6, 10, 14- =B -2 Fobefi, HRkZ
M2REE, S Z BN EES L 1,

3.3 DPPH B £ #E k&

KEFAMR . 25 Wrp 3L L- PUIR MR
TEARI R (0.031 25, 0.0625. 0.125. 0.25.
0.5. 1.0mg+mL" ") iy [ A 3G B R W& 2 fir
o M2 AL, 3 ASERAL Y45 Al % DPPH H
LA TE PR AE S om 55 25 >0 > AR & il
() DPPH ¥ % R 78 Ji € 4 1.0 mg » mL~ ' i}
e, N 22.75%; 2P R IR TR E R 0.125
mg » mL~ ' I E PR R AR (66.19%) 5 MR L
TH 1) DPPH V85 B 2% A Bl 45 0 o v J3E 1 334 o iy 444
K, MR R 0.25 mg « mL™ B, R(E R
37.32%.

34 AEBBHAFRES

KEEHIR . 25 WP R A L- PUIA MR
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F1 KEHER. £ HRELHRSENSE

Tab 1 Relative content of volatile oil components in the roots, stems and leaves of Astilbe grandis

i T AR TR FxE e o
it ES nt
1 cyclohexane (I 4%) CH,, 84 21296  13.451 4.018
2 cis-1, 3-dimethyl-cyclopentane (JIizt, 1, 3- —FIILH bz ) CH, 98 0.944 0.573 0.221
3 trans-1, 3-dimethyl-cyclopentane (X, 1, 3- —FIRLIRLE) C.H,, 98 0.608 0.325 0.148
4 trans-1, 2-dimethyl-cyclopentane (JZ:X, 1, 2- “HIELIRbE) C,H, 98 0.907 0.545 0.213
5 methyl-cyclohexane ( I EEIA NS¢ ) CH, 98 2.940 1.947 0.716
6  ethyl-cyclohexane ( ZIEFRIIAE) C.H, 98 0.411 0.315 0.105
7 3-methyl-hexane ((3- F 3t b¢) C,Hq 100 2.131 1.330 0.522
8  heptane (F#ke) C,H, 100 2.281 1.572 0.566
9  ethylbenzene ( 2.7 ) CgHy, 106 0.133 0.147 0.051
10 o-xylene (4 —HIZE) CH,, 106 0.937 0.767 0.279
11 1, 2, 4-trimethyl-cyclopentane (1, 2, 4- = RLIR b ) CeH,g 112 0.359 0.252 0.098
12 cis-1, 3-dimethyl-cyclohexane (JIizX, 1, 3- “FJLIRC i) CH, 112 1.246 0.629 0.315
13 trans-1-ethyl-3-methyl-cyclopentane (JZ 3, 1- 3k -3- FIELERC ¢ ) CH, 112 0.327 0.232 0.087
14 (cis/trans ) 1, 2-dimethyl-cyclohexane (i / Jz2 =X, 1, 2- WIS L) CgH 112 0.510 0.384 0.118
15 1, 4-dimethyl-cyclohexane (1, 4- —FIJLIRE k¢ ) CeH,g 112 0.327 0.248 0.089
16  ethyl-cyclohexane ( ZIEIRC ¢ ) CHy4 112 0.525 0.412 0.159
17 2, 3-dimethyl-hexane (2, 3- "HIZEC4E) CgH g 114 1.327 0.983 0.345
18  2-methyl-heptane (2- HF1 EEBH4% ) CyH g 114 0.474 0.305 0.121
19  3-methyl-heptane (3- H3Lp4 ) CHg 114 0.949 0.745 0.275
20 octane (k) CHjg 114 1.943 1.455 0.512
21 1-ethyl-3-methyl-benzene (1- Z.3& -3- I 3L ) CoHy, 120 0.145 0.118 0.092
22 1, 2, 3-trimethyl-benzene (1, 2, 3- =HI %) CoH,, 120 0.165 0.141 0.057
23 2, 6-dimethyl-heptane (2, 6- —HIE:Bike) CyHy, 128 0.413 0.342 0.124
24 3-methyl-octane (3- F 345 ) C,H,, 128 0.349 0.258 0.099
25 nonane ( T-%¢) CoHy, 128 0.324 0.258 0.105
26 decane (Z$4¢) CoH,, 142 0.041 0.019 0.021
27  alpha-terpineol ( a- FAIHITE) C,oH,,0 154 1.071 0.300 0.025
28 5, 9-undecadien-2-one, 6, 10-dimethyl-, (E) - (FFMH-ILHT) C;H,,0 194 — 0.278 0.193
29  tetradecane (-PU%E) C,Hs, 198 0.805 0.639 0.559
30 2, 4-di-tert-butylphenol (2, 4- —T 2Kl ) C,.H,,0 206 0.337 0.938 0.186
31 alloaromadendrene ( 5747 ) CsHay, 204 — 0.256 0.090
32 hexadecane (+75%%) Ci6Hsy 226 1.613 2.433 1.634
33 heptadecane (+-E4t) C7Hy 240 — 0.337 0.230
34 1-octadecene (1- 1 /\f) CHso 252 — - 0.442
35  octadecane (1F+/\%%) C,sHyg 254 2.455 4.027 2.487
36 6, 10, 14-trimethyl-2-pentadecanone (6, 10, 14- =FIJ& -2- +Fi k5 ) CsH;0 268 6.222 2511 14.005
37  hexadecanoic acid, methyl ester (FzHER HI i) C,,H,,0, 270 2.243 1.275 0.903
38  cycloeicosane (¥ 1) CyoHyo 280 0.589 0.759 0.656
39 eicosane ( —4%) CyH,, 282 2.695 4276 3.640
40  heneicosane ( —t+—%¢) C,Hy, 296 2.867 3.573 2.253
41  phytol (M) CyoH,O 296 2.849 2.085  13.989
42 docosane ( 1 J5%) CpHyg 310 5.257 7.084 5.766
43 tricosane ( 1 =%¢) CyHyg 324 4.295 5.956 5.007
44 tetracosane ( Pk ) C,,Hs, 338 6.831 9.559 7.887
45  pentacosane ( ki) CysHs, 352 5.739 6.528 5.002
46 9, 12, 15-octadecatrienoic acid, methyl ester (9, 12, 15-+/\ik =#IRHMEE) C,H,0, 292 - 0.581 0.332
W = FRARAG I BN S
Note: “—” means no detection or no presentation.
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B2 REHEMR, 25, vk imxt DPPH F H BT BRER 15200
Fig 2 Effect of volatile oil in the roots, stems and leaves of Astilbe

grandis on DPPH free radical scavenging rate

M FREE H B3I BR R BN T L-BUR iR . 4 5
HRE/NF 025 mg « mL™ ' B, RIEHTIAM
KA FRIE A RER R R T L- iR, H
YT 4 0.125 mg e mL~ ' i}, SRR RS
(67.66% ).

B3 RIEFAMR, 2=, Hh R IMxHREL [ B BRI 5
Fig 3  Effect of volatile oil in the roots, stems and leaves of Astilbe

grandis on hydroxyl free radical scavenging rate
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YE R A T e 5 % ve B = A B Bax & Bel-2 ¥ Rk %,

XKW A GHIEEFER; SR, MEHEIF,; eb; F5E%; AT

FESES: R285 MERFRIAAD: A XEHRS: 1672-2981(2022)12-2772-09
doi:10.7539/j.issn.1672-2981.2022.12.012

Anti-colon cancer mechanism of total flavonoids of Dendrobium candidum
flower based on network pharmacology and in vitro
experimental verification

LIANG Wan-ting', WANG Xin-ting', ZHU Peng-yan"’, ZHANG Zhou>’, MA Jin-rong”’, REN
Li-yue', GAO Wen-fen’, WANG Xuan-jun" >, YUAN Wen-juan"*" (1. College of Science, Yunnan
Agricultural University, Kunming 650201; 2. Key Laboratory of Puer Tea Science, Ministry of
Education, Yunnan Agricultural University, Kunming 650201; 3. College of Food Science and
Technology, Yunnan Agricultural University, Kunming 650201; 4. Yunnan Institute for Food and
Drug Control, Kunming 650106)

E2WA: HEAKFEESTH (No.32060084) ;5 = FA FHET I H LRI [ H (No.2019FB119) 3 EZK AR FAERF DL I ZiT
R 57455 H ( No.202010676050) .

TEEBIY: Py, o, FENESAEY =I5, email: tingwanliang@163.com EEEE. B3R, &, AIETZN, EENE
2 HAED fh S AR WG PEFGT, email: 1435648569@qq.com; FHE%, W, # %, EEMNFERIFISIH LI, email: 7217778@

qq.com

2772



RG22 2022 4F 12 A %5 20 % %5 12 8] Central South Pharmacy. December 2022, Vol. 20 No.12

Abstract: Objective To determine the main active components, the potential targets and molecular
pathways of total flavonoids in Dendrobium candidum flower (DOPTF) for colon cancer by network
pharmacology-experimental verification in vitro, and to explore the mechanism of DOPTF treating
on colon cancer. Methods The compositions of DOPTF were analyzed by HPLC-MS/MS. The main
active components and the gene targets were screened with TCMSP. Colon cancer target genes were
screened by the GeneCards database and DisGeNET database. Cytoscape software was used to construct
regulatory network diagram of “Chinese herb-active ingredient-target gene-disease” . The STRING
database was used to construct protein-protein interaction (PPI). GO enrichment and KEGG pathway
analysis were conducted. MTT assay was used to detect the proliferation inhibition activity of total
flavonoids in DOPTF on HCT116 cells, the flow cytometry was used to detect the cell apoptosis, and the
cell scratch assay was used to observe the effect of DOPTF on migration of HCT116 cells. Western blot
was used to detect the expression of related apoptotic proteins Bax, Bcl-2, caspase-3, cleaved-caspase-3,
MMP-12 and MMP-3. Results Totally 52 DOPTF components were obtained by HPLC-MS/MS, and
27 active components were obtained after screening. Totally 178 DOPTF intervention colon cancer
related targets were constructed through the relevant database platform. The core genes in PPI included
AKTI1, VEGFR2, TP53, JUN, TNF, MTOR and so on. GO analysis showed that flavonoid active
ingredients affected the signal transduction, apoptosis and proliferation regulation of colon cancer cells.
KEGG pathway analysis also showed that flavonoid active ingredients acted on the cell proliferation,
apoptosis, PI3K-Akt, and tumor signaling pathways of colon cancer cells. DOPTF significantly inhibited
the proliferation of HCT116 cells, promoted cell apoptosis, and inhibited cell migration. DOPTF also
significantly up-regulated the expression of Bax/Bcl-2, caspase-3, cleaved-caspase-3, and induced
cell apoptosis. Conclusion DOPTF can intervene colon cancer through multiple targets and multiple
pathways, whose mechanism may be related to affecting the expression of apoptosis-related genes Bax
and Bcl-2.

Key words: total flavonoid of Dendrobium candidum flower; colon cancer; network pharmacology;
target; signaling pathway; apoptosis
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TargetPrediction BRI ( http: //www.swisstarget-
prediction.ch/ ) ; GeneCards ¥ % J4 (https: //www.
genecards.org/ ) ; STRING %4#}&/% (https: //string-db.
org/, Version 11.0); David Z#5/% (https: //david.
nciferf.gov/, Version 6.8 ) ; PubChem %{#i&/% ( https: //
pubchem.ncbi.nlm.nih.gov/ ) ; Cytoscape3.7.1 Fxf4:
2 7R
2.1 SRE A LR HE B R B A

WK B2 A fRHTAE | kg, BpmRatidi, #0801 : 30
AIERHLE, A 50% F AR A 4R E 2 h, 6 3
W, HREGK 60 CULT ZE LM E . IiRER
ARSI IR BB 2P, 28 20% H e i,

2.2 HE AR R AR A AT

H 100 pL LKW (Ll :k=1:1) &
RS ICY), WE, 14000 g, 4°C &0 15
min, HUEIHREERE ST, AR Agilent 1290
Infinity LC 8 = RO AH (1% R 48 (UHPLC ), Cy
@R (2.1 mmX 150 mm, 1.7 pm) #4743 55,
40 °C, HBh#FEES4C, WiE 0.4 mLemin ',
HERER 2 ul, WEIAH: 25 mmol L™ ' 2844 (0.5%
HIER)(A) -HEE (B), BEEVEM (0 ~ 0.5 min,
5%B; 0.5~ 10 min, 5% ~ 100%B; 10.0 ~ 12.0
min, 100%B; 12.0 ~ 12.1 min, 100% ~ 5%B;
12.1 ~ 16 min, 5%B ). >& ] AB Triple TOF 6600
JREA AT —2 . IS E AR
2.3 S F P 452G FE IR AT B TN RN 4 A
230 HRP A R A S T TR
ARG ZH A B ARAS B A FRh AR A B R A 4 4y, TE
TCMSP -5 X FZAL B P53 F A TWC . 5345
g, HEMANEEE ( ADME/T) TIMAITTEA . X4
AW O RAEYFIFE (OB) MJE251:( (DL)

P TCMSP -5 A 246 o e s 4
JIr A 5 38 o STRING %48 72 LA “Homo sapiens”
(NJE) R TR - B A PR

2.3.2 PPI ( Protein-protein interaction ) ¥ £% [ 44
& il of STRING %% 4% )&, DA “Colorectal Car-
cinoma” “Colon Cancer” k1], PPk &N
“Homo sapiens” , 1275 FI| A\ %5 117 68 95 0 #0451
P 2 1 45 R T 5 o 0 A 5 K B A R B A
BRI P I AV E R S BSR4, i ok S B Yy T 45
Jo i (i AL [R]85 . 2 )5 38 3 Cytoscape3.7.1 14
CHERE S PPL 2%

233 CHEHE S B9 GO ( Gene Ontology ) 43 #T
BB 5 %1 R S A David 6.8 BUHE 1T GO 40T,
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TS 2L S D REKE B85 2R, P << 0.01 1A
RS A GRS, Tk HEA T 20 1945
AT AT A3 HT o

23.4 SCHERE S A KEGG MBS & 0 o Tk
A AL o5 T ] 0 A 3 B R AR, R AT KBEGG 2
M. {#iFH Cytoscape3.7.1 [{)3fif4 Clue Go Xif fifi i
(AR B2 A kAR B B R X B ) 55 A T KEGG 3 77
Mr, PEBI{E A “Homo sapiens” , BRIEFHr M
1 “KEGG” , FRE HE/R P <001 1 KEGG 4%
R, Tk HEAA AT 20 BYLE R T ATIAL T

2.3.5  ERECARHE R T - P - 3 0 25 A A
v Cytoscape3.7.1 B A4:-22 il B HE 551 - 4 i 1) 4%
FIVER B2 A RHAE SV BT - GBS s, &1, #r
SLHET - B0 - E PG, AT HEN T

2.4 A BRI 4 R AR A ALE

241 4S53R HCT116 4 55 A Z] 10%
) RPMI1640 1532 3H, B A 37°C. 5%CO, 115
FEREPRETE, RRAn e A Do A K R 1R %
2.4.2 MTT SEH0 ARG 40 f 16 1k B 8504k K 30
HCT116 40j, LA 1X10* 4/ fL3EFh T 96 FLH,
FH TG B KT i) AS ) Joi e R Rk Bz fRHAE . 2 T
(200, 300, 400. 500 ug « mL™") WEF4uf; Ak
F24h)m, BFLINA 20 uL MTT, #OEHEE 4 h;
MBS0, A 150 pL —H LA ( DMSO)
AR 2 10 min, FEGEARACKZ I 492 nm I K 4k 4%
LY ODfH. &R A X THE g2, 2
B e BE (ICs,) {H i GraphPad Prism 8 %X 4
KA, L HEE 3 W, MHMEHPR (%) =[1 —
OD 4441 /OD 335 1 X 100%

243 JIERPRSE BOSEUERK I HCT116 41
fd, DL1.5X10°4/fLEERN T 6 fLi, Hid5 2
FEMURT “IF FoMbric. Frampsimeste,
200 pL JG B M Sk 76 LS 3 B 4% IR0 5 bR ic 4R
RIJR, PBSIEE 3 K. 45 257 & B AR T IC,
2 0 ICy, TN IC,,, H S TA] it & ¥k BE (150, 300
ng e mL ) AR R A HE R BRI, 05
RPRAIUAIRAS 24 by 553% 24 h 5 HARGE SRR &
B IAIMZGE R X B

2.4.4 AU AR TS OO
K09 HCT116 20, DL 1X10° A4 /FLAY 40 28 B4
FhT 6 fLM, WiRERE, HARFBEEE (200,
300, 400, 500 pg * mL~ ") Bk Kz 47 Mk 4E v
BEE 24 h, BREFHEAL. WAEARM)S, H 100 pL Y
binding buffer & &, /¢ J5 Il A FITC-Annexin V
PI 4% 5 uL, ZiRBEHE 15 min, FCHMAL 5
MrET-%, AU TR = RN E TR -+ i 214
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2.4.5 Western blot ¥l HCT116 4 Jifd v 5¢ % 41
MEANERDE PO K HCT116 40, %
FhF 60 mm 4 RTFRILA (10° 4 /10L), AS[E 5
FW B (200, 300, 400 ug e mL ') AYEk A
fRLAE A MR AL BN 24 h )5, RAPI i 240 5 18
BB, BCAE ®EMEHEHWE, 4 SDS-
PAGE HLIK . ¥ 5, & 5% WIE W5k %) TBST
104 PVDF JiiX 1 h, Caspase-3. cleaved-caspase-3 .
BAX. Bcl-2, MMP-12, MMP-3 —#i (1 : 1000)
4°C WmES®, —P (1:1500) EHEMBFE 1h,
TBST ¥R 3 WK, 5min/ K., BEYG)E, 41T

AEHRIRFE(E . LLARINZGE %) R
25 GitrEaHE

K H SPSS 19.0 FAFX L s i A 141t £k
PRI + FrvfE2s (x+s) F9R, 4B
MK T G, P < 0.05 FonZE R A S

PRV
T Xo

3 %R
M,%ﬁ%%%éﬁ%éﬁm fiff 26

T A Xk B A AR A P T A R 2 T REA
W by, AR RIEEL G 521>, M TCMSP
AT 27 NEVERUT o BB AR SRR A
Pfbe=E ELER 1.

R1 BKEABPELETEEZNEELEY

Tab 1 Active ingredients of total falvonoids of Dendrobium candidum

i i a4 EWIE A s OB/% DL
MOL003896 5- FHL -7- AR L S B 5-methyl-7-methoxyisoflavone 266.31 42.56 0.20
MOLO000561 WHR astragalin 448.41 14.03 0.74
MOLO011734 FHRE cimifugin 306.34 13.49 0.29
MOL006599 SEK R R isoanhydroicaritin 368.41 7.62 0.43
MOL000173 SEREWER isolupalbigenin 406.47 30.68 0.23
MOLO012040 UM khelloside 526.49 31.31 0.84
MOLO013083 A skimmin 324.31 38.35 0.32
MOL004928 [CE NS Es violanthin 578.57 4.17 0.81
MOL004947 SO isoviolanthin 578.57 18.79 0.81
MOLO001689 EHEWE acacetin 284.28 34.97 0.24
MOL001950 wWENET corylin 320.34 33.06 0.1
MOL000390 KT daidzein 254.25 19.44 0.19
MOLO005734 SEATR eupatilin 34434 29.39 0.38
MOL000481 YRR & genistein 270.25 17.93 0.21
MOL004368 Sk hyperoside 464.41 6.94 0.77
MOL000354 SRR isorhamnetin 316.28 49.60 0.31
MOL012595 SRR 3-0- HARHTE isorhamnetin-3-O-glucoside 478.44 1.17 0.80
MOLO11111 LLaRiiES isovitexin 418.38 4.14 0.68
MOL000006 YNGR 3 luteolin 286.25 36.16 0.25
MOL003686 KA ZE narcissin 624.60 5.09 0.65
MOL000771 i 2 naringenin 164.17 43.29 0.04
MOL002693 BARRE -3-0- /BT nicotiflorin 594.57 3.64 0.73
MOL000098 itz % quercetin 302.25 46.43 0.28
MOL000010 WA rhoifolin 578.57 6.68 0.77
MOLO000415 ZAFAT rutin 610.57 3.20 0.68
MOLO011337 R saponarin 594.57 3.04 0.77
MOL004925 IR vitexin 432.41 3.05 0.71

3.2 £k KA AR K H R A ] A e v A R T Bk R A AR S VR TR 55 8 i e R DB S B S B
i F RS Bk B A e B R 27 AN TE e RIS E] 24 OGRS AL, 48 Cytoscape3.7.1

B4 AN TCMSP £ 48 J2e v 4R G 00 4 o, 3 ok
STRING %4 e EA 7 3E N - 85 44 PR 45 9 2 BR
BRI, R R AP 178 1~
Cytoscape3.7.1 BRAHFG EEER Jz A1 AL B B T - HE
M2, A5 ILAE 1.

33 A EMALLEE - SHE - BANEMAE

BR AR R A B A A TR 5 45 e R S0

(ULIE 2), PPI I H 455 s 6 I s, 1 7 A A
Z B EAER R, 7 F i AKT1, VEGFR2,
TP53. JUN., TNF., MTOR % # 45 f) Degree {8 4
TR R RER B EE .

3.4 KEE A GO 2T
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BT BB L S B - B

Fig 1 Network diagram of total flavonoids of Dendrobium candidum and target

i 1 David £ 4% 2 GO & 4 4> M 3Rk A5 4k i 1
iRk A BT A W R, e R AR
P <001 BiE T 304> GO 5 H, %IR8 Z LR
HEFIXT GO A R T o S . 25 SR b
A FR i 45 B 304 41, FEEERE S
S RNNEAIL 7)) B AN 4 = D18 7 A 1 )5 &1 B
BV . B AL . WAL . ERKI
FERK2 LR . A8 N A K IR 22 k(55
BRI A PSS ST I BEAR G A5 B AT 76
A, FEEEAEARSS . ATPZSE . EHMA
TEPE. BEEIRIAEEGE . MRS S . EHZAR /I
SR A TG P IR RIS 3- SR 25 5 4 A
RIS AR 25 HA 39 4, EEAEAIffR
YRR . BT, MERT. EPEEREE L, WK 3.
3.5 x#t¥r iy KEGG % 8 £ 4947

KEGG i % & 80 Mrah B s, 118 /3
PEAE, P <001 KA 101 5%, K PIEKR
AN, BEFE PRI/ NRIAH SR B i 20 67, RS
AT % B E P MR (hepatitis B ) 71 51 iR 963
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( prostate cancer ), JERHE ( pancreatic cancer ),
N8 ( non-small cell lung cancer ), 218 1
H Ifil. % (acute myeloid leukemia, chronic myeloid
leukemia ), %S (bladder cancer ) 45; f45
TR . PR EET R MRS, W ARAR
Ji (melanoma ). Jay kb V£ A % ( focal adhesion ) ;
WEE T HF 5 MM, PI3K-Akt {55 %
( PI3K-AKkt signaling pathway ). HIF-1 {5 5 il %
( HIF-1 signaling pathway ). ErbB 15 5 % ( ErbB
signaling pathway ) 45, ULAMIE A & 4E7E 50
MIXAE S, VEGFR (S5, WK 4.
3.6 kK A AL R FE B HCT116 48 fia o 4 K 40
| 1E A

MTT BIEERFWIBR KA LS BXT HCT116
YRR T MR, ELR R BG4
(I FEANEIVE T BRR (W3R 2) 5 i GraphPad Prism
8 FRAITAR Y ICs, 8 (3579 pg * mL™ '),
3.7 4kE T AL R EE X HCT16 48 3 4 8 % o

R GTE 0. 24 h 73 HITEEE T WAL 4 i
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Fig2 PPI network diagram

K3 BREATRHE SRR GO 34
Fig3 GO analysis of total flavonoids of Dendrobium candidum
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*®2 BEE HCTI16 HAEKHINHIER £, n=3)
Tab 2 Inhibition of total flavonoids on HCT116 cells (x*+s, n = 3)

215 AR /%
B0 pg e mL ™4 0.05+0.03
SAEEER 200 pg e mL ' 4 40.20+£4.92"
B 300 pg + mL ' 4 4532+2.76"
BT 400 pg + mL ' 4 67.84+ 137"
2 éﬁfﬁﬂ 500 pg * mL ' 41 78.3040.69"

TE: SR AR, P < 0.055
B, °P < 0.05; 5 AEE 300 pg e mL” ' 41, P < 0.05;
400 pg » mL~ ' 4L EREE, ‘P < 0.05,

Note: Compared with the control group, * P << 0.05;
with the total flavonoids 200 pg * mL™ ' group, ° P < 0.05;
with the total flavonoids 300 pg * mL™ ' group, P < 0.05;
with the total flavonoids 400 pg * mL™ ' group, ‘P < 0.05.

5 R 200 pg e mL~- lQELIS
5 R HH

compared
compared

compared

Kl 4 KEGG il
Fig4 KEGG pathway analysis

&6 Hp A BHE SIS HCT116 4HAH T2
Fig 6 Effect of total flavonoids on the apoptosis of HCT116 cells

A. Xt B8 41 (control group ) ; B ~ E. 43 %] 4 200, 300, 400 and 500 pg « mL~ ' [y & #F
F. TR 5k %L ( quantitation of apoptosis rates )

flavonoids treatment group, respectively ) ;
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KR 8 BE A gL, 50 REZH IR @ 5 72 B2 A
Eb, kA RHAE S B A A B AH KR A A B e gl
i, FEEER B A L S B R X HCT116 41 it A7 $0
il ek A e RS e T, LA S
3.8 4% A Ak B E B Xt HCT116 40t 8 = 8 %
MBI FEH, SXTAMLI, Bt
A6 SR A PRZH Y AR T AT, ULE 6.
3.9 4K A AL R E B HCT116 40 i x 4 %
BB A W R IR K
SR RRZHAH L, kB A R S e R B 2 A
T Bax/Bcl-2 [ FU{H, caspase-3. cleaved-caspase-3,
I8 7 G o TR e R %) 1 R B W R, MIMP-12 A
MMP-3 B T, 492R LK 7,

B 5 BB AL ST HCT116 4R 152

Fig5 Effect of total flavonoids on HCT116 cell migration

A. % T8 44 (control group ) ; B. . # fll 150 ug » mL™" #H (total
flavonoids 150 pg * mL™ ' group ) ; C. B #EM{ 300 pg « mL™ ' 40 ( total
flavonoids 300 pg « mL~ ' group )

i 4b FE 4 (200, 300, 400 and 500 pg » mL~ ' total
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B 7 B M EIEERX HCT116 S HE 2K R A 52

Fig 7 Effect of total flavonoids on the expression of key target proteins in HCT116 cells
T SXHELLEE, P < 0.05; 5 EFEN 200 pg e mL ' 41HAR, P < 0.05; 5 ETEE 300 pg e mLT ' IEAL, P < 0.05; SR

400 pg » mL™ ' HIHAE, ‘P < 0.05,

Note: Compared with the control group, “P << 0.05; compared with the total flavonoids 200 ug « mL ™' group, " P << 0.05; compared with

the total flavonoids 300 pg * mL™ "' group, P < 0.05; compared with the total flavonoids 400 pg * mL™ ' group, ‘P < 0.05.

4 itig

EAEK, WY BT T MR G
57, HAFETA MY, xhiti . FLIRE . 45
Fadis . IR . A R Biia SOk 7,
HEZmg Al ™, FFmmaniaEs . ¥
0] 41 A J) 39 1 A5 R R R AR . P T R 2
A YA Z AR, BOLVE VLR
k. WKLz 55 B = E RS MY gy
FE5 TR EERIPLHI LA SOGYEAL B9 . W8 TE
RIS R A 22 8] A B A FH ) e 25 i B A
oth. ARBFER, PR AT AT e S 5
YRR E REARE . MR, FELEE,
SWMACRFEER . THRE . RBER | HIEM
KEHFTTESME 2 S HEERH. AR
FH, B LR 5 nT Be e MR IR YT R
HEAEH R —Fh RS Y T, fEADE
FEHPA e Z W DRI RS, vl s A i
o UL A A AR RS MY, T RE AR Y,
RAEPUMIREIER s seah, it R o] LU i PI3K-
Akt 5538 S R SR AnAE Y CH B4y
BB S 5 U ER A — A S0 40 3 A
K ¥, i1 Notchl Fl Akt {5 518 [0 61 184 5 A1
RELOBT I A5 A6 s, IR Y7 AR ELA v A8 i g FH A
B 1% Yuleb AR I R R— B K SR AR W) A
BHfL A, MR 4R B A 2 (MMP-2)
M N B2 A K HF (VEGF) L, KHEHT
FEPEF "7 KRR 2 AT R i A PIBK-Akt {5
538 B th MMP-2. MMP-9 [ 5 ik ) hi] A BB {5,
FRMM GG, A ST, RPN
PEU AR R R EEI A Y, TR R
IR SRR AR T, £E A Bel-2/Bax H{E FEAIG
il caspase-3 1 & K 34 i, i 7] LA BEAIK p-PI3K .
p-Akt Fl p-mTOR 17K F- "5 K STl 1 FEAI%

MMP-2 (35 PER A G FUAR I 40 e (=58 P

B8 5 e ) % AR R R DA G . FE PPT W
o, REZFEOETEWNLS S5 RE s i, o
5 AKT1. TNF., EGFR. VEGFA. MAPKI .
CASP3. MMP9., CCND1. ESR1. HSP90AA1
I MTORP™, 3SR (A2 LR A FE AR R
R RE 7E ¥ R X 45 e 036 97 VR b e #5 FE EAR
o BRI R0, ARRRF R T Gtk
S A $5 MMP9. MAPKI. HSP90AAI. CASP3.
ALB. EGFR. SRC. HRASF1 ESRI [f3ik .

h T AR R R R A R S R 2 iR T
g e g e ML, X ST KEGG 408, &
PI3K-Akt & FEMfF Tl . BRedgmEhssS
A AE . AT, IR RZBANNLAE A R 2
FoH SR, wEERENELERERRE BT
YERT . ABEGT B, Bk R A A 2 i B G 410 1
HCT116 400358, fedtamienmT=, H04ni
TR . MMM Bax B R IAR, MXSET-(F
SR, RPN AT, 2 Bel-2 R R IR,
Bcl-2 A] LA Bax JE RS 280K, S4B 1=
T LA P Bax/Bel-2 f A1 %o e s 440 A 0 1y Ak
PR T EAER, R FH Western blot 7 41 ffd 7K

1% Bax/Bel-2 [ ELAE, fE3E T HCT116 2 i i 4
T 56 MBI g R, B A e B
R A 2 2R R R E
HBr G v rT -5 T 3L Bax K Bel-2 1)
FIRH K.
SEER
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INERRTAL T AN TR IR TR B 229E RUTEMERR 38 R A 43 BE 0% 1

AHR AE HeX', LR, REE, BHRE, AR, 2 ERT, BRT SMAE
HDEAEHIZE A FRAT], I 5102855 2. MIrhBEZG R — M@ BER:, )7 510120)

WE: BEY FE )3 BERARTIKRREFE 229E (HCoV-229E ) #7& i B 5F s, Fi%
#) 3 AR S HCOV-229E % # Huh-7 Za e A8 R | 3+ 5 TCy. ICy,, % A RT-qPCR # 5 % 52 A
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Screening and validation of active components of Xiaochaihu granules
against human coronavirus 229E

YU Xiang-cui', LIU Hong', ZHENG Ru-wen', MA Rong', LIN Ai-hua’, JIANG Yan-feng-yang', DU
Hai-yong', LIU Yi-ming”, BI Cong'" (1. Guangzhou Baiyunshan Guanghua Pharmaceutical Co., Ltd,
Guangzhou 510285; 2. The Second Affiliated Hospital of Guangzhou University of Chinese Medicine,
Guangzhou 510120)

Abstract: Objective To screen and verify the active components of Xiaochaihu granule (XCHG)
against human coronavirus 229E (HCoV-229E). Methods HCoV-229E-infected Huh-7 cell model in
vitro was constructed. The 7Cs, and /Cs, were calculated, and the expression level of inflammatory
factor mRNA was detected by RT-qPCR. The Autodock was used to simulate the molecular binding
ability of 66 components in XCHG with S-protein, 3CL hydrolase, NSP15, NSP3 and NSP9, which
were the key proteins of HCoV-229E. Results XCHG inhibited the cytopathy of Huh-7 cells caused
by HCoV-229E in vitro, and significantly inhibited the mRNA over expression of inflammation factors
IL-6, IL-8, MCP-1 and TNF-a. Licorice flavonoids, licorice saponins, saikosaponin, baicalin and
wogonin in XCHG had good binding ability with the key proteins of HCoV-229E. XCHG inhibited
the replication, invasion and transcription of HCoV-229E through the above active components.
Conclusion This study preliminarily analyzes the pharmacodynamic mechanism and active
components in XCHG against HCoV-229E, and provides data support for its clinical application.

Key words: Xiaochaihu granule; human coronavirus 229E; molecular docking
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ug A2 e mL '), 25 X IR FINE H 40 i 2h B AL
ISR BRI, 37 CHiFE 4 d; BALIMATR
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Fig1 Cytotoxicity of XCHG
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Fig2 Pharmacodynamic effect of XCHG on HCoV-229E
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Fig 3  Effect of XCHG on the expression of inflammation factors (7= 10)
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“P<0.01, TP <0.001.
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Potential mechanism of Ziqi Yiliu decoction for ovarian cancer based on
animal experiment and network pharmacology

GENG Zi-xiang', LIU Ying’, NIE Xiao-li’, JING Fang-yuan®’, CHEN Hai-yang’, ZHANG Kai-yong",
LIU Peng’, YUAN Long", LI Bing-rong*, LIU Te’", ZHANG Bi-meng" (1. Shanghai University of
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Songjiang District, Shanghai 201699; 3. Shanghai Institute of Chinese Medicine for Geriatric, Shanghai
University of Traditional Chinese Medicine, Shanghai 200030; 4. Department of Acupuncture, Shanghai
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Abstract: Objective To explore the potential mechanism of Ziqi Yiliu decoction for ovarian cancer
based on animal experiments and network pharmacology. Methods Animal experiments were conducted
to observe the effect of Ziqi Yiliu decoction on subcutaneous tumorigenesis. HE staining was used to
observe the morphological changes of the tumor. Gene set enrichment analysis was performed with the
bioinformatics analysis. Immunohistochemical staining was used to detect the expression level of Ki67,
TP53, ESR1, EGFR, and VEGFA. Results Ziqi Yiliu decoction significantly decreased the volume and
mass of the ovarian cancer (P < 0.05), and reduced nuclear atypia and pathological nuclear division.
Totally 154 active components, 283 potential targets and 38 drug and disease intersection targets of Ziqi
Yiliu decoction were retrieved through the database. PPI network analysis and GO and KEGG pathway
enrichment analysis showed that 10 core targets such as TP53, ESR1, AKT1 and EGFR were enriched in
the cancer signaling pathways. The molecular functions mainly included molecular binding and catalytic
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activity, and the biological processes were mainly molecular metabolism and stimulation responses.

Immunohistochemical staining showed that Ziqi Yiliu decoction significantly decreased the expression
of Ki67, TP53, and ESR1 (P << 0.05). Conclusion Ziqi Yiliu decoction is effective for ovarian cancer,
whose mechanism is through the action of key components such as quercetin, luteolin and kaempferol on

TP53, ESR1 and other targets to inhibit the proliferation and drug resistance, thus promoting apoptosis.

Key words: Ziqi Yiliu decoction; ovarian cancer; network pharmacology
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18 ~ 22 g[ RISl SYXK

(1) -2020-0009]; BPEHIEANIME (SKVO3); £
RWPEE, HIR . IR - ekt R
( Sigma Aldrich, USA); Wi+ (10g). M+
(10g), @ri¥ (10g)., i (10g), HE (10
g). FHE (10g), BB (10g), #% (5g), &
B (10 g). R (10g). ¥% (10g), &
(10 @) (LRI A R FED) 5 FER
PR EH (P0081) ., HupE YL (b AT ( P0260-
QuickBlock ). DAPI 4 {83 ( C1006)(Z = K ) ;
2GR ( Axioskop 40, Zeiss, Germany ).
1.2 BHEEAWES KA

oAb TR K I 1 B9 S 9 40 3 AL 5T PBS
VR BE B 1X 10" 4> « mL ' AOTE W, SRIE R 0.2
mL 4R 5 7E BALB/C BERA RIS, 7E 2
JEI RS BEFR B2 T A B 8 e 5 A R A /N ER 20
H R4 (WT, n = 10) FIFIEMRasss
2 (Treatment, n = 10), JAJT4H/NERIEZ T EEIE
TS, N 02mL/ H, &FH 13Kk, %2304,
1.3 BEHRHRTHEE

il R AR A K/ (em?), (R FE
R (g) HETt.
1.4 HE %4

BUHr et IR 2L 202 10T 10% H RV, L
ATRK . B AR A . B R
X i e ) R AT I, LSRR K
Yeo @dHARRIRI, BRI . KR,
fradet)s, BUIRmK, EWH, #HA.
1.5 ®EABf¥gs

fi H B 2R A U0 R R TS, 2 EEK AL,
SR IG AFrERREN PTG B TPt e 2l i . Bl
JaBUH IR AR 2 E R, H PBS ¥EYE 5 minX 3
W FHEA 5% WEE I A3 P iR 4] 30 min,
FH—#i (Ki67: abl5580, EGFR: ab52894, ESRI:
ab32063, TP53: 240362, VEGFA: ab52917,
1:200) 4 CHFE 7%, PBS I5¥E 10 minX 3 K5 H
Pt (ab6721, 1:1000) 37 CE IR H 1h, PBS
THVE 10 minX 3 ¥R, e Jm % DAPL Ly, F23%
Frdt R JE HIE B 26 BT R Y (o fE i
1.6 KI5 i F & 308 1R 6 78 M R
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P IR B o BIVb s+ MiRd . &t
TR, HEL CEEL EAMR. A BN
BN, e SRR A 2 RG2S S 0
PrF-£5 (TCMSP), 4% AW FIHE OB = 30%,
2% DL = 0.18 fii ik G st H R
PEor 2, T B KRR B R e T R 08 53
B, HEH A RAE OB = 60%™, 2tk
DL = 0.18 fifiik . XTAKIZR B A AL 737 I 2 245 2
TELEHRE (TCMID ) SRR R IF I T3k Rb 7
1.7 FRIEIR G 7 8% 85 %

fiff F} TCMSP 5405 2 %08 - FE AR 1R A 40 e SR 1A
AT EE, {8 Therapeuxtic Target Database ( http: /
db.idrblab.net/ttd/ ) %{ #f& J% Fl DrugBank (https: //
go.drugbank.com/ ) E5 4 i ef BT S5 B S DR A T
G e by @ IR B IUE S SiSfra S5
UniProt (4% (https: //www.uniprot.org/ ) ¥ 4RA5HY
B T SR R PR AL A
1.8 “Zi4) - g - R - R WA

FIH Cytoscape 3.7.1 A “F FHVIR IR -
TEVERLSY - #EA - DR SL7 ZEARE,

19 Zaf-EaRAETER (PPL) M4tz

PEAS B )1 B R TAORN B 398 1 2 [R]HE A |
1 22 STRING %4 &= (http: //string-db.org ), ¥
FhE X & “Homo sapiens” , L) #4 5 7 FE 11198 1k
TRYT UP B AAZ DR S PPT 4%, BREELL L i
B 'S A & Cytoscape 3.7.2 #1, Fl| F “Network
Analyze” MITiEAT 48 $HF NS EG T -

110 EFEAEK (GO) ML EHFHA T H
24 (KEGG) & &7

f# F CTD (http: //ctdbase.org/ ) %X #f& £
AR, MK IR 3% & “Enriched GO functional
annotations” F1 “Enriched pathways” #17 GO =¥
TR AR KEGG 38 M, 08 0 e A
#ER P <0.01, 5245 FMRHT 10 £4EY
TN KEGG i
111 &t

K1 SPSS 21.0 #EAT R A gL it Hr, Xl
PxtsFom, R K%, P<005ftFxERH
At L.

2 H#R
2.1 FEIE R INESE /N R G T 1E A

RIS, ARSI EFL A6, R
AL ULER A I A, BRSAE . - sEHIE IRHE B IR YT 30
dJE, ORI RS AR IR ARURD I & s/ (LA
1A. B, C, P <0.05). HE 3o n] Wxf LR A
PR AT AN , I 17 290 6 S TR A R A%
RGN, CREITHEN), TF IR IR S
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IRRIIT R (WA 1D ). XHEAY] 5 kT
RPEH LU =Y @, 16774 Kie7 3Rk B & PR
(WK 1E, P<0.05), FARZFGEY, T KA
O B S BAT R AR PR o
2.2 TEIERIEIT IV R 0 R 4% 253 AT

W02 24 Pp A 25 R R, 1 RO IR B A
RACTE Vo 36 154 A4S, 3% PR R0 HE A 3 283 A,
55 BRSPS RO L H AR E) 38 ML T
PCAHIIRE TR - 0 - B - DS 0 2% 1R 0 9 143
A CL2Fp R 2, o1 R4y, 38 ANHEAL) A
521 2k (LR 2), FHEEAERYR/IMRZRIZTY fiAEM
SRR R E L, BT O B R RN R R T TR
KRR, fEEAEMZ T, EEE AR O
JERR M2 e (E{H= 29, Hinh.OfE=
0.39) FIH & (=24, HiEh.0E=036),
JEAE AT oL B R IR AL f S IR 1

x1 HIEBER
Tab 1 Topology information

2 P rpun A
PTGS2 0.636 771 79
PTGSI 0.544 061 60
AR 0.512 635 52
ESR2 0.484 642 46
Witz = 0.518 248 33
CHEK 1 0.421 365 26
NN 0.449 367 17
L2 Ey 0.449 367 16
p- A S 0.455 128 16
KCNH2 0.404 558 15
Ll 0.440 994 11
WHEEHE 0.432 927 10
AR 0.432 927 10
shinpterocarpin 0.430 303 8
7-O-methylisomucronulatol 0.430 303 8
SREE 0.430 303 8
MAP2 0.389 041 8
GSK3B 0.384 824 8
BCL2 0.384 824 8
TP53 0.380 697 7

2.3 ¥ PPI WMz g oM

38 g B AT I & & STRING 7F 4k 38
W, TSV A, FH Cytoscape 3.7.2 %k
4 4 g AT A4k PPL W 2%, b 38 N5 4, 258 4%
1. P25 HF 22 e M e, R S DL B (E R 5%
4 HE R, HE 4% R 10 B9 #8458 4. TPS3. ESRI,
AKTI1. EGFR. VEGFA., ERBB2. PTGS2. AR,
MAPKS8. ABCG2 (LK 3),
24 GO #KEGG g &£t R

¥ R IR S S A CTD 3048 2, B nl 4%
F AR (BP), 4l s (CC). T
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B 1 EEmR o on S e
Fig 1 Effect of Ziqi Yiliu decoction on ovarian cancer
A, B. I R} (tumor size ) 5 C. /8 BT (tumor mass ) ; D. HE Yt {% ( HE staining ) ; E. Ki67 {4 1435 7KF (expression level of Ki67

protein )

4

P2 T TAMREER - i) - B - RS k2% [

Fig2 Network diagram of “Ziqi Yiliu decoction-ingredients-targets-ovarian cancer”
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B3 ML PP E]
Fig3 PPI network diagram of common targets
fie (MF) LI KEGGfE5 M EEEE, WHE
P < 0.01 1E R ik 548, B PAE S/ DIHET 10 4>
& H. R R I IR IR T OP S BT AR A
SRR FE A BARIEYE . AT
DIREFN AR . R R . A= s S AR Wk
SR (WK 4A . B. C), HE P<0.01
YE R o 28 25 1, B P e /N B R 20 4~ 2% H 45 3
KEGG & 415 8. 458 kT M iy on &
Je B4 V5 E I ST BB R A 4 M, miRNA. Bh &
B, 20, PIBK-Akt {55 /%, EGFR B4
PR KU ) sz o7 S5 58 DA G o P A 3 % 4R
B i 2 (ULIE 4D ).
2.5 BAEEERIE

AL SRS R IR, MG
J7 )5, EGFR Hl VEGFA fHM R ICIH B 22 5% (P >
0.05), ESRI F1 TP53 FHMHRIH R % (P < 0.05)
(WK S5).
3 it

B S 9 110 s PR ML R IE SR 55, P N
1%, bW AE. FREAE, KRENG, SR
DiRede s, AP, 1S, PR . EEFE
ZELER T AT e A P Rk, YRR
AHNIOCRS . FRIEPI R S BRI, R R A
FUsRSS, PRESNE, Bk, R IR A T
WA LR B, vl ML
LT FAMNIT £ 5, fkEI; BT HRE, R
iz, DAL, WNLERE; S5 MmRas9E, &
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5 FE ML, niEHAER, (5 SERBR,
ALVETRIN, W HRIG T IRIS R, AR . EM Rk
W gE, TIVEIVREE, THMEGS LR eRE .
BRI PE R FE iy, FEBECAE H DAvE i 2, Ui v
Jibs HEROH LSS, RO AT R g Sk 2 T,
NREEAEZ . AT, E . T R
MR AR BA BUmAE A P 270 Ay et
FIR AR . IESRN R ZIE, 6 LUE VR,
TR, PRI .

ABFFEE X IR R iR TR R T A
PIIE, 455 & I~ PR Ak nT LA il B L9598
REg AR, HAREUR S # I ds . Hon] i 2%
R Ki67 RO 1A . Ki67 A2 i IR 240 it 43 5 1) 306 R
FREEAR G, AR A F B IR ok T LA il
YRS 3 . BRI IR IR T AR EL AR
BN FEIESE, AH R AR A 16 T R o AL 5
ANVERE I FRATTFH P25 25 B2 R, i e 2
ST IR R Y 154 N IETERSY, sk
WA R R R . RBER . AR,
B- S, SIS, ROt R, Mk E T
DL3E 5o 380G JAK2/STAT3 {5514 S B B 52 100 1)
N DN ANIERESE , e AT B, KRR
A3 3 3 ) AKT/STAT3 38 %, o 1M 4100 ) o) 395
s MR8 . ERRES Y. IS T i
AR A Jrb T 0 B P 6 P AR A B, R e R 4
W, B EANRREATET; (L2 nT
LA ) P 4 AT AL AR B LA M A AR A, bIR) R
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A4 B AT

Fig4 Enrichment analysis of targets

5 WTERL IR
Fig 5 Validation of potential targets

B AT 25T R AR RN T e
TR IR TR P B 2R A e 9 PR A
g3, MR LRGSR R Al BT B R %G

FPVE Y £ 280N 58 o

PPI &5 2R W, 28 0 ¥ 15 2] 19 3 28 5
A TP53. ESR1. AKTI1. VEGFA. EGFR %,
KEGG H1 GO 43 #1thiik B 1 e 5 3= 22 598 0 1)
Z Pl BEAE DG, DN SR R AEIR T o R A A
BN 25 A8 B, AR T AT TR AR B A A
AT 2 ERER R, I EET, Sk
B T IE T P FE TPS3 . AKT FkE4E, X it
R PR R R RS B SR 0 7 A T 24 v AT OGS E
FH PO EAL, BERSER 2R AE T 25 R4 T
YEF BY. i ESR1 AR A M 2 32 1R K i — B,
HmFR KRS T g 4 i 3 G AN 25,
JEH B Y A g5 AR, - s R vk T BH g 40
il 28 7% %1 TPS3 Al ESR1 A&k, Mo ik B 42
TP 25800 o M8 A e B S8 A 1K 1 S
R P — R0 A K R TR R Bl il A A A
SR S i i S Nl O I a = B A L
MEWNEAERKKT (VEGFE) J& &A% i 4e i
% = K A+ ' EGFR fil VEGFA J& VEGF % Ji%
W LSS, BRI N B A g, JF HL
HARMR MBS, v LLE v ik i
BB S L I RE R B s P (HAE AR
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B K HE WK SRS BB R B $ & A Bt
iz 1E B AR 3

A, B, 2k, TR, BRI (LESERHESRRIES U RERZ R, 1§ 200011)

WE. BE HEEZETH (AST) hRZMIE AR (AST-NLCs ), IR+ AST xF4#& R 47 4]
Megm i, (MDSCs ) F= A549 FfiJ 2 fen ey £ K 3P4 A BT r 8 R bt B h s, Ak KRS
¥ Rk, AR F S 5354 (PDl) A¥AHITER L EE, FRSRDFE, S#EE,
¥ B E ) VAR F R AT AST-NLCs #2142 69 % vf A 0% 6 13 3 42 T & 548, Fl o +F 4 AST-
NLCs #9/k g8 474 . KA CCK-8 % b4 AST #= AST-NLCs % MDSCs F= A549 #m it 6% 47 )
YER ., 33 A549 BALB/c 47 75 s RAER, BF R AST-NLCs &I AS549 #7 5 < R 649 4k W 30t 75 45
A, RGBT REIR e, FEBAGHIRRSEE, R HAHTIF AST-NLCs #5442 %
(136.7£5.2) nm, PDI % (0.162+0.009), Zetawfzh (—212+0.7) mV, & FEfRH %3
SRk 3] (83.5+£1.57) % A= (12.840.89) %. [ AST & Zh#ribi, AST-NLCs #94ksMaE A R
2%, CCK-8 M T 4% 27 AST-NLCs 5+ MDSCs #= A549 & fie £ kK A 2 w4 4Em, £
AS49 FrJE RAR N E3F, AST-NLCs #9472 R 253 T AST 20, ALm¥M g i 9L
R Z 7, AST 4L5 /290 2 a8 hkoh) 80, NLCs 4895 51k AST #hk kgt it SR M
B &0 ASTNLCs B K oA, BhhaHEs, 2 Z R %5h0ikitadEza L
B R BRR, f PREAS T A A, AST-NLCs 4845 i it #74) MDSCs #= A549 48 itk 3|
FRFIBAE R, WpiE R T AST, BT AST 694k Al sk

KEEIE: HFRTH; AREMBRBNR; RobEd; IFEarh

hE4Z%S . R283, R285  XEAFRIAAL: A XEHRS: 1672-2981(2022)12-2793-06
doi:10.7539/j.issn.1672-2981.2022.12.015

Preparation of astragaloside-loaded nanostructured lipid carriers and their
effects on lung cancer in vitro and in vivo

CHEN Min-yan, YUAN Yong-fang, WU Fei-hua, WANG Rong, YANG Gang’ (Department of
Pharmacy, the Ninth People’s Hospital Affiliated to Medical School of Shanghai Jiao Tong University,
Shanghai 200011)

Abstract: Objective To prepare astragaloside-loaded nanostructured lipid carriers (AST-NLCs) and
investigate their inhibitory effect on the growth of myeloid derived suppressor cells (MDSCs) and
lung cancer A549 cells and the anti-tumor effect on tumor-bearing mice. Methods The hot melting
high-pressure homogenization method was used to conduct single-factor experiments with particle
size and polydispersity index (PDI) as indicators to determine the effect of stirring power, stirring
time, homogeneous pressure and cycle times on the particle size to screen the best process conditions.
The dissolution behavior of AST-NLCs was evaluated in vitro. The effects of AST and AST-NLCs on
MDSCs and A549 cells were compared by CCK-8 assay. A549 BALB/c tumor-bearing mice model
was established and the anti-tumor effect of AST-NLCs on A549 tumor-bearing mice in vivo was
determine. Finally, the venous irritation of the preparation was measured by pathological section
examination. Results The optimized particle size of AST-NLCs was (136.7£5.2) nm, the PDI was
(0.16240.009), the Zeta potential was ( — 21.2+0.7) mV, and the entrapment efficiency and drug

E&WA: B FERETEA 7T (No.20YF1424000),
PRI Wefile, 4, Wi, B0, EEMNFEEBHFIPIZ, email: mychen1983@163.com ~BIE{EE: NI, 5, WL, &
G, T NFHE R RIS, email: yanggangws@163.com
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loading were (83.5+£1.57)% and (12.8+0.89)%, respectively. As compared with AST powder,
AST-NLCs improved drug dissolution in vitro significantly. CCK-8 data showed that AST-NLCs
significantly inhibited the growth of MDSCs and A549 cells. In the in vivo experiments on A549
tumor-bearing mice, the antitumor effect of AST-NLCs was also significantly higher than that of
AST. Histopathological section showed that the AST group had obvious venous irritation, but NLCs
reduced the AST venous irritation. Conclusion The particle size of GPS-NLCs prepared by high

pressure homogenization is uniform, with high drug encapsulation efficiency. The in vitro dissolution

rate of the drug is significantly improved with obvious sustained release effect. It is stable in the
plasma. AST-NLCs achieve the anti-tumor effect via inhibiting MDSCs and A549 cells and the effect
is better than that of AST. It also reduces the venous irritation of AST.

Key words: astragaloside; nanostructured lipid carrier; in vitro dissolution; tumor inhibition

it 98 2 >4 A S b R s 23R RO B e e Y
AGVERE 2 —, H DU/ N R ( non-small
cell lung cancer, NSCLC ) £ W, M, 5 H Atk
JHSRE AR LY, /N B A 1 AR AR AR R AR, H
mr, AE/NIE AR AT FERAEFEAR . AT
FEIRIT . HOT AR IIGYT S B BARERMEIRYT
LAEAW A E, (HARE SR REAR, 1RTTRK
A RAR . Horp, WGP A O R BORYT
PR FFET A EZE A B IR R R 3l
DAL SR SR TR YR T I 2 T R A
AR IR A A AT DL 5 AR K e g 0 i A
S L IE B S e R SR R, I 55 4B B E T A4
Jitd (cytotoxic T lymphocytes, CTLs) Y4 FEAE
W, FHodr, BETEIH 40 (myeloid derived
suppressor cells, MDSCs ) J& & B ML 50 22 i 52
B E LA —, [R5 e 2 T 24 1
FEEER P H, R RNIR T s
HAEEE L,

IR UESE, FRIESrh 2l i fEnl i
A R TR B S B RIIRES, R AR IME
AT, WEEHAF (astragaloside, AST) J&#{EEZ)
RO A, R M R — R . A
WFFT A O AST Xt TS 40 . & 98 40 i A0 il
o 240 160 S5 34 W S A AP T, ) sk e e 400
Jih 98 2 i MDSCs, FH W7 5005 if 52 38 %, M98 T
WRELARRETE M, R FEDUMREE - . SR AST 7K
PE2E . RV PEAR, T EAE R B LS Y TE R K
T S B A A A g

K EE R IR i 24K ( nanostructured lipid car-
riers, NLCs) J&5 “fUIR AR EBIR R G, 7rdk
HRALG LA KL RE K IIE PR 25 ) Vs A B L AR
2GR . A 2 A A P i R TR AL R
[FIEF, 38 o] AT B A 5 s 6] AN A2 Y
WAARRG T, 259 DL 25 R Bl 78 B0 0 B 2548 17
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TE, B T X2 0 F AT, $Em 2 ny K
gy M,

PRI AS BIF 5 1 £ 1 BE 8 i Dk 25 2 1) B RS T
T 9 K 254 R i 2844 ( astragaloside-loaded nano-
structured lipid carriers, AST-NLCs ), #& i} AST-
NLCs i Jifi i A549 fur J BRI BOR , O AST
i PRATC e 1 B 2%

1 5K

Agilent 1260 infinity = %0 AH 4 35 AL (55
LA T ) 5 RC-806 ¥ HH EEAL (R R BERHL
KEABR/AF]) 5 NS1001L & JE X AL (& KA
GEA NiroSoavi 2% 7] ) ; Nano ZS 90 3 > ki £ 1%
(%[ Malvern A1) ) 5 Synergy HT BFRAY (SE[H
Biotek A ) 5 T25 i HY (1EF IKA AT ;
AR fE RS 24 (32 [E Thermo Fisher A ] ).

AST JFRH2G (411 = 99%, 5. 170614,
BCER S S AE M RHA BR A | ) 5 R i R T
fis (GMS, HE2GER R ARATF ) ; Glye-
erylmonolinoleate ( Maisine 35-1, 7% [E Gattefossé
/NH] ) 3 Oleoylmacrogolglycerides ( Labrafil M1944
CS, % Gattefossé A1) ) ; KEBEN (Lipoid S
100, 7% [# Lipoid /A 7)) ; #f i -80 ( Tween-80,
Z[H Sigma A H]) 5 G413 (3£ Gibeo A H] ) ;
WERR R 2% v (PBS, VLIRSS AW I A B
) OHE (g, FEE Merck AF]) 5 HAR
W A b4l

AS549 AN (VLI5S EEAE YT BOR B A R
A)); SPF 2t BALB/c MEfl, (18%2) g; SPF 4T
P24, (320.3) kgl FiEACiE R B 2 B Ja oF
JUANRERE S S e, YFaliEg%: SYCK
(71) 2015-0016], £S5 Yy 0Ar e 1F T
W, BHGHE 120, WA (2242) C, WBE
50% ~ 60%, H HPOKFIIEE .

2 AEEHER
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2.1 AST-NLCs # #| %

K FH i H 25 5 725 il % AST-NLCs., K 4b 7
IR AN (FANE N GMS . AR A
Maisine 35-1 il Labrafil M1944 CS ) 7K ¥ fin# &
68 C, PRI T TR A A RS2 HAL ; KAk
Jrm ) AST ., FUALR] (KRS #EIES Tween-80 iR 5
Y1) BFREMIRA R, IS E 2K s
FEIMAE AR RS B KA . 7 T25 & 40l
SRR, KA AR, RFrehi b
— B, SRR aEIAR, B EILA), B
4 AST-NLCs.

DLk A2 F £ 53 5 R % (PDL) MA§br, X
T25 155 BE 43 AL B A 5 D 23 (W)L 43 BES ]
(min ). ¥JFIES) (bar) PAKIFRIREGX 4 1~
BOIEA T

EERE I NI S| O i = =i/ @ SN 3 =G N [T N
J5E 77 VA e ¥R B 8 m, AST-NLCs H k42
H1 PDI 5 S ik /N J5 3G Ry R 3, 18 I i R ]
AefE i TREE B R . st e . 25 T
PLR I R E B E— 251, R R R A B
FhEr, M S NLCs Fa e M R & 4= 1 1A
W R R KIS HIA L REE KK
VN ITAS NLCs BREAR K2 PDI, 48 iR & 8 10
faEtE, UL E RE T EZS80h: i
6000 W; ZMEHSTE 6 min; YE /7 600 bar; 1
RURER 6 IR, 15 R ES 5 oK IR SRR A FL

[ R =S Jive N RS MNP~ ) K
Fig 1 Effect of optimization of the process parameters of high-pressure

homogenization method

AR WAL T2 25 il %453 AST-NLGs,
KB B CHUR LA P EokiAe o (136.745.2)

nm, PDIH # (0.1624+0.009)( U, & 2).
A H: Zeta AN (— 21.24£0.7) mV,

CINiDe

[8 2 AST-NLCs HHRiF240
Fig2 Particle size distribution of AST-NLCs
22 FHHRFEMHE (TEM) 247

Uil % 19 AST-NLCs FH Z& 18 /K i B 43 U
K FH 210 B8 N AE 200 ~ 400 HAM -, =T
FRIS, B STH RAUEI R R, R
200 kV., AST-NLCs fit) TEM M55 B ULIE 3., 44
KAEBKIE, SrAnid4%), RIS A] W, NLCs 3R 1
BB FLAE DG

3 AST-NLCs B4 B
Fig3 Transmission electron micrograph of AST-NLCs

23 @HF (EE) f#%E (DL) W%

231 (OS5 {435 4HA Diamonsil Plus C18 (250
mmX4.6 mm, 5um); FBIAHCNE -7K (35:65);
K 9% K 203 nm, i # 1.0mL e min 'y AR
30°C; iR 20 L.

232 FRUEMNZR A ST RS PRI AST XT BR i
10 mg, HEV R OF 2 25 3 50 mL &, 53]
200 pg + mL ~'AST BEJR, T BERR B A5 21 150,
90. 60, 30, 10, 12, 2 ugemL ~'AST X M8 SR
HEREI 2, oSk A, DL AST Mg AR (4) X
FE iR (C) TS, MR R A4 =
2.58X10"C + 4.09X10° (» = 0.9999), FH] AST
1E2 ~ 150 pg » mL ' S LM E R AT
233 AST-NLCs fulpPRmazymiile  RATHEIE
P & AST-NLCs ) EE }2 DL, &% # B 0.5 mL
il 759 () AST-NLCs Ji 2 9, Jin A & B Bt 3L,
#EAT 30 min J54¢ 0.45 um GHFLIERES €, HPLC
FE ASTWREE, RS2SR Wwo 738005 mL AST-
NLCs T g0 (W 71& 10 kDa, Pall
Corporation, 3% [#), 5000 r * min ' %[> 15 min,
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HUpg, £ HPLC N, 15 F8 btk i o 1
TR Wheeo ZIRTIVAKS AT EEF1 DL

EE (%) = (Weoa — Wiee) /Wi X 100%

DL (%) = (Wou — Wiee) I Wiipias X 100%

EEKP W@mlﬂﬂfgéﬁﬁi; W@meﬂﬂﬁ?ggéﬁﬁi; Wﬁmm
S O B RE BT RE S . 24T AST-
NLCs 05 R 255505 (83.5+1.57) % Al
(12.840.89) % (n = 3), FW NLCs X} Z594H 5
L AR B
24 MmFREMEEE

HCH ST EE R B 10 mL, 3000 r * min '
B0 10 min, 5 2]/ LK 6677 7E — 20 CUKFE 7%
Ho SEEGRPR R AE = F s, BOBREEA
VIE. HUE R I, 7€ 37 C4&F T 7K 10 min
K- R, Bl SR AST-NLCs Jin g ifi 3%
BEE 2. 4. 8. 12h, PRFFIRE RN 37C, PRELHE
FER 150t min o SRR SCRIARA E R A2,
HETHCE TS AST-NLCs k12 F1 PDI 284k,

XFF kS OB BCR G, IR
TR, EERGRR A RER R, REHREE
+oEE, gRNE 4R, SR8 EE, 7
12 h (% ZEmT A N, AST-NLCs %712 Fil PDI 2% 1k,
BN, REtE R

P4 AST-NLCs ZEIK IR E (37°C) JEFHpRite M o iR 0
£ (n=3)
Fig 4 Change of mean particle size and PDI of AST-NLCs after

incubation in the plasma at 37 °C (n = 3)

2.5 fRANE N L

AR B Ay % AST-NLCs FAR b
T T %55, # AST 5258 . AST-NLCs il &
AEBRGAF B RTAS N, BATAS W FH 25 dn 21 26 4L
%, B E e e b, B %A 100 mL
WA T (20%PEG 400 4= BEER KW ) . H
M (37+£0.5) C, BEHSEEHR 120« min ', R
FHAEE o A T I ] sS M BOA 1 mL, (RS
AN FE R EIRE 2 A A, FESRZE 0.45
um fFLIE IS )5, 4 HPLC UERE, l5E AST
Werg, BEREIFEAT 3 00,

i s s, AST I 25 8 i i Hh R B 5 T
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AST-NLCs 41, 7F 3 h WEEikE] 7T, 1 AST-
NLCs 41| 7E 36 hJ5 A ik 21 P, [FEF, AST-
NLCs 21 V-l iof (1 SRR Rl 4622 0 3 1 T IR 24 M 4
JZK 4R 31.4%, T AST-NLCs i3] T 72.8%.

Fl5  AST MR (n = 3)
Fig5 Drug release profiles of AST (n = 3)

2.6 AST-NLCs % MDSCs #1 A549 41 i, thy 5 7 41

A3 SO B A K3 ) MDSCs Fil A549 2 ffd T
B (10001 » min ™ ' B0 3min) FRAJE
Wi dk, BmAGE R e SR A, TR, 1K
JaBr ARG 4X10° 4> » mL ', $EFRF 96 £L
M (80 uL/ fL). FEREFEE, AST 4H1 AST-NLCs
20 4 # #8200, 100, 50, 10, 1. 0.1 pmol = L '
Y825 100 pL, SPATSCE 6 4H, DAZS (SR
HR. K5 96 FLAUICE FERT FRA 5 9% 24 he RS 4
fLn 10 pL (FFEEEEE) CCK-8 W, TR,
TR 4 b, FREFRPTE 450 nm A E G
B (A4), BCFIEERIEAZIHE 2% MDSCs
1 AS49 YIAE AR AR, R CompuSyn k{4
ARSI (1Cs,) 1.

ZEHL DL 1 13K 2, AST Fl AST-NLCs X}
MDSCs F1 A549 4 L4 5 2 20 H BH S A4 i 9
BI5GB R Ko R . Hp, AST
F1 AST-NLCs X MDSCs 4 5 it) ICy, 43 51| 2N 68.62
pmol « L™ ' 1 16.24 umol » L ™", XF A549 4 il (1
ICs, 535} 28.79 umol « L ™' 11 10.18 pmol * L ™',
23] AST-NLCs %t MDSCs F11 A549 4 fitd it 10 1l %%
ST
2.7 AST-NLCs Xt AS549 7 /8 /N B fF i £ K B9 40
2.7.1  A549 JilidiE /N BB TR R85 R B
HAM) AS49 A5 10% 64 175 i) RPMI 55 35
FEETE, PR AS49 AT 2 2 X107 A~ emL !,
T BALB/c/NRAT MK T 3R 0.2 mL, {554
MO%E A 4 X 10° 4~ / H o 7E SPF HIAEE FIRIF%,
FFEE IR/ B A5 £ IR A= A L o
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F1 AEASI MDSCs HAARIIHIZE (n = 6)
Tab 1 Inhibition on MDSC:s cells in different groups (n = 6)

i . . Klﬁl%éE%Ti‘fﬂfﬁ'Jj% 1% - -
0.1 pmol * L I umol *+ L 10 umol * L 50 umol * L 100 pmol * L
AST 119+1.2 24.6+5.3 332+14 41.2+0.7 53.9+4.3
AST-NLCs 124+1.8 28.1+3.8 37.0%£3.6 543437 67.8+1.6
F2 AEAHIX A549 HEAHIHIFIZE (n = 6)
Tab 2 Inhibition on A549 cells in different groups (n = 6)
0 ; ; NEJ?ZEI‘ET?HI%'J$ 1% ) . .
0.1 ymol « L' lumol « L' 10 pmol « L' 50 umol « L' 100 pmol « L ™" 200 pmol « L~
AST 10.54+3.8 20.6+2.9 349142 47.6+6.8 65.7£2.5 73.5+6.0
AST-NLCs 155+1.1 247+3.8 41.6+4.2 553+24 76.2+1.1 84.94+0.2

272 MERIEHYIAY AR TR N U (R
29k 50 mm’, g TAT /N BB AL 23 B A BEER K 40
AST 4 LK AST-NLCs 4H 3 41, HdH4s 6 H. 4
G FIE L ASTHE  5mg s kg~ ', 4 H/MR
ot B ks ST 100 pL xERHI], A3 H 42—
W, A2 6 . ARSI IR /N BRI . HERE
KR L WO BER S 250 FR & /) BUAR T
i, WM, TR AR, 22 b A K
Mgk, Z5RA25)55 3 H, RIFIHERFEAE5E /)N
SR, BRI A R AR B AR e
Ve, HUELUN TRk, FREOLHEE,

WE 6 Frx, 7618 d BIRIT RN, 441/
FRENAY L FRb e R N sy N <R N
A PR K ZH IR AR AR B T B 2, AST AR Z,
1M AST-NLCs 21 fift 5 {4 B4 i i) b #45 B ol 2% 1
UiBH AST-NLCs ZH XJ /)N ERUAAR P ifr g 7 0 il 4
o E. DR R KR, S419)
/NS A G, (HICE] B ARk .

& 7 SR, AST Z1F1 AST-NLCs 2H At itz 2
BE/NTAEREIKA (P <005, P<001), Hib
AST-NLCs 21 i 5 it fe /)y, U BH LN A549 fif il
INERAIRTT RO A
2.8 FAON L R

X} AST-NLCs F B PE AT 48, B8vh 22
4y M3 4H: AST4l. AST-NLCsZH . A= 3 bk 41,
LA i — R JEANSEEh Y, T 10% FPREE [ R 1A 4H.
41, RGNS E AL T A AR R, A
T P EAD ORI )i By SN i WA AU TP i o2 (T

HLUR Y] A 25 R anE 8 frx, AST-NLCs
ZH AN A B ER K AR e JEBH B AR fk, Ui HH AST-
NLCs Jf- A Bk 25, 1 AST 4 80 T i 4
Pk LA K R AN IR R B 4, ULH AST 7=
TERKOR . AR g IR 1 B AST-NLCs figi%
ERN AR AST SR ERTER, X rTfeem T
AST-NLCs ELA % @ a3 oR, nl RUkE e K B

K6 /NEUMREIARL (A) FIREE (B) masfkiigk (P < 0.05,
“P<0.01)
Fig 6 Tumor volume ( A) and body mass (B ) of mice (P < 0.05,
“P<0.01)

B 7 AZ5IRYT 18 d AL AL (P < 0.05, TP << 0.01)
Fig 7 Tumor weight at the end of the 18-day treatment ( P << 0.05,
“P<001)

B AST FINMAS B, DI RRAER T 3k
3 e

TERANGS HSzaG . ASTENLCs 15213 HY -1
RORS TR ZE T AST 5258520, £ 36 h J5 A iR i
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€18 AST-NLCs X774 2= G fi 55 R 520
Fig 8 Effect of AST-NLCs on vascular irritation in New Zealand rabbits

WP, HA R AR, 9Kk 2
B — A LU LA, O Rk zse
I Q) 5 MGRIE TR B gkt
2R EYBIY W @ ORI, &
FETT AR5 . T NLCs XF AST HA
I AR, AST-NLCs MBI I T4l K i
JOT (VS T R 2 ) K o 4, S ORI
JEE TR, [RIN, NLCs 4 ks ERURIR Y
WS T IR 2R . HE AT R PR R 48 e e 4
il B NLCs J&7, 259 LA TG & BUR S AFAE T8 T am
Kopirf, PRI EAE AR SN REVBCR 1,

AST Xt Jiti 9 4t e H A7 B 3 g B0 VE T, TRl Bst
RE LT IRz iEE MIDSCs,  ELIBT G2 i 52 38 1%
W T WkEL A PE, RAEBUMIRER . AN
&P AST % MDSCs £ A549 40 oG o2 a4
YEFS, B AST il £ i NLCs J&,  HA il 26 55 58
W2, TR BN SE R 2 anit, JER] AST-
NLCs 1E A4t I fea il 300 5 AT ) R B9 R I FH i 35
AST-NLCs HulRyr 3 e Z 8T AST, HATREIRA
IR O 4 NLCs Rife/N, {00 (136.7+5.2)
nm, A] i REEE AN E RN (EPR) 15 it
AR, SRR T AST 7 Ra o7 (v e8 1 U1,
@ Mg B T AST AR AT, (il
SR TFHUREE A A% 1

Zr LRk, AWl n9 AST-NLCs HA
INEPRLARE . B BRI, [RIAT A A
WA I R e P, NLCs 434 ] i 4 7 AST
JER, FRAKAST (Y ER PRI M. AR 453 R
AST-NLCs X [ifi i 55 Mg G r iR 7 2%, 7
PR pF o s T EAA R AN AT

=
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EEREIR S —EiaH X B AREEERR

FHaT, TR, AT (1 BRI EL P ERIIE, WRE 1500005 2. BRI B RELER, IRIE
150000 )

HE: B HAEEFEMRI MCIT3-El B @AIEIH, L, FiL, HBBENYw. A
% A8 MTT weé ik, svlbsisids (ALP) XA &, F45% (BGP) &Al&, 4 v4gutir
AL, KA Flou-3 89 §i HAEM R FRE L ZF R FmIesg s, oM. 7, @Ien 545
B, R OMITWEERZ R AWM, 2.5, 125, 62.5. 125mg L' #3233 3 MC3T3-El
MBI HERREE (P>005); Haaak, 25, 25mg-L '"#HEEFTHIERS
MC3T3-El %8 JL ALP & 7%, W 625mge=L '8 E# 5 AEAE R 2d a8l 242 & ALP & &
(P<0.05);25mg-L " '"#93&H)M25 5d T2 F4R & MC3T3-El 296 BGP 7% (P < 0.05) ;
FHERLTIF6dNLHAfe GUAAE A EIAZKT 200 um 69 70T, 5% 12d
wgesthin, ROAYERAZRKT 2200 m B ET G, SHarET ks Tra4a
(P<0.05); BAMKLERLTHGMEMBINTILEERKGH Y ; Flou-3 a9 fi HE 4
RBFR25mg L ' EiEF AL RT@IEA-THRIBENEAS (P<005), &t EiE
FAEA5AT 3E MC3T3-El sF @it H LA B M A58,

KEIF . Ei%3F; MC3T3-El B amht; 38h; H1k; #1k; A4EK

FESES: R285 XERFRIRAD: A MERES: 1672-2981(2022)12-2799-06
doi:10.7539/j.issn.1672-2981.2022.12.016

Effect of monosine on the activity of osteoblasts grafting

YUAN Xu’, DONG Pei-liang'", HAN Hua® (1. Institute of Traditional Chinese Medicine,
Heilongjiang University of Chinese Medicine, Harbin 150000; 2. College of Pharmacy, Heilongjiang
University of Traditional Chinese Medicine, Harbin 150000)

Abstract: Objective To determine the effect of monosine on the proliferation, differentiation,
mineralization and free calcium of MC3T3-E1 osteoblasts in vitro. Methods MTT colorimetric assay,
alkaline phosphatase (ALP) kit, osteocalcin (BGP) kit, transmission electron microscopy, and Flou-
3 loading were used to observe the effect of different concentrations of monosine on the proliferation,
differentiation, mineralization, and intracellular free calcium of osteoblasts. Results MTT colorimetric
assay showed monosine at 2.5, 12.5, 62.5, and 125 mg * L " had no significant effect on the
proliferation of MC3T3-E1 cells (P > 0.05). Compared with the blank group, monosine at 2.5 and
12.5 mg * L ~ ' obviously increased the ALP activity of MC3T3-El cells, monosine at 62.5 mg * L '
increased the ALP activity only after 2 days of action (P < 0.05), monosine at 2.5 mg * L ~ 'greatly
increased the BGP activity of MC3T3-E1 cells after 5 days of cell administration (P << 0.05). The
mineralization showed no mineralized nodules with diameter over 200 pum in both the administration
group and the blank group after 6 days of culture. While orange mineralized nodules were found with
diameter over 200 um in both the administration group and the blank group after 12 days of culture,
statistically different from the blank group (P << 0.05). The electron microscopy showed bigger
extracellular density of mineralized substances in the drug group. The Flou-3 loading experiment

EETR: BIpIA Sl S S R RS ARE T 2RI H (No.1153G038) 3 MBApyT b 25 i+ A3 549 H (No.B201003 ).,
EER: 20, B, Bit, FENEYE 5D, email: 2512323442@qq.com  EEEE. WER, B, WL, @I0PR
B, BRSO, ARG KR T 2 EALHRITST, email: taliang@163.com; #hfe, 4, 1+, Bz, WI-EWFSTA S0,
N2 B Ty 2 i B XA ERIBLEIBESE , email: hh7551@163.com
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showed that the average fluorescence intensity of osteoblasts in the 2.5 mg * L ~ ' monosine group was

significantly higher than that in the blank group (P << 0.05). Conclusion Monosine can promote the

differentiation, mineralization and calcium release of MC3T3-E1 osteoblasts.

Key words: monosine; MC3T3-E1 osteoblast; proliferation; differentiation; mineralization; calcium

release

BB AR (Sambucus williamsii Hance ) “h 2.4
B} ( Caprifoliaceae ) %5 KJ& ( Sambucus linn ) i
Yy, NASEAKR, Beai. Emm. KiEaras,
JEAAE T E L sEAEH AN E X Y R
BARMFIRITT B RAERRB LM TILT4, Al
WHZES e, BABEEH . WIMiERE. #2X
Rz o M, PR BT Kk Bl AR B Bt
WREE. PLA . PO . BUEALEEER P, IE
REFEHTIRITE e P BT BFT I L
KA M e Y BB AR k2R Ry B 2,
PRI, . alifh kBB O H Ry,
A 4003 Ao ) AR o B A
TRANSZE . A MC3T3-E1 88 4R A5 . 2k
A0 DA KOS 240 0 R 9 25 4605 140 5 i 55 22 T % 4% L
TEAE AT a A L B TGRSR THURAE AY
R i S NI DA R S € BT B 2 = 7 N (1B i = T T
IRITE TN BTG YR LT o

1 w7
1.1 jkCE 40 fatk
N BRSO Bk MC3T3-E1 (bR i 40
L)
1.2 K%

DMEM K% 37 3t | JiE & H fif (3¢ [E HyClone
oy FD) 5 10% B 4= I (FBS ). MTT #% i (3£
Sigma /A Fl); BiETH (BIpITh Rz K2E2
22 b 254k ZOEE A AT 4%, HPLC A i 4li
ik 95% )5 FALEN R R fb=alm T, it
5 991218) 5 MBS (ALP) & (Feat
B TR ) s HLZERKS (K 4]
HER AR A FRAF]) 5 TritonX-100 (2 [E Amresco
N s BESZR (BGP) A& (TR A
PR, LS 200605); P62 4r (KHETH Bk
AL TIF &y, #E5: 20041201); Flou-3/AM
( Molecular Probe Inc ) ; EALES OB fb1850]—
], #5: 990506). HANARIYI A Al
1.3 (&

HF90 — %A fk ik 41 it £% 5% 4 . BlOsafel2 4=
Yt (il R ERE R AR ) 5 TGL-
20M = A AR E DML GRS 50 =AY RS
FRARRAF ) ; BIO-RADS50 EIigFR Y (FE™) ;
BCD-202T VK# (£ H]) 5 A-6 B[ ahd:4k

2800

SATIEAL (AL EHEARARA ) 5 F12003PS
Ay iRy (EE S B
) OGRS B . olympus Tokyo ck i 4t
LB, LSMS510 (EEZER]AH] ).

2 FHik
21 HAHE A

2.1.1 SO IR EEIS ORI,
MK FRFER 250.0 mg » L™, 3 0.2 um fHFLUE
PR TG VE R BE, 45 25 B0 L JC LT 9 DMEM
R R WK W B2 125.0, 625, 12.5. 2.5, 0.5
mgeL ', BOEETF R AT, L
H D-Hanks € ¥ #i B B BT &5 ¥k FE o 12,5, 2.5
mg * L' W TAERA

2.1.2  FALENE WS RS FRBOGRAL AN,
ZEWIKERE R 042 mg - L', 0.2 pm fFLuE
FEER TR 5 17 o

2.1.3  HUZEKRINIAE M AOH A G S AR 2E K
Wy, NZEKMBERE 0S5mg-L ', 0.2 um ik
FLUE BB 5 R H

214 FAALESEWAEIS RS PREGEALES,
ZEMKARRERE 1 mol » L™ ' F:H.

2.1.5 D-Hanks W FCH] 435K 2 AR BUE AL 40
Mkt 8.0g, EALH 0.4 g, Wil —E 8 0.06 g,
T KGR A 40 0.08 g, BRFR A 4HN 0.35 ¢,
BT 1000 mL BEFRHT, fILA 1000 mL HE 4l 7K E i,
FHRE 1 dran Bhigs, (8 FH AT FHZE K i 4K 7
BIVE— R WEER, OS50 mL B0 A4
%%, mnreEE W HMALIER I T, B0
PELRAF TR

2.1.6 Flou-3/AM [ #ll %  Flou-3/AM ¢ )t 8 1
LA (DMSO ) FikéZE 1 mmol « L~ ' 1
A, S256 it D-Hanks RS B8 5 pmol « L™ ' A
TAER (A Be O R RE G 2 R 1T )

2.2 wAKCE g B HE AE 0Y 1E R

2.2.1  4HMERESR BUOSEFR AL XA K
MC3T3-E1 B d 4i i, I ABEREH LS, &0,
A IS, A 10%FBS [ DMEM 2 fifl 3% 3

W, K AN R R 2X 101 A e mL !, AL
100 pL $ZFF 96 FLANAEES SR L.
2.2.2 EBIGPERRIN  15IR 24 hRHUE 96 fLIR,

B AN I B9 DMEM K5 32 R 4k 22 15 57, 5 2
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H B4k 25 DMEM 55 77 3L 7 8 Bl 10 A [R] e B 11
T & 25 BRI S AR 57 12, 24, 36, 48
h, BADNWER 3 NI, REHREFARSRF
W, BALHINA S mg e mL B MTT % 50
pL, 7637 CREFEAEHIEE 4 h, AlEEaiiwt
Moo Wk MTT WS, LA 100 nLDMSO,
FRULTE E e, FREPR 0N 2. B E AN
20 1) 40 LI AS 1 I 6 FE (B R 25 F, 7E 490 nm
P D WG B AW BEAE 5 58 25 W %
MC3T3-E1 88 403 5E 1 8 55

2.3 kR g B b B 1E A

231 kR BT RPECE R IE MC3T3-El
WEAniE, LREEHEALS, IMAE 10%FBS 141
SERRFRI, PRI R R 8 X 10 4~ emL
Bl 100 pL H2FPF 12 FLANMEER SRR L.

232 ALPIGMEME K75 24 h )5 5 AN ]
WP TC MG & 29 B RS A i s 5%, A H i
W, ELMEL L, 2. 3. 5d, BPIHEE 3 F
rfle FETHRIRW, BFLH 4 CHIE 1 PBS
Ve 2 WA 200 pL 4@, [ 2 URRL 3 W5
TF— 70 CH-A7, FHTFIE ALP 19I5

2.3.3 BGPHMME K57 24 hJ5 H i A
W BERTE NG & 25 B3R St 5%, M2 H
Pl —Ik, BHEEMEE3, 5. 7. 9d, BIHIER
3AFATHL . WK RS IR, — 70 CH
17, FRME BGP. AR 45 A5 v 5 22 i) A v il
2%, MPRMERNZIT ALY BGP W E .

2.4 XFRRCE A 1 R

241 AfuREER BT IR MC3T3-EL
BB Ui, ZBEREEAL)S, NS 10%FBS B4 i
SERRIEUG, KA PRl 8 X 10 femL ',
£RFL 100 pL 550 T 12 FLARMURE R0 I (REfLEE3R
Mo st —He 585 /), A 37°C. 5% CO, 1Y
Y tE R SRR T TR R

242 WRINEEMINGE  B5FE 24 h IS ERCN A
1ML ) DMEM 85 7 3£ 76 18 Bl A9 A [R) e B 10 5
bR SN FEE SR, B2 HEl—IR, &
ZeigR e, 12d. I T 6. 12 HFE LR,
1 90% Z B HEE[EE 10 min, FELZRHEE,
FH 0.1% 35 Z 40 44 45, 30 min, 4 IOAG 21 (45 15
BREW . EAR KT 200 um BF R M8 A 45755 1
WCEARAE. FF 40505 T, il sk EfLry e b
TEL

25 FHHEEWNE

2,51 4MIEE O 2.1 IR R R A A TR ik
BE AR L S MC3T3-E1 i i i s 32, 4
2 H¥l—wk, HESERS He

252 HEWE LREANRNE, RN
B, LI 800 r e min 'Y B K 3 B 0> 5 min,
A LEWR, WEAM, 3%k EEE, HT
HL B
2.6 AR CE 4R R A B R
2.6.1 ZffukEFE B TR K MC3T3-El
B Anit, ZBEREH AL, AT 10%FBS B9 4
MsE R, VA A 1X10* 4 emL ™,
R3] 96 FLAR L, HAAFLINA 100 uL 5557 24 h,
fEZmpEREA K
2.6.2 Flou-3 M#; I 24 hGHERFM],
H D-Hanks W& PB4 3 e, TGS T ImA
100 pL Flou-3. FEAHMIXEHAM T EE 1 h, L
Flou-3, | D-Hanks & F-3%E % 3 Wk, ¥k 4ok
AR, A 150 pL TCIMyER IR, AR, n
SACES IS MG P o NI 45 2450, 1 D[]
B% 6 s U EEFIHE, S 40 IR, BE—IREZ
VIR UL B3R 6 I THEANLIC SREEF LS R
2.7 Gt Hr

e SPSS 22.0 Gt H ik 1 T A i AL FE 3 Hr
J A B, x+s Ko, AR AR K I 2
S CANOVA ), DL P <0.05E£REREL5T
C- '8
3 &R
3.0 wAkCE g B HE A 0 1E

R 1 AHEL, 52 Ed i, 2.5, 125, 625,
125mg » L~ ' BT AL/E I 24 h /I 36 h i, 8
% 4 ¥ MC3T3-E1 A% 5 40 Bt 3% 56, 1F A 48 hif
AT RE A A, (H 22 R g L
(P>0.05); 0.5mg+L " 53T 4H AR H 24
hist, fERZIEHE MC3T3-E1 BB 4ijiutss, (HxR
TGt E Y (P> 005), BT 2.5, 125,
62.5. 125mg * L~ ' FIEL/ER 24 h fl1 36 h i}, 0.5
mg * L' IS LU 24 h X s 4 i
—ERHERER, (HEFEER AR (P> 0.05),
YEFH 48 h EHI 40 i 5

LT BTN I AN B T S )

Fig1 Effect of monosine on the proliferation of osteoblasts
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3.2 xR A b B 1E A

321 FEPETEX) ALPIEMER M B & 2 T A,
HEs 4, 25mg e L ISEIETF/E 1
d % B 3 10 MC3T3-E1 BUH 40 i ALP 357
(P <0.05), FH 2 dBJ bR AR E g, KRG
W5, EAIS AR, 125, 625mg L Ay
ST AVE R 2 d e BH B 3 58 MC3T3-E1 Al s
Y ALP i5PE, S5 SR A ST AR
(P <0.05),

P2 ZEy AR B A ALP 5 PR 5200
Fig2 Effect of monosine on the ALP activity of osteoblasts

TE (Note): 545 14l HL %, "P <005, "P <001 (vsthe
blank group, P < 0.05, "P < 0.01),

3.2.2  SATXT BGPIGYERY R FIE 3 ml %,
2.5mg e L " WBEHAER 5 d alff MC3T3-El
41 BGP iGE P B 3ene, S P4 ESfH
GFitFE X (P <0.05),

&3 ZEpE TR s 4 BGP 16 P95
Fig3 Effect of monosine on BGP activity of osteoblasts

# (Note): 545 41 H 8, P <0.05 (vs the blank group,
P <0.05),

3.3 XTRCE A 1 F

2t 6 d¥EFE, BEiGHRFER EA S A
FRVAT B EL AR KT 200 pm B9 FL A5 17, WS
0.1% PR YL Oz B, K BUAE A 40 P sl 4n
i A A AR T Sk R, B IR A 4 i Y
e SR AN ORI b AR SRR = 7 N i Bl B e L L
AR A 4L (WK 4A. B).

2t 12 dEEFE, ST R4 2 [ 4l
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HA HARKT 200 pm AURGLL EA L2515 0 (UL
4C. D), H25mg-L ' BEHAHMT LS80S
S ERAESIFE L (P <0.05) (WA 5),

4 BV O B AT A 4 B SE e (0.1% B R 4L gL,
X 40)

Fig 4 Effect of monosine on the number of mineralized nodules in
osteoblasts (0.1% alizarin red staining, X40)

A. 6 d Bi# 4] ( monosine group for 6 days ) ; B. 6 d 55 F141 ( blank
group for 6 days ) ; C. 12 d 5=i#iH 41 ( monosine group for 12 days ) ; D.
12 d 25 40 (blank group for 12 days )

5 B3R 12 d 5 SO H X s 4 e A 45 1 s i
Fig 5 Effect of monosine on the number of mineralized nodules in
osteoblasts after 12 days of cultrues

T (Note): 5725 (14l 5, "P < 0.05 (vs the blank group,
P <0.05),

34 FHHHEHENE

A MR RS BB (IR 6A ) ;
JRUR N B S SRR ORI PN 5 X LA S AR, R
BIEK (WK 6B, C); 4IEINE % R
ki (WLE 6D ).

S A IR R (WK 6E ) ;
MR N Eh A . AN AR5, fEER RS
W, AHEARTEER (WLE 6F ~ H ).

P&l 6 BT TR U H A0 A A s B A B r) S (375 5 P B UL
2, A, E. X4200; B, C, F, H. X20500; D. X9900; G. X16500)
Fig 6 Effect of monosine on the organelles and mineralization in
osteoblasts (observed by transmission electron microscope; A, E.
X4200; B, C, F, H. X20500; D. X9900; G. X16500)
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3.5 KR 4 Ui A4S N

B & 7 AT 1, Flou-3/AM 5 MC3T3-E1 i 1
A E R REE el . 55 HAML, 2.5
mg * L AT AL RENS I I 384 5 A 40 i S
Bt (P < 0.05), {EfEHAR G, —i
A IG5

7 SRR DO A RS

Fig 7 Effect of mononoside on change value of fluorescence intensity
7 (Note): 525 (140 4, "P < 0.05 (vs the blank group,

P <0.05),

4 1Fig

Rt E N ORI 2, A0 AL
2, HRBMERE LN TH WK, £k
s o w ILRIARTT 5 T R 2R IR 25 93 i i
W, (BRI RS EREZHAR
JR, ARG R H Az B RR S, PR & H8 58
A B8P BT 1 TR MM 114 HR 24 K O M A 40
251 Tz R Y, ARSI F ST A A
LRI RE e . k. ik, 40
JHE, PR 3 S A P S

S R — MG R B, RAAR
Ha KRB AROAR S, S8R 55,
aifbfea s, HARESITEE . o Igng .
P/ RRAE . RS ZE 25 BE A © ) s 40
it MC3T3-E1 &84 CSTBL/6 /N B T 40 B
BG5S BB AIRE R — R BB A AR, AR
WK, BRI, YiE SRR " R
Fis o BITEEEONE ) & S5 R E 4 MC3T3-E1
YIRS, BSCE 20 ) T R AN SR 5 R T
AN A R R 2 U R 0B G A e
RS b g . MTT ok se i 45 1
By, 2.5, 125, 62.5, 125 mg+ L~ " i 53 4 Xf
MC3T3-E1 i i HA G4 a3, HERT
Gt (P> 0.05),

ALP J& 5B 40 M b PR, 2 nl i 4n i
Wi fefebr, REERMEZEREDY, 25
S AL RE R, A PLBE R R = oL
B T RIS KA RIE R, RS TTR S, S0
GEREM, 2.5, 125 mg - L (UEIET AT B

P2 = MC3T3-E1 20 s ALP 35 7, 42718 5538 17 fig
i 2 #F MC3T3-E1 W% & 40 il 77 k. BGP & —Ff
EREEE, XERmESe. 7 HaEE, [
A2 B A A e B B b . ARSEIR A5 R %
B, 25mg- L "WREIET/EH S d] B E RS
MC3T3-E1 4l BGP {&1:, FEIZLH T REWAE T
MC3T3-E1 B 4 it

W A A A, B A Y TR R
AL AR R, bR A BB AR R B
REE R IR, B RS 6 d U A& A
egsi B, AUTEA I B T AR B S 45
SRZRESR 2 A RCE A BT B B i A g
B, HAEHHANES R ER T AL
B, RUZLFAT RS ML UE BB A s 1k, HED
ATRE SR 2R AT — R . TR A5 S a4 R i
TN, SR REAS B S T R R M P - X
SR, RS RRASYE NN M N ES R, T
21 L P S T A HE 5 i AN L A 2 e % DA
X, —ERREERENS AL IE B A0 A HE5H .

Zr b, BT AR A5 42 UF N E A0 I Y 1k
WAk, I ELREUE 18 i 40 it P9 85 04 RS, X
B AN T IR I AR B . (AR SZ R AL D
MC3T3-E1 S 4ipE o Gt 4 5 TIRSMITSE
FFANRE EAE AL (9 B 0T s b A 3 S
I ELXF B 6 R 40 B B/ FE AL B 58 1 AN 3
o NG 2275 ZEUETT 3 ) S 56 A b TR AR P SE
If Btk — B4R 58 HAE PG

SEXM

(11 HEM, 25, 28, % SEa AR s E
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RIGRERIBBEI KA FH & T ZHH R SHFZHTEDN

A

AEME! g3 ep @2 dihdet pEge A ST D Y (LRBIPES R, A 2300125 24 MEE T
2B ABLAF, AAE 230088; 3. RIS, FRT 211198; 4.ZHIERR2E, AL 230032)

oo

HE. B AW REERREES T N IR KRR SRR % (PAH) 4k
W&k, AR A FHATWT RN, Fik AR A RRIRS E. MOAER KR &AL,
WA AR (PBS) 89K . PBS AP s &8 18 69 ik (b AL 2h Ko ) &7 ik
I RIEE AP FF iR, S oH# R (PDI). Zeta wis, AEFEEARR G LR
Rk, RABRBOESBRBARERFEB Y, VORINRREEN T H G AN
OHFE HBR KRAMAEEARXEPBSKE N 6mmol s L ', Kk A 36:8:36F4TFT
FAREAMAAR, B A (127.74£1.92) nm, PDI # (0.126+0.00), Zeta #4234 (28.4+1.02)
mV, &#EA (85.1£0.09) %, #HHEH (303+3.9) %, i, PAHR B R ELALEBMR
B, it MARHEAFNLEWPAHMAARBE L LR, AR T, HE&EROEGAREERR
N, BELS R, BARRAERGL QIR

KEBIR: BRI, MRE;, BkE; £0F; aRE; &G E

RESES: RI43 SERFRIAAD: A XEHS: 1672-2981(2022)12-2804-09
doi:10.7539/j.issn.1672-2981.2022.12.017

Preparation of poly (allylamine) hydrochloride nanoparticles and
preliminary evaluation of pharmaceutics

XIONG Feng', SU Feng”®, LU Sheng-nan’, CAO Jun-ru®, CHU Xiao-qin', HE Guang-wei"”" (1.
Anhui University of Chinese Medicine, Hefei 230012; 2. Hefei Industrial Pharmaceutical Institute
Co., Ltd., Hefei 230088; 3. China Pharmaceutical University, Nanjing 211198; 4. Anhui Medical
University, Hefei 230032)

Abstract: Objective To study the preparation of poly (allylamine) hydrochloride (PAH) nanoparticles
with nanoparticle size and particle size distribution as the main indicators and to evaluate the
pharmaceutics. Methods The nanoparticles were prepared by vortex oscillation and microfluidics
respectively. The nanoparticles were optimized by adjusting the concentration and type of phosphate
and the flow rate ratio of each channel of microfluidics. The particle size, polydispersity coefficient
(PDI) and Zeta potential were determined by Malvern particle size potentiometry. Curcumin was used
as a model drug to prepare drug-loaded nanoparticles. Drug-loaded nanoparticles and free drugs were
separated by ultracentrifugation, and the encapsulation efficiency of drug-loaded nanoparticles was
determined by UV spectrophotometry. Results A superior particle size of (127.7%1.92) nm, a PDI

E&E @I e, 5, Wid, EEAFHAMEGHEADIL, email: 2744959543@qq.com BIEIEE: ), B, L, IAT00,
FENFATH W PFTESHF L, email: hgwhipi@hotmail.com
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of (0.126+0.00), a Zeta potential of (28.411.02) mV, an encapsulation efficiency of (85.10.09)%
and a drug loading capacity of (30.3 2=3.9)% were obtained with microfluidics at a PBS concentration
of 6 mmol * L ' and a flow rate ratio of 36 : 8 : 36. In addition, the PAH drug-loaded nanoparticles
exhibited sustained release properties. Conclusion The PAH nanoparticles by microfluidics are

simply prepared, with controllable parameters. The prepared drug-loaded nanoparticles have excellent

drug loading, encapsulation properties, small particle size and good particle size distribution.

Key words: poly (allylamine) hydrochloride; microfluidic; nanoparticle; curcumin; encapsulation

efficiency; drug loading capacity

B0 TN HE Bz £ 12 18 [poly (allylamine ) hydro-
chloride, PAH]J&—Ml)™ {2 fi FH Y SR H fiff o,
FTF A RIZRAIR)Z )2 A 20 N A
B ERNA S 7] 3 R e 0 = e Y e P d X
Wy B E AN 2 Bl PAH 2> T A K AYA
R, HpKa?yh 8.6, FEABRAME NHFA IERLT,
Al LLGE A F AR SN A G, 2 R AR
4R 1 RIRHZR G YA Sk 25 it
BAVERITE RRRIRTRE 1, DI In 25 P 5
, EEEAYREE T,

Z# 2 (curcumin, Cur) & —FZWHEY
i, REZEMNEFHEY RIRZEPEEE, dnlmad ik
AR, RIETE N, R EEA TS IBUNR
Pk . PUAAER, HAEW 5N & o R
IR B- FERFEEE I (amyloid B-protein, AB) 4%
GBI, HAmRMmS e, Wik
FELS e . TR . A& RSB AE . BRI
BRHG  IARAE AT A )32 WBFgE A A U
LWRIIRIEIR. BRI 2 (R, &2
SEPE 2SR E, BRI T AR R T g N
W g AR A E A g RE YR
FT gl PO RSO Y AR AR B i we
V20 W ) A B RN A R FH B I L 10 R
AT

G & WORR T IEAIRZE, i LR
ABE P gk Iyrye sk B MRk YL IR
WEHR 5 74 5 o (H J2 1K 28 Ty 385 il AT AE B AR A A
TE . orEhEZE . EEPRARSEELN, g Rk Y
YRR, AR RS E M A e BT A
MAE A AR = 8l T AR 22 . Htkdal
J R A S R4 P S s B R R — A ad
AT B A/ IR AR il AR AE IR 2 1) 18 A TR A
B TE], SRR B 425 T 2 K SO, RO ST A g8 b il 5 12
A HETE W) Z TR AR . BEY
[ O =R E 7 & AN W] K A B S AN 4 7 S 2
R A BV RS RO AR E AR A i g ok B
RARPER, (HAEE IHFERR IS B, 18 Bl i

ABYBE TN, PRI AT DL o i e iR 3 1 S A T AR A
A, RS T EH TR E R AR 5
5T

AREE LA PAHAE 23Rk, REHRITZ M
PAH 4 Kbrbife R 2, I R EE AR H IR
il PAH KK, DAERB R MBIRZGY), 435
SR I i I 95 1 PRI 45 2 AR il 4 280 24 9 KR,
FEXPRIAR . Zeta AL, EPR | e B2k
REEA TRV o
1 UEES5iKH

PAH (#lt5: 12119655, Figpl+s T A4 {bF}
F M ARAF) 3 BER 8 (KH,PO,, fit5:
20210409, bR FEL ARG R A ) s ok
iR = 4 (Na,HPO,, #t5: 210513055C, B
sALFRARI A A R AR 5 FEAkE (NaCl, it
5. P1403292, GENERAL-REAGENT ); 2 &%
£ (Hit*5: DOS17A, ELAY); NaOH (L5
2011072, PUBeRbAMmABRAR) 5 vKESER (dit
71 20210906), ik -80 (Hit*5: 20201119,
LA RIE R AR 5 gtk (A,

DF101 SR #E i pEas (A
IUESTT) 5 BEIRER A AKHL (i EE R A 28
PR ] 5 KQ5200 BY#A 75 i v v (Bl
PSS A BN ) 5 AL104 H K7 [ Hir 4t
Fl Z A A (B AE A R A F ] Uv-2700 %Y
LM AT [ AR () B BRAFE ];
Vortex-2 JER IR SN (B ir S A BRA R ;
WH-SSP-08 4 A 3 41 % /50 pm X 50 pum + 5
FrifE PDMS ot e (IR PH SRR 8 2 AR B4y A B
5HE]) 5 RG-160AT 5 20 sy 5 0L (B SR Y
BODHUNES A PR/ 7)) ; Zetasizer Nano ZS-90 44
Kok 5 L Y (95 [E Malvern A7) ) 5 LYO-0.5 24
MRV E AR EAL (REARE R A B
NTIDN
2 HAEEER
2.1 WERGER S KRR EE T R

Fie SCHR 7 ¥, SR FH I e 3% 35 15 il 4 9l oK

2805



Central South Pharmacy. December 2022, Vol. 20 No. 12

FRRIZ24 2022 4F 12 A 4520 % 45 12.10)

ki P, HUCPAH (4 F 4 15 kDa ) 200 mg % T
20 mL 4K H, HFS 2 min, FoOIAE R, BC
T R N 10mg « mL™ ' RS WIE .
B Na,HPO, 0.9937 g. KH,PO, 0.3811 g. NaCl
0.5844 g ¥ T 1000 mL #4li/kd, #/4 1 min, 38
s R, W] 7 mmol e L™ PBS A M. HX 1
mL /) PAH BEWERT 10 mL .08 %, A
9mL ¥ 7mmol * L '"PBSIE W (Vigs : Ve =
9:1), W€ 15s, HIFF PAHAOKKL, HWREH®
HEREWR, RATEEME 3R, d58REN
(500.83+16.84) nm, PDI J (0.5174+0.01), %
RwmAK, B RXUES T, HILFEE—2 0k
RiAt o

2.1.1 PBSIHERXI A KRCRAR M 4 5 Bd i
Wl M4, 5.6, 7mmol « L ' PBS¥¥i; PAH
WeBEARAS, 2 B a7 i 4 PAH 400K ki, WL
KPR, RREENE 3R, RKWME, 45
UL E 1, PBSHk BE AN 4 mmol « L~ '3 i F) 7
mmol * L~ " IF, 4N KL 1A R A B4 th 72 1 8
2 FL . PBSHK ¥ 7E 4 ~ 6 mmol « L~ ' A,
gy KR R A2 N (70.36+0.52) nm 2518 BN &=
(118.33£0.81) nm, 3 Ff Z& 1% 1% i iy J5< [5 7] fig
J& PAH 70 T 558 Z B IRAR B 1 R A S 456
S PBS W E R 7 mmol oL A, KiARZEERBEI,
AT BB SR/ IV AR R B AR 2 i AR R A
B4 [HIUAH 6 mmol - L™ ' PBS i 5 PAH &
ALK PDL/NT 0.2, R,

2.1.2  NaClIERXFTYORRRAR R 43l Be il
W BE M0, 10, 20, 30, 40, 50 mmol * L 'Y
NaCl % ; FHo Na,HPO, #¢ 5 6 mmol < L ',
KH,PO, ¥ & & 24 mmol* L ', PAH¥ & R~
AR IR AR v 5 PAH G OK R, IR B (T
Ak, RAREENE 3R, KYME, S5RILAE 2,
NaCl fHR FE S TP R 8 Fom . 2 1o
FEYETNES, PAH 4rF4E 4G AR ™ 8 2510k
FERRAGES, REWn THEET R, Mok, &1k
B By3E ] LI R G oy Rk Z R 7, A2
BEGKORL A AR PO I 2 R, 24 NaCl ik
M Ommol « L "5 fil & 50 mmol « L~ "B}, 44
KBE R E AR EOZESINEEIL A, ks
i (104.8710.65) nm ¥ /i1 % (249.57+6.66) nm,
PDIHH (0.17240.01) & #i % £ (0.064+0.00),
W BE A 3% A ¥ —, PAHZE 0 ~ 20 mmol » L'
1Y NaClLIE R, TR R4 KR4 /N T 200 nm.,
2.1.3 A BEIRER AW (Na,HPO,) XT 4 KA
PR Syl BRI R 3. 405,607
mmol*L ™' ) Na,HPO, 1% ; NaCl 7 10 mmol*L ',
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PAH ¥ J&E AL, Jf 48 BRI 7 vk il & PAH 4K
B, WEE AL, R EEIE 3k, KIIMHE,
gk WL & 3, Na,HPO, ¥ J¥ y 3 mmol « L~ ' i,
IR B, AR IRk T
Na,HPO, ¥ 5 7E 4 ~ 7mmol » L ™' N, 4Kk
WHIEE RSB IR ZFL A, 9KRRk A4S
(80.69£0.50) nm 4 % (431.23£18.19) nm. iX
FioRi AL B R 5 “2.1.17 3R PBS 2510,
4 ~ 5 mmol » L ™' ) Na,HPO, J& i i 44 K i fit) o
/N 200 nm, PDI/NT 0.2, kiBE4rAadis],
2.1.4 A BEIRER VI (KH,PO,) X 44 KA
RAR IR 43 5 BC R BE A 30, 40, 50, 60,
70 mmol * L ' 1Y KH,PO, ¥ Wi ; NaCl ¥k &} 10
mmol « L ™', PAH & A%, % M8 |k J5 B
7% PAH 90 KRR 9 KR i, WS A8 1k,
PARERE 3 E, KM, 458 LE 4. 30
mmol » L~ ' KH,PO, 5 PAH 1Y & & ¥ Wk 78 15 15
B, %W T R4 KRB . KH,PO, iy FE 7F
40 ~ 70 mmol * L~ ' PN, AR (0 iz ik
IRZEFLA, PKRDRiAEH (71.50£2.22) nm 14
% (221.10%+6.82) nm. &l 3 15 #] Na,HPO, 5
PAH JE B4 AR A B I B /& 4 mmol = L1, 4%
M2 1 AT IL, KH,PO, 5 PAH JE g Kk
AR B Y 1% % 8 mmol » L', {Hi 5645 310
40 mmol * L ™' 1Y KH,PO, A & ¥ 1L 40 K i 1 £
e s . F A KH,PO, 5 PAH A M 55 48 ik
KA S A, KHPO, EBK, 5 PAHZS
P H L, FERE K. fEERJI/NTE
THE, RS E KH,PO, T gh Kk i v B it K
T Na,HPO, 1% J5t K P, 40 ~ 50 mmol « L ~ ' [
KH,PO, JE il i 4 K i 4% 44 /N F 200 nm, PDI
BINT 0.2, REEMA],

R FH iR THE R 957 125 7 3 0 Kor ) e A4 A I 0
SEpH, Z5RWFE 1, HFA 6 mmol L'y PBS
W pH [E M ARSI, HARARE /N, 220 6
mmol * L~ ' PBS 5 PAH & AL 4N K s (K7 A% 23 A1
K, 4538 WK S5, PAHS 6 mmol - L ' PBS &
AN AR RLAR A A 5], HLAR PR A
MR R SRBT S IZ N KR Ra e M
2.1.5 AeKkiffaENESY MIPAH S 6 mmol « L
PBS LM AKRL, 78 (25+5) CHLHE 48h, FAE
0.1.2.3.4.5.6.24. 48h BULFEM, MEk L,
FREME 3K, KIE, FRK 6. 7.

& 6 it an, 7E 0~ 48 h44 >k ki ki £ i
(110.70+£0.59) nm ¥4 % (175.17+£0.37) nm, PDI
BIUNTF0.2, IFARGESE, RESMIN5. 0~6
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Bl 1 AFEHEER PBS 5 PAHJE AR B EAE L (a) Jokife
4315 (b)
Fig 1

nanoparticles formed by different concentrations of PBS and PAH

Colour change (a) and particle size distribution (b ) of

2 AR NaCl 5 PAHIE KRB E AR (a) Sokifd
s (b)
Fig 2 Colour change (a) and particle size distribution (b ) of nano-

nanoparticles formed by different concentrations of NaCl and PAH

F1 RAERIRS LR SRERE
Tab 1 Optimal particle size screening by vortex oscillation

NGBS R _ Hifz mm PDI pH
(mmol<L ")

PBS 6 118.334£0.81  0.14620.00  7.40

204} Na,HPO, 4 80.69+0.50 0.179+0.01  8.95

5 139.03£1.04 0.051£0.02 9.01

ZH ) KH,PO, 40 71504221 0.143£0.02  4.45

50 97.61+£1.40 0.078+0.01  4.32

60 14810511 0.060.00 439

B3 RIEIHE B4l 5 Na,HPO, 5 PAH JE AR AY B (0 A5k (a)
Fekidz s34 (b)
Fig3 Colour change (a) and particle size distribution (b ) of nanoparticles

formed by single-component Na,HPO, and PAH at different concentrations

[ 4 AR FAL; KH,PO, 15 PAHJE A KB (a)
Kokitz sy (b)

Fig 4 Colour change (a) and particle size distribution (b) of
nanoparticles formed by single-component KH,PO, and PAH at different

concentrations

5 PAH L 6 mmol « L~ ' PBS JE RN AL A 4250110
Fig 5 Particle size distribution of nanoparticles formed by PAH and 6
mmol + L~ ' PBS
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E 6 FoEtEu
Fig 6 Stability study

h kAR LA K 2 KA, GRRIAI R E
JAFE 7 G M K B, BRI AE B K
48 h J5 s8R B g A, H/hF 200 nm, KL 6
mmol * L ™' PBS & 5 PAH JE 1 i) 44 K i AH %of

Pl 7 45 48 ¥R
Fig 7 Particle size distribution at 48 hours

R 1 PR, A BRI, BARAT
DAIE 3 981 e BE R/ R g AR kAR, (HE:
AFFE N pHAE, #HIEANEN, &3S
SR, “2.1.37 1 “2.1.47 TR 45 5 K PAH 4
KR IE B HLE R . Na,HPO, 5 PAH i 1 ¥ H1 /F
B 1094 K kL, KH,PO, 5 PAH i i) &0 8 4 HE
A KR PBS R H A G2 oi Ve LA R 5 ik
VL) pHAE, ZeetEe; DIEEEME BN EEH S
PAH %54, famethlf. Beah, i “2.1.27 T F Ay
JEATHN, NaCl—J7 18 ] LASE 12 9 15 7 1 2 1
SRIE, TR RN S —Jr T ] AGERE AR B
%, %4 10 mmol « L~ ' NaCl PBS ¥ il 1 i A
mgkki, Hit, 6mmol « L~ 'PBS (6 mmol « L'
Na,HPO,. 2.4 mmol * L ' KH,PO,., 10 mmol « L '
NaCl) A WUE PAH GURRIE R B EE 2R
22 MAEHAH LN KK LR EETR
2201 R E ARG S KR R A
PDMS Frifeits i VE M WIR Al iE . RAER N 10
mg * mL~ ' i PAH A TR, W3 S ) 895 VRO S n o 7
mmol * L™ ', 6 mmol * L™ ' PBS AW, I35 E
Tk PBS : PAH : PBS /18 : 4 : 18, 27 : 6 : 27,

2808

36:8:36, 45:10:45, 54:12:54. 90 : 20 : 90
Bk, RARTEE 3 UINGE, SR, S50
8,

& 8ath, THiE K 36 : 8 : 36 kKifti/N, N
(133.90£0.51) nm; JE R 54 1 12 : 54 Kifth
K, K (17337+1.69) nm; PDIH/NT 02, 5K
1 AHEE, kAR5 EIAR Kok, sl 8b 7, PBS
VW 6 mmol « L', TEFEL N 36 : 8 : 36 1Y
KT, AR — 2L NE (87.6240.34)
nm, HEREESERLE, fEESMRET, DOt
Ui W T EAL b A O R SN L S R Op T ST =
SERRRE RIS . ATRE T ig, FEUR
ABFRER, UoRpidt— A K R e,
Gk AT R, B s A TR
P IS A N AR 2 TR TR AR, iR
PAH 5 PBS 454, SECkiAH . XFkiiaAe{k
S AR &AL G IR R AR AS AR ] P2,

518 SR A s A KL
Fig 8 Nanoparticle preparation by microfluidic
a.7mmol * L' PBS; b.6mmol + L~ ' PBS

222 fmEHE ARG KRR EE B
“2.2.17 WIF MIMFRAE R, XTI 36 1 8 36
TR KR A TR E e gT, O R AR M 10
mg * mL~ ' ) PAHIFR, $5N 6 mmol « L'
PBS VAW, JfH % “2.1.57 Wi By [a) L BORe il
FE, A 3R, SRIME, S5RILE 9 KA 10,
wE 9 frR, 48 h N2 M (80.954+2.39)
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nm A~ W7 38 & (143.90+£0.46) nm, PDI# /N T
0.14. WE 10 fron, 40K K7E 25 48 h (R0 73
R, %A BB R SOl R, TR
PR RTEV LR 36 ¢ 8 1 36 451923 G KHT
1 48 h W HA AR e M

E 9 FEtEue
Fig9 Stability study

Size Digtibuticn by InbrEly

o
T

Infanshy (Fersand
=
e

1 1 10 A0 1000 glrcii]
Bize jdam)

-

B 10 55 48 h APRLAR S M
Fig 10 Particle size distribution at 48 hours

T TR B 45 B AR A 4 AT B Ry B A TR
2 P WA T B AT B, VR A
KF 100 pL » min~ " EF, R H B0 ™ A T CER
%, PR AR VR 56 v 88 I 1 O R e Rk 90
pL e min ‘o BR TSN, TR IR
VA TR P S 25 4 2 2 W R 4 T B 9 AR P 2 [
R SRR EEA YR, TR, +7F
ALY BURDT BLE R Rt — AN S, 5
AR PR AL Al AL T, ol A5 3 T VS TR A
Y BURN T BLE R PR A SCR /N AL R, &
Gy R AN S A . BRibZ Ah, EiE R
WS IR A BRI CHE, /T 100 pm 13T,
S RERERAGVCR, FIARIE pkstE 71
TR GEIERSE N 50 pm BRURSE S Ao I FIAY
T A TR TR IR ¥ o TR 42 5 A il 4 0 A g 3
A SH, ORI 5 1 i £ 4R RORL B SR TR AR
Faaett, uBhR | R EIARKESE, HEIE
WHAES o B AR B, DR e T
TEHR G I e AT SR T, SRR T2
AT B AR BT
23 EHEERAGH KRN H L

230 EWESEWE HEFEHE 0.1 g
KM AR E S0 mL i, A 30 mL 6K £ BE,
A 3 min fHHFEMAME, A 20 mL JoK e
7%, MR 20 4%, 3R HE N 100 pg e mL™ ' 2
BRI B 1 mL AR E 10 mL &I,
FIOK CERREES, ARk A 10 pg » mL ™
WA, THE R ERINE R FHET 4 B
£ Wi 700, 600, 500, 400. 300, 200, 100 pL ‘&
10 mL I, JFHTCK OEEER, w3
WHEN 1, 2,3, 4,5, 6, TpgemL ' [WhRIEV
W, WRRIME, FAREERIEIME R
427 nm, YRR HFEAROCE (4) = 0.1853C —
0.024 14, R =0.9993, LWHLHRIFWIE1 ~7
ng » mL ' SUOGEEEA RAFILPER R

Bifl 1. 4. 5. 7ug e mL™ ' HHEFEW, L
1. 4, 7TpgemL 'K, P &3 FRIE, 435
YEATAG % BE AN RDSCRI S ; 2 BI7E 0. 3. 6. 12,
24 h M E AR OSSR T AR E RS BLS
ng e mL ' AYIETR S (I EWOR R, dEfTEE M
RIS, 25 BRI RSD /NT 1.3%, [l Z A
97.58% ~ 101.41%, FeEMilin W tEE RSD
1.3% (n=2>5) ; R MR WG RSD 4 0.75%
(n=175), HEFHRAERTFHER,

2.3.2  PAH ZRZARLI ] 5

O HWAECH . B0.1 g 2B AET 50
mL &=, 0.1 mmol » L™ ' NaOH & fi#, i
FIRUFR T K 2 mg » mL ™' HE R . 0.1
g PAH #5K B F 10 mL &4, H 12% vKEERRIA
sk, BoHal 10 mg « mL™ ' REWIER

Q) NIRRT . SR Y
ik B AT £ . W IR S PAH Y
1: 2 IRFL LIRS, 76 1000 r » min~ ' 514 F,
WPk 2 min, 442N A 8 mL 6 mmol * L~ ' PBS &
W, WEE20s, FAEA.

@ R AR G S B2 KK B PAH I
WHEHERIREG, IPHIRARBRIE I RER, B
R ER VS WAE MBSO, JFHE R 36 : 8« 36 i L
RE, WIEYRRLAR

@ 2y HAEPRAME . PR A A Y
KRS T 10 000 r » min~ ' B0y 15 min, IF
B3, 7E 427 nm B N IENOEREE, [RIRPEE
SRR 5 mL B 4l K EORT L, R R TR 10
h, #HfTRER (EE, %) M#EzZiE (DL, %) 1)
M5E. EE (%) = m/m,X100%, DL (%) = m,/
my X 100% (m, 43 35 7€ PAH 1% 22 5 2 i &,
m, WAETE PAH H 22 R T Sl s 2 R T
HEE, my WARGTERNER), SRILE 2,
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R2 HAPRKFFZEN (0 =3)

Tab 2 Pharmaceutical evaluation of drug-carrying nanoparticles (n = 3)

ik A2 /mm PDI Zeta/mV EE/% DL/%
PR 12 193.7£2.01 0.24840.01 41.6+4.12 41.2+3.1 8.5+23
TR 127.7+£1.92 0.126+0.00 28.4+1.02 85.140.09 30.3+3.9

2% 2 NS5 TT A, TR EYR % T il 2% 4k 24
gk Y, KtENERIRAE A2, &
Bokife Kk, AAES), Zeta BNIR K, LB
KR mik, TR E R, (i1
YRR R (UL 11a) 5 78 foi 42 1l
R, AL R T RO A8
B, FHSBEWTTRA, FRMWAN, 5m
—, Zeta AR/, ARG 25 815 ) I ek
2, RIERBES (WA 11b), WA ELZRZY
Vv PAH L. IR TER 15 15 A0 78 3 AR i &
M9 25 IR AL Zeta LAV 43518 (63.2340.53)
mV, (482+121) mV., SaHGKRA L, P
b 5 1 1 25 1 3 2 9 AR A REAR T A S TR R 3 )
A, {H Zeta ARG, TR R AT REZ 25
A, f#i15 PAH 5%i4b Cur ™8 38 o 8 F 25 4
RN, ARG A FEIR AT BB 25
GERRLRREYE, PRI TR X R 5 H AR il %
A AR TR PER ST .

B ek (a) MBURESAR (b) S MBI ARSI €
Fig 11  Colour of drug-carrying nanoparticles by vortex oscillation

method (a) and microfluidics (b )

233 UREERGIS B A YRR ENE &R
“2.3.27 T T kA AURRL, FF H A (2157 WK
TrE TR S . KA E A 3 UllE, RIS,
gER LI 12, 13, WE 12 Bios, 160 ~ 24 h kL
% (118.67£0.21) ~ (186.70+1.48) nm, PDI
INT 0.1, RifRIFTEZ KA, RIS, A
—. [HAESS 48 hit, HiALHE N (1487+5.60) nm,
PDIENZ 0.3, SEAES G (UL 13), =7
A B2 REAE 24 h NRERSIEEF—EFa ek,
{B7E 48 h g Rb R AR RAEVIRE, RUEHEAIZ AN
Kki, Cur TRIARRIRIAS . BN TRV —E
AT
2.4 PAH # 2 41 Kb o9 (R A B3
KB EE PAH 2 2590 KR a4 41
B2k fie B9, B 3 mL PAH 22590 KR W S T

2810

P12 RETERTTE
Fig 12 Stability study

[#1 13 %4f 48 h kAR oA
Fig 13 Particle size distribution at 48 hours
1 kDa fET4S 1, A 100 mL 4EIEM T, A
80 mL %4 1%Tween 80 AYAEFIER/K (pH = 7.0).
P4 B T oK E IR P A, 37°CL 105
remin ' ARPFE TR, 00 A AR A AR
S AE05, 1,2, 3,4, 5, 6, 8, 12, 24 hi}
[ ORI TR S ARRR Yz (I T, DAAE R i
(28 RIFAME I RIE, S5 R S, HERF
WAETT 4 h 1 BRI 70.3%, SRR
o PRI R AR A HEPR 2 125 1] B 1 02 9 Kk
24 h BB 91K 56.5% . 58.3%, SEME
VAR L, PAH #R2G0Kb HA —E SRR .
YRR AT e S YKk AR S 8
K, HRIEEEERIGIRRL, RARRR AR H
ARKYBUEE, FEEY R AR AT
(3. g 2 iR, RANER IR 6 A gk
BRI R TR AR ARk, N % AT LA
AT RRRACR, (BnE 14 iR, ek
BB BRI R TR, ZRACRA I
A, TR A B A R A i 9ok 2
BRI TE, PRI B2 R B
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€14 PAH #ZGHKRL S ME I 22
Fig 14 In vitro release profile of PAH drug-loaded nanoparticles

3 itig

KA RT 200 nm (494 K A4 R T BT IE |
FRE AR AR B BR, /DT 5 nm Y A8K 2R X
SR R PR vk B HRTPRRR R B, e AL
BRI EMG WA ARER G AL . R S B A3
7, K EARTE F R 50 ~ 200 nm ki Az BT
P, FoREIE AR T B2

PAH 5 PBS A& fi% JE 1l 44 K KL 14 J5L P /& PAH
LI AR B A e S AU Y 2R
7E.0.1 mol « L™ ' 1y KOH ¥ ¥k 1 ¥ i, Cur®™, {ff
LM FW AR RS, 25 PAH R AR
454, BERRER AT LAGIE B 49K R g e B,
IR B, PAH 449K R 8 52 0] LASE 3 9% 15 PBS
W BE . BRAL 7y KHL,PO, ¥k B2 512 73 Na,HPO,
NaCl e B2 A AL RIAL o

TR B A ] L3 e O A/ N — 04
KR RAR , AR S e — . [ i
BT KA R B R G R, TR R T
LR R R AR . BRILZ AN, O
PEROR M s KRR R R, HFERIAER R D,
TERGWHIEL, Fenlid TR AR BOR B F
Fo (HRAEGRKLI ] 2 h B, OB A
FPKRLLE Ty IR R & 25 U, &
BUS A, P —E B R A 4 A S K
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FIHE, BWW, Kkdad, B2, IMEE CsrhEikes b2k, Just 102488)

HME: B RKAFRAETRBORCELBRAGIERN., Aix RAEHEEWE LT
RBY AT E LB MM Hon, AR S0 EREN T LA EERE, A ABERKSL
Tk Fe Ry R R H KA B IRBACH, B-1, 3-D- R B A R B JE30 B VL A B0 TE P
FER OLREEFRAA 0781 ~ 12,500 mg » mL ' B, EIH TR AL E LB L
HHBIAER; AR TR RN M, LELBE P AR SIRA SR, ¥t
o T I AR ZARMUE 0 7 XA 6] A B IR BACE . B-1, 3-D- F] RAE &8 Fo 3520 B2 0L 2.8
B, EREREH 6250mg s mL ' /AP HEAREF (P <0.01), Fig LHiETHRK
Wi & LB A G VE R T Akl i AR A s IR BALEE . B-1, 3-D - F) RAE S B e IR 20 BR LA
Bt A, k) mielE & A & B A e, BmBRm LM ZER Frhaél
BRAGREZAS, RAFREECLBRRA ML T, XIFR AN,

KR WARER,; £AGE,; BMEM,;, LT, 6LR7

FE S ES: R284 XEkFRIRAD: A XEHS: 1672-2981(2022)12-2813-05
doi:10.7539/j.issn.1672-2981.2022.12.018

Antifungal effect of Viola yedoensis Makino extract on Trichopyhton rubrum

WANG Gui-rong, CHENG Li-li, ZHU Nan-nan, CHEN Ying, SUN Zhi-rong" (School of Chinese
Materia Medica, Beijing University of Chinese Medicine, Beijing 102488)

Abstract: Objective To determine the antifungal effect of Viola yedoensis Makino extract on
Trichopyhton rubrum. Methods Transmission electron microscope was used to evaluate the
ultrastructures of Trichopyhton rubrum treated by Viola yedoensis Makino extract. The biosynthesis
of ergosterol was analysed with HPLC, and the concentrations of squalene epoxidase, -1, 3-D-glucan
synthase, and succinic dehydrogenase were determined with enzyme-linked immunosorbent assay and
fluorescence spectrophotometry. Results Viola yedoensis Makino extract showed antifungal effect
on Trichopyhton rubrum at 0.781 — 12.500 mg * mL ~ '. The synthesis of ergosterol in Trichopyhton
rubrum decreased with the content increase of Viola yedoensis Makino extract. The synthesis of squalene
epoxidase, -1, 3-D-glucan synthase, and succinic dehydrogenase were attenuated by Viola yedoensis
Makino extract in a dose-dependent manner, especially at 6.250 mg * mL ~ ' (P < 0.01). Conclusion
Antifungal effect of Viola yedoensis Makino extract on Trichopyhton rubrum may act by decreasing the
synthesis of squalene epoxidase, -1, 3-D-glucan synthase, and succinic dehydrogenase to inhibit the
synthesis of ergosterol, whice further destroys the integrity of cell membrane structure, affects the energy
metabolism of Trichopyhton rubrum and eventually leads to cell death for sterilization.

Key words: antifungal effect; ergosterol; ultrastructure; Viola yedoensis Makino; Trichopyhton
rubrum

21 0 B W B Trichopyhton rubrum J& 5 8018 . OB W, FEBEESGBARESH TS
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EETA: ERIUCLN = HARKZTED (No. CARS-21).

EZ B THOE, 4, TEEEmses, FEAFH PR, email: w15194181161@163.com ~EEMEE: NG, &,
Bz, FENFPAEIE TSI RIS, email: zrs67 @126. com
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PR A R AEIRATE BT HRT R TR Rk
WERR IR EA IR, ARt BE R Y asE
MR 202, W AEET 290k . T PEIE A A5 ]
RO R R R A TR 2 I H 25, SR
EERBFFTE ) Z 0 T, R Pl 2 S 4R A
TERBAE SR 25 . R 2y AR ok
Bz AR D ARSI b
T Viola yedoensis Makino N 3¢ Bl H32 @ Y,
FEAETE, HARMEED, DTei A
25, FERBIGET I FHFIRIT e . R R R
RAE M SN AR SRR B R T S T R
FURIEYT AR, AT R M S
TS ARESE . BT U RIFEFE
g, HAPURE. PiR. PUREESIEN, TR
JURE TR BRI, S TR AL 6 R
APCE TGN M, HHAE ML A, %
DEARCE Y esopU NI PO 2 =S5 I 73 L7
PIPTERAEA, IR EAE LR, e T
I AR LS

1 FE5RH

1.1 A

SAEH T Y E U N 4 AR R Hb X BT B
X, M4k > 600 m, % % W6 k2014 4F 11
H, 2 DNA FIE S H ARG 5L # T Viola
yedoensis Makino ", 5 /K mp vk s bk AE Y, T
s o AW E Trichopyhton rubrum (95
ATCC 4438) tirh EEE2=RER (Fat) IR EE
Befeflt, VWIRKE IR A 1%, ®EPE 4%,
ALK EEAARE 25 g, M B R, BT 250
mL &2, E25.

ToK OBE, ToKNER (AERfe T )5 25% 1%
T 1% k. BRI ARIE. BT
e 3L PRI (DDSA) ., BRI K — g — T
fis (DBP)., Jink | — 2 37 (DEA)(Jb 5t
M HRH ARG R T 5 F A R IR (SRR
TR AE Y R A BR A F], HPLC = 98%, #it'5:
141104) 5 KR —RZEBIK, iR 20, JCP NaCl i
. PBS BEMRELZE ik (pH = 7.2)(JL i Rk FEFR
AR, HEBEREA R S (squalene
epoxidase ) ¥ P Hb (2 3% o 1w R ) A (36
GENMED ) ; ELIEAMES- (1, 3) -D- HZME & il
TR SRR & (32E GENMED ) 5 LR /
BRI BE AR A = ( SDH ) 15 Fb 832 2 s
76 (32[E GENMED ) ; Pierce BCA Protein Assay
Kit ( 35 [E Thermo Fisher scientific /A H] ).

1.2 (L&

2814

OHAUS CP224C BRI, F 43 #7 K (B2
PEERAT]) ; XDTD-6000 HIfE IR /K5 (i
I FAE BR /AT ) 3 RE-52AA BUfiEskzg kAL (I
TR AR AR SR ) 5 GHP-9080 sk = 1E i 4% 35
i (i ERAAES A R R ;. LT-CPS 372U
NFERK A [ SEAEAR ) (1) BlE A B
A ]; 7800 il JJHL (Hi LKB A H ) ; EMUC6 ##
WY AL (5 Leica /A H]) ;3 H-7500 B35 5 i 5%
(AAHSIAFD s 3K15 B S HE.ONL (FE [
SIGMA A7) ; Waters 1525 B AH (15X (£
REIEA ] ) 5 BioTek Synergy2 £ IIRERGFRY (3
[ BioTek 23 ) ) ; Centrifuge 5920 R K i & =0 &
DML ({5 eppendorf) ; Beckman J-301 i i # 3
0L (f5]E Beckman ).

2 HEEER
2.1 BT RIUH A

BCEAE T 2580 K 50 g, BN 50% 2
750 mL, Jn#E R 2 YK, FFR 180 min, &
FRRIUR, WURWAE TS, TESR
H23.02%. TE B, BSe, HKERZE
50 mL, il BOR T B E N 0.1 g e mL ' /Y
LA THREGR M. BT UK, 4°CRH.

22 WEMRH L

il 7 1% i 20 %3 (0.4 mL i3 20 5 40
mL0.9% MW E AN RIR ST, 0.22 um GLFLUER
TERRTE, ). K204 o B R R T
R RS IR b, F30°CHi % 7do WS mL
TCHE 1% iR 20 R, 1wk T V% 2 1 1Y B 22 F
i, BOPRIRCE TR An TP TS I 5], ki
FH AL 20 BT BB e 28, R H R A 8 X10°
cfusmL ™ 'o MRIEHTHIOIGT, K HA R IR 4 0
SACHL T MU b A
23 HEEEREENE
231 XPEZH 135 pL 20 BmEE (200 BRI
TR0 1X10° cfu) 5 2 mL VPGSR 5L4E 30 °C
TR 7 ds
2.3.2 AbHEAH R ERAEHL T HREUY VD R RS IR
55 HUAR BN [ BT MR B, 29l R 12,500, 6.250
3.125, 1.563, 0.781 mg * mL ™', 43 %W B | ik
AN TR 5 v B AR IO A 2 mL B FIRAE, A
135 uL 2L B Bt pe (RPGRAE v 21 68 B A 14k
S 1X10° cfu) 78 30 C FH59% 7 do
233 HEAHlIE AL B4R 1.5 mL iy
HEOET, TE4CTITHINZEE (3.5%) [E%E 2 he
PR EVIRA 4 CHY 1% BERIET P 2 h, LN
Ko FRETI R AFRAR G, S R mE Ay
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BT, BTSSR,

FEXTREZA rf, 21 €0 E J8E TRT 1Y 210 B R 10 248 i e
SERH TG (W 1a). 0.781 mg » mL™ ' 484¢
TSR AL BRI 2T (BB B, PR AN A R AR
JEABE AL AN, A o B AR e (DL 1b). 7
e E o 1.563 mgemL ™ ' F13.125 mgemL ™~ ' i,
1] e ot 35 o B o 2 6 b B A AR T BE s,
i L B R 2 4, U HR AR T TR B R
3.25mg e mL” "B (WL 1c M 1d), 245 &
WeJE M 6.250 mg » mL~ ' I, Z1 (% T 0 B A 40 i
REMGZY, ZNAAEAEAn . WY, TR T L2
PR ZE R, LA S B R A i g 454 . Faie
W R 12.500 mg « mL~ B, 4UERERE S, 4
PSR As | Bk, AL LTSS g . TER,
o FL % R AR s A TR AN N Ah . TR R
7 0.781 ~ 12.500 mg » mL~ ' I}, LE4EHh T HEHL
Vb1 66 B o VR IR R An i 2544,
AR 0 . A T b . 2SIk AE, i
L FEUM IR

BT R[] BE (0 S T S A 35 21 8 B 1B 28

Fig 1 Morphology of Trichopyhton rubrum treated with different
concentrations of the extract of Viola yedoensis Makino

a. X} I8 (control group ) ; b. 0.781 mg * mL ~ ' 41 (0.781 mg * mL '
group); c. 1.563mg * mL ' 4 (1.563 mg * mL ' group); d.3.125
mgemL ' 4 (3.125 mgemL "' group ) ; e. 6.250 mgemL ' 4 (6.250
mg e mL 'group); f 12500 mg s mL ' £ (12.500 mg * mL '
group ) ; ;1 um (scale: 1 pum),

24 St

FIFH GraphPad Prism 5.0 #F3EF 78R 4347
ZH 18] e Student ¢ K65, P < 0.05 WESFH
Geitera X,
2.5 HPLC Ml & % /A & B ey ok g 12
251 {435 DIAMONSIL-CI18 f4it: (4.6
mm X250 mm, 5 um); HEEZEREVRG, Wk 1
mL *min_ '; FE: 30°C; KiK. 282 nm;
SR . 24 min; PEREE . 20 uL.
252 FESLEIAE  BREIRAE RIS AEH T SRR
W AR BRZE (1,563, 3.125. 6.250 mgemL ')
B 2166 T A R B 7E 30 °C R 2 h, H PBS U
%, 110000t min ' IR S E O 10

min, KR LIER. WERBGERE (0.1 g) B2
BRI, J7E 80 'C R 5 24kHIE 4 90 min,
FRANIN 15 mL FA&AE, 7E 60 CRIFH I & 54k
THE . KR AW U, SR S SO ik
W 22 F1 FS B TR
253 ik

O LMERR: FEEFREEE S B IR 5 3.08
mg, FAFEEZRZ 100 mL RN, 535 0.0308
mg » mL~ ' {32 A S B I SRR, R RS
F) o 2 JE A 0.0154, 0.0077. 0.003 85, 0.001
925 mg » mL™ ' BYIAE W, LA R R A R AR AR,
WETH RO AL AR A i £ . AR IR RE Y =
2X10°X — 2.824X10%, R* = 0.9996, % W] ff
#§ B2 7E 0.001 925 ~ 0.0308 mg * mL ™' N 5 I [
PR R R, MR E A 16.922
min, fAREE LA 2,

2 ZAfE HPLC 3%

Fig2 HPLC chromatogram of ergosterol

A X HR i (control ) 5 B. XT HR 41 (control group ) ; C. 4546 4th T #&
BUR AL R4 (extract group of Viola yedoensis Makino ) ; 1. 1 f§ B5
(‘ergosterol )

@ FaE M. RS W IBOBT B R B Ol 3.125
mg e mL ' BIRESRIFI, fEO0~ 12hNERE2h
PERE 20 pL, GCsRUEIR AR, AN S B RSD
{60 1.6%, FUMMLHRRTE 12 h NRETER ST

B KGR KN 20 pL 27 £ £ Bt
VW, JESEHERE 5 UK, A5 04 T ALY RSD (N
1.0%, RUMARTHIE RAF

@ \EE M. Hil & 2527 TR R E N
3.125mg e mL™ " RES AL S 4, 22517 TR (@4
TEARAFHEATINGE , BT AR RSD AN 1.5%,
Ty Em I AT

& IAE IR RS ARIR “2.5.27 BT X 1
22 6 iy, BY 0.15 g, FIRTEINAZLE fA B2
XL 0.18 pg, MAFRERIFESL T, FEATRE S
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o, 2507 TR @Ak RAFHEATINE . S5 R A
£§§ B 24 [0 % 96.64%, RSD K 1.6%, 3
HIZ T R i R A
2.54 SBT3 Y0 AL B A T A
HMBEa M sZm 5T MAMt, S£EmT
Aib P 2 2T 00,6 TR T 2 A S T A R R T PRI
(P <<0.05), fEAMBRZE T, R ELH 1022 A 154 0
P e R TR, A (P <0.05)(IL
£ ). LIERIBITE LI, 226 g i 5 5
P20 S 0 S o AR R DA G, I R A S B
WL M PR, I A S S R R
TR E R s 1, AP ai Rk
W, SAE T HRIBCYBERS Il 22 f 1 BE B &
W, JFAE 1.56 ~ 6.25 mg « mL~ ' PN LA 1 4K #i
PERY 7 25 | R 43
R1 AEEBETEREENEE (cts, n=73)
Tab 1 Ergosterol content in Trichopyhton rubrum (x*s, n = 3)

207 45/ (pgeul™")

poyiiE:El (0.0082+8.6352) X 10~ °
S TR R (0.0038+5.3489) X 10~
S Tk A (0.0032+6.6806) X 10~
S Tk A (0.00234+2.3845) X 10~ "~

TE (Note): FAf R LA, P <0.05; 5% EH LA,
P <0.05; SHkIE4IE, © P < 0.05 ( Compared with the control
group, P < 0.05; compared with the low dose group, “P << 0.05) ;
compared with the medium-dose group, “P < 0.05).

K3 SEAEH T BIBUIRT 3 A IS Y 5

2.6 B E A

16 30 CHIVP G R I 3R 7 d Je, BOW IR
AR T HRBORAE (1.563 mg » mL™ '),
(3.125mg * mL™ ") FlE (6.250 mg » mL™ ') it
W 21t B R BRI W (10 mL ), fili 7
G E & IR E AL . B-1, 3-D- B A R
fitk . BEFARR M SBE A RE M SR UL B A, &
23R,

Xt IR L, R T AR I PR AL BT
PEEZFREZE (P> 005 WHE3a), [Hi, &7
W I E LB TS PE R N (P < 0.05),
LI B B-1, 3-D- 8 RMEE B IE A S
TR b A rh o S R AL, DR S R A
(P <001, WK 3b), A, SXFRRAMEL, %
FEH T FEECY) A BRZH 2T 06 % A HH 3% FR I S 1Y)
T B AT (P < 0.05, P <001, LKl 3c).
3 W54t

Bifi 5 L PR SR B R AE T, ELER E ™

SRR T AT A 6 RN, 7 L B g
YU 25 BT 25 P g, AATE 4 H iR
AR IR AR, KF . BEMWITEREZY . %
AEHL TR Ry /D85 B A5 FH B — a7 <
2kt (HHAEFVURLE R AL s RuEi
LEH T R EUE 0.781 ~ 12500 mg e mL ™' F
X BRE A EA IS . RKER . B

Fig3 Effect of extract of Viola yedoensis Makino on the activity of three enzymes
a. RIS E LA (squalene epoxidase ) 5 b.S-1, 3-D-FRBEATHT (B-1, 3-D-glucan synthase ) ; c. BEFARRI EUBFAYTGPE (succinic dehydrogenase )
I (Note) : S¥FIBZAILA:, "P << 0.05, "P < 0.01 ( Compared with the control group, P < 0.05, “P < 0.01),

LI, A TPl DL e i B A (a
S AT 110 AT AR R0 B, S 350l i ol i — B K 4y
THB . B, LT HEHWa] LUmE /e
WAL . -1, 3-D- S BHA BB FAIR I &
AR T, DT 5 B € 6 0 1 200 R 55 2 £ £
W) A BRSSOk M R IF oY R, PUELE 2y
YR A R 32 BT ) A B h 2 5 2 A
5 B B0 T M, GBI A R HE 2R 2R U
T L 28 25 e 1k BELUBT £ % 0 21 S AL i 1 2R S AL
JLNE, HE I 2 A S EE AR 1

A S BER A B K DU S IR, 1 BTE
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KEENHERDR

F@e, P, REL, WA, BB CRRIhEREs I M55 50 f 5%
/ST T2 SRR TR T T 4SS 5 S VT P B 25 K24 2520, TR 150040)

WE: B SR RAHEZGNF R, ik KA., ODS. Sephadex LH-20 % 4 &, %
VAR %7 HPLC & X 1 2 70% LR BUR 3474 & 464k, i5 A HR-ESI-MS #= NMR 4 % #
HIEFFT RS EMEITLER, GR O MARBEPHEFLELT 104MLEH, 23 A
cis-coniferin (1), coniferin (2), methylconiferin (3), icarisides F2 (4), 3-methylbutan-1-ol 3-D-
glucopyranoside (5), n-hexyl O8-D-glucopyranoside (6 ), apigenin-7-O-neohesperidoside (7 ),
kaempferol 3-O-rutinoside (8), pinoresinol-4-O-8-D-glucoside (9), pinoresinol (10), ZEif 1L
w1~ 8 AHRARGEAMY T &EFE, L FREMT. 8318 % 425469 BV-2 ffie
09 KE B B R AR

KR : R Z; LFEmY; BH; F8; KIEFX
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Chemical constituents of Arisaema erubescens ( Wall. ) Schott

LUO Yu-meng, SUN Yan-ping, LI Guan-lan, YANG Bing-you, KUANG Hai-xue" (Key Laboratory of
Basic Research and Application of Northern Medicine, Heilongjiang University of Chinese Medicine,
Ministry of Education, Heilongjiang University of Chinese Medicine, Harbin 150040)

Abstract: Objective To determine the chemical constituents from Arisaema erubescens (Wall.)
Schott. Methods Silica gel, ODS, Sephadex LH-20 column chromatography and preparative HPLC
were used to separate and purify the 70% ethanol extract of Arisaema ammrense ( Wall. ) Schott.
HR-ESI-MS, NMR and other spectroscopic methods were used to identify the structure of the
compounds. Results Ten compounds were obtained from Arisaema amurense ( Wall. ) Schott and
identified as cis-coniferin (1), coniferin (2), methylconiferin (3), icarisides F2 (4), 3-methylbutan-1-
ol S-D-glucopyranoside (5), n-hexyl O-f-D-glucopyranoside (6), apigenin-7-O-neohesperidoside (7),
kaempferol 3-O-rutinoside (8), pinoresinol-4-O-f-D-glucoside (9), and pinoresinol (10). Conclusion
Compounds 1 ~ 8 have been isolated from Araceae for the first time. Compounds 7 and 8 can inhibit
lipopolysaccharide induced inflammation in BV-2 microglial cells.

Key words: Arisaema erubescens ( Wall. ) Schott; chemical constituent; glycoside; flavonoid; lignan

2y K2 Arisaema Rhizoma WREERIKR  MAGH 2y U B FHRIIETERS, ASCHKr
AR B Y K R Arisaema erubescens (Wall.) & 70% LEEAREWHEAT T 2GS 058, M3
Schott, M KE§ A A.heterophyllum BL 8RR FF4EE T 10 MEEH (B ILIE 1), 46 61~
M & A.amurense Maxim. i T 8 25, R, BEHIMEGY, 2 08EIRMEY, 2 DARIRERZE
o, PRI, RIERERIEYE . ERURE ., BESE AW, 25N cis-coniferin (1), coniferin (2),
HEWH: HEPEAGEIHPEER SO0 AT AA TRE— S TRE SRR WE (i B2 AZE © 2021 )
75 s ER P ELE R R R SR T U7 A TR (TR ) %38 S H (i Rl 25 A 200K € 2018 0 284 %5) 5
2002 4E ARG LB E IR TR AT (. RIS AR (2022175 ) s 45 LA FE B2 4 5 2 R 290 AR T AR
H (Fi'5: EHBE AR (2022)76 5) 5 BIRILAE “SME” BIBASAFE (S5 . BBIETLA A T3/ MA SO € 2019 0 5%5),
EH BN PWH, o, WHarsed, FENE R TR b 25 25 EA TS, email: 909693919@qq.com  E{E1EE: [E
M, U3, Bz, WL RN, EREN S 2GR TR R AN T 2 2 B I SY . email: hxkuang@hljucm.net
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methylconiferin (3 ), icarisides F2 (4), 3-meth-
ylbutan-1-ol B-D-glucopyranoside ( 5), n-hexyl
O-B-D-glucopyranoside (6 ), apigenin-7-O-neohes-
peridoside (7 ), kaempferol 3-O-rutinoside (8 ),
pinoresinol-4-O-B-D-glucoside (9 ), pinoresinol
(10), HAPLAEY 1 ~ 8 IE MK LR
e El, BHGEWT .,

E1 AbE 1~ 10 451

Fig1 Structures of compounds 1 ~ 10

1 #r#

Jie ¥ 75 % AL (EYELA 23 H] ) 5 AV-600 24 i
SRR (Bruker A F]) ; Q-TOF (ESI)
T HEBIEAY ((Waters 23\ ) 5 il 2 7 5 50 AH €2
i (B s 8 m RO €35 (Waters 2
A)) s fERIESRA (CEFEBCAAE]) 5 Sunfire 2
il iER: (10 mm X250 mm, 5 pum, Waters ) ;
Sephadex LH-20 ( GE Healthcare 24 7] ) ; = #H
ODS (YMC AH]) ; A (200 ~ 300 H,
80 ~ 100 H ) ; w2 A3l (75 B T ) 5
G PR (BRTCAR]) 5 FEREIH LR (BHak
AT s NRZME (LPS, SReEY)) ; BV-2 4l
TR (FETE). —F A (NO) il
Mg CAn R, Hapid4 o irat,

K B 258 T 2021 4F 6 H RIK T L BIA =
M, 2 IR B 28 K2 24 2 Bt o i N AR
E N KE AR Arisaema erubescens (Wall. ) Schott. .
JFAE bR AT (20210821) PRAFTRRIBILHEE 25K
eI E
2 Hik
21 REBE52#

K B2 20 kg (THE), LA 70% SR

A, AP E 3 Yk, BER 2 h, UE g
F, REAEFHEE 1.4 kg, BHEEW 5k 4]
RE, RHACR CER XK IE T BRI A T4
I, IR A3 2 AR UR A B e 4 2R BRI
PREIE T ARG AR T 400 g0 B 300 g IET
M 2R 2 IE AR CHE i b A 7o s, DA
St - I (50 00— 0 : 1) RGNS TR
VEME, ZRRERCH)Z SR, A T AR RIBE S A I
iy, &858 6 N5 B Fr. A ~ Fr. F, Fr. B%
ODS e, fEcA: ik LS i 45 74 HPLC 435
A1 (46mg). 2 (3.0mg). 4 (3.5mg).
10 (3.8 mg). Fr. EZ: ODS k:faiit, BERH: (o ik
DL K ifil £ 79 HPLC 4 #5154k 59 3 (3.0 mg). 5
(55mg). 6 (52mg). Fr. F&RENRHEGIY, %
JE A £33 DL K2 il 45 780 HPLC 43 55784k 59 7 (2.5
mg). 8(5.6mg). 9(3.0mg).

22 (e E L%

I H 2 (DMSO) &tk & &
50mmol « L', F —20CHEAF 4 H, 5280
DMEM B35 WM Be 2 100 umol » L™ ', BV-2 4HifiZ:
0.25% REHEEE, EETEaREY, U
1X10° 4~ » mL ™" 4l (4541 100 pL) $EFT 96 4L
B, BT 37°C. 5% CO, [HRIEFRA NI 24 h )5
e BLTC MG T B SR, [RIR e Tl ab 3, 15
2N R, PRSI A AR 25 in A LPS (1
ngemL '), BEFLIOWL. 4kLE 8 3E 2405,
FLHL 50 pL Y55 50 uL Greiss i), =i [ b 15
min, ZEIRZN 15 min, JE FIHEF NO 5 &
3 &8
31 HZMLE

k& 1. H @8 K, HR-ESI-MS m/z:
343.1386 [M + H] © (i % {} 343.1388), ¢ T
& H C,(H,,04. 'H-NMR (CD,OD, 600 MHz)
5: 7.13 (1H, d, J = 8.3 Hz, H-2), 6.89 (1H,
d, J=17Hz, H-5), 6.77 (1H, dd, J = 8.3,
1.7 Hz, H-6), 6.48 (1H, d, J = 12.0, 6.4 Hz,
H-7), 5.77 (1H, dt, J = 12.0, 6.4 Hz, H-8),
433 (2H, dd, J = 6.4, 1.6 Hz, H-9), 4.90
(1H, J=7.4Hz, H-1'), 3.49 (1H, m, H-2"),
3.40 (1H, m, H-3'), 3.40 (1H, m, H-4"),
3.49 (1H, m, H-5'), 3.86 (1H, m, H-6'a),
3.68 (1H, m, H-6'b), 3.86 (3H, s, 3-OCH,).
B“C-NMR (CD,0OD, 150 MHz) &: 1332 (C-1),
117.6 (C-2), 150.5 (C-3), 147.3 (C-4), 114.4
(C-5), 1229 (C-6), 131.1 (C-7), 131.9 (C-
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8), 59.9 (C-9), 102.7 (C-1'), 749 (C-2'),
783 (C-3'), 71.4 (C-4'), 779 (C-5'), 62.5 (C-
6'), 56.8 (3-OCH;). LA I"##i-5 SCilikifin ¥ A
—3, BMUEENEWY) 1 N cis-coniferin,

b & %2 A @k K, HR-ESI-MS m/z:
343.1386 [M + H] " (i155.18 343.1388), 2T
4 C,H,,05c 'H-NMR ( CD,OD, 600 MHz) &:
423 (2H, d, J=5.6Hz, H-1), 6.27 (1H, td,
J=6.0, 15.8Hz, H-2), 6.54 (1H, d, J=15.8
Hz, H-3), 7.09 (1H, d, J = 2.0 Hz, H-2"),
7.10 (1H, d, J= 8.3 Hz, H-5'), 6.94 (1H, dd,
J =20, 83Hz, H-6'), 489 (1H, d, J = 7.1
Hz, H-1"), 3.50 (1H, m, H-2"), 3.48 (1H,
m, H-3"), 3.40 (1H, m, H-4"), 3.45 ( 1H,
m, H-5"), 3.86 (1H, m, H-6"a), 3.68 ( 1H,
m, H-6"b), 3.87 (3H, s, H-OCH,)., "C-NMR
(CD,0OD, 150 MHz) 6: 63.7 (C-1), 128.9
(C-2), 1313 (C-3), 133.7 (C-1'), 111.4 (C-
2'), 1509 (C-3'), 147.7 (C-4'), 118.0 (C-5'),
120.8 (C-6'), 102.8 (C-1"), 74.9 (C-2"), 77.9
(C-3"), 71.4 (C-4"), 782 (C-5"), 62.5 (C-
6"), 56.7 (3-OCH;). LA %5 SClikfiaE & A
—3, WEEEEY) 2 M coniferin,

£ & 3. A @k K, HR-ESI-MS m/z:
357.1546 [M + H] " (31518 357.1544), 5 F
4 C;H,,05. 'H-NMR ( CD,OD, 600 MHz) &:
7.10 (1H, d, J = 8.3 Hz, H-2), 7.08 (1H, d,
J =18Hz, H-5), 697 (1H, dd, J =83, 1.8
Hz, H-6), 6.58 (1H, d, J = 16.0 Hz, H-1"),
6.22 (1H, d, J = 16.0 Hz, H-2'), 4.06 ( 1H,
dd, J =62, 1.3 Hz, H-3'), 489 (1H, d, J=
74Hz, H-1"), 3.48 (1H, m, H-2"), 3.45 (1H,
m, H-3"), 3.35 (1H, m, H-4"), 3.35 ( 1H,
m, H-5"), 3.86 (1H, m, H-6"a), 3.68 ( 1H,
m, H-6"b), 3.88 (3H, s, 2-OCH,), 3.37 (3H,
s, 3'-OCH; )., “"C-NMR (CD,0D, 150 MHz) §:
1333 (C-1), 111.4 (C-2), 1509 (C-3), 147.8
(C-4), 1179 (C-5), 1209 (C-6), 133.6 (C-
1'), 125.6 (C-2'), 749 (C-3'), 102.7 (C-1"),
749 (C-2"), 77.9 (C-3"), 71.3 (C-4"), 78.2
(C-5"), 62.5(C-6"), 56.7 (2-OCH,), 58.1 (3'-
OCH;). VU IHd 5 Sk ™ AR —2, Hk
EALEY) 3 SN methylconiferin,

& %a: B A K K, HR-ESI-MS m/z:
403.1596 [M + H] ~ (315 {H 403.1599), 2T

2820

5 CsHy0,00 'H-NMR (CD,OD, 600 MHz) §:
7.24 ~ 7.43 (5H, m, H-2 ~ H-6), 4.89 ( 1H,
d, J=12.0Hz, H-7a), 4.65 (1H, d, J=12.0
Hz, H-7b), 432 (1H, d, J = 7.8 Hz, H-1'),
3.49 (1H, m, H-2'), 3.40 (1H, m, H-3'), 3.40
(1H, m, H-4'), 3.49 (1H, m, H-5"), 3.86
(1H, m, H-6'a), 3.68 (1H, m, H-6'b), 5.04
(1H, d, J = 2.5 Hz, H-1"), 4.81 (1H, m,
H-2"), 433 (1H, d, J = 9.5 Hz, H-4"a), 4.65
(1H, d, J = 9.5 Hz, H-4"b), 4.20 (2H, s,
H-5"). “"C-NMR (CD,0D, 150 MHz) &: 139.0
(C-1), 1293 (C-2), 128.7 (C-3), 1282 (C-
4), 128.7 (C-5), 1293 (C-6), 71.2 (C-7),
103.2 (C-1'), 75.0 (C-2'), 78.1 (C-3'), 71.8
(C-4'), 77.0 (C-5'), 68.7 (C-6'), 111.1 (C-
1"), 78.1 (C-2"), 80.6 (C-3"), 75.0 (C-4"),
65.6 (C-5"). DL % 5 Scikaan 7 A —2,
WA 4 O icarisides F2,,

b & Y5 H @K K, HR-ESI-MS m/z:
251.1488 [M + H] * (1% 251.1490), 4r F
4 C,H,,0,. 'H-NMR ( CD,0D, 600 MHz ) 5:3.66
(1H, m, H-la), 3.94 (1H, m, H-1b), 1.51
(2H, dd, J=17.0, 7.0Hz, H-2), 1.74 (1H, m,
H-3), 092 (6H, s, CH,;), 424 (1H, d, J =
7.9 Hz, H-1'), 3.15 (1H, m, H-2'), 3.33 (1H,
m, H-3'), 3.33 (1H, m, H-4'), 3.55 (1H, m,
H-5'), 3.86 (1H, m, H-6'a), 3.68 ( 1H, m,
H-6'b ). “C-NMR ( CD,OD, 150 MHz) &: 69.3
(C-1), 39.7 (C-2), 26.1 (C-3), 23.0 (C-4),
23.1(C-5), 1044 (C-1"), 752 (C-2"), 782 (C-
3"), 71.7(C-4"), 78.0 (C-5"), 62.8 (C-6"). LA
RS SRR A P A -, R E A S
A 3-methylbutan-1-ol 8-D-glucopyranoside

£ & We: M ¥ K, HR-ESI-MS m/z:
265.1648 [M + H] © (31554 265.1646), 43T N
C,,H,,0,. 'H-NMR (CD,0D, 600 MHz) J: 3.53
(1H, dt, J =288, 68 Hz, H-la), 3.88 (1H, dt,
J=288, 68Hz, H-1b), 1.61 2H, m, H-2), 1.38
(2H, m, H-3), 133 (2H, m, H-4), 1.34 (2H,
m, H-5), 0.90 (3H, t, J = 6.7Hz, H-6), 423
(1H, d, J=7.8Hz, H-1'), 3.15(1H, m, H-2'),
325 (1H, m, H-3'), 3.33 (1H, m, H4'), 3.52
(1H, m, H-5'), 3.87 (1H, m, H-6'a), 3.65 (1H,
m, H-6b). "C-NMR (CD,0D, 150 MHz) &: 70.9
(C-1), 308 (C-2), 268 (C-3), 329 (C4), 23.7
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(C-5), 144 (C-6), 1044 (C-1'), 75.1 (C-2"),
78.1 (C-3'), 71.7 (C-4"), 77.9 (C-5'), 62.8 (C-
6')o LA HE S ScikiRaE P A —, s RS
¥ 6 "N n-hexyl O-B-D-glucopyranoside.

& %7 A @k K, HR-ESI-MS m/z:
579.1700 [M + H] " (3158 579.1709), 2+ F X
4 CyHy0,,0 'H-NMR (CD,OD, 600 MHz) §:
6.67 (1H, s, H-3), 645 (1H, d, J = 1.6 Hz,
H-6), 6.78 (1H, d, J = 1.6 Hz, H-8), 7.88
(2H, d, J = 8.5Hz, H-2', 6'), 692 (2H, d,
J = 85Hz, H-3', 5'), 519 (1H, d, J = 7.6
Hz, H-1"), 3.48 (1H, m, H-2"), 3.45 ( 1H,
m, H-3"), 3.35 (1H, m, H-4"), 3.35 (1H, m,
H-5"), 3.86 (1H, m, H-6"a), 3.68 (1H, m,
H-6"b), 5.28 (1H, brs, H-1"), 3.34-3.94 ( 5H,
m, H-2" ~ H-6"), 1.32 (2H, d, J = 6.2 Hz,
H-6"). “"C-NMR (CD,0D, 150 MHz) §: 164.3
(C-2), 102.6 (C-3), 184.1 (C-4), 161.4 (C-
5), 99.8 (C-6), 163.0 (C-7), 96.0 (C-8), 159.0
(C-9), 1042 (C-10), 123.1 (C-1'), 129.7 (C-
2'), 117.1 (C-3'), 161.4 (C-4'), 117.1 (C-5"),
129.7 (C-6'), 101.0 (C-1"), 79.1 (C-2"), 79.0
(C-3"), 71.4 (C-4"), 783 (C-5"), 62.4 (C-
6"), 102.6 (C-1"), 722 (C-2"), 72.1 (C-3"),
74.0 (C-4"), 70.0 (C-5"), 183 (C-6"). I I
Bt 5 Scmk R aE U AR, WS A T R
apigenin-7-O-neohesperidoside .

k& %8: M @K K, HR-ESI-MS m/z:
595.1659 [M + H] " (3145518 595.1658), 2T
5 CyH30,,0 'H-NMR ( CD,0D, 600 MHz) §:
621 (1H, d, J = 1.6 Hz, H-6), 6.41 (1H, d,
J = 1.6 Hz, H-8), 8.05 (2H, d, J = 8.8 Hz,
H-2', 6'), 6.88 (2H, d, J = 8.8 Hz, H-3', 5'),
512 (1H, d, J = 7.4 Hz, H-1"), 3.51 (1H,
m, H-2"), 3.45 (1H, m, H-3"), 3.35 ( 1H,
m, H-4"), 335 (1H, m, H-5"), 3.79 ( 1H,
m, H-6"a), 3.62 (1H, m, H-6"b), 4.50 ( IH,
brs, H-1") 3.34-3.94 (5H, m, H-2" ~ H-6"),
1.11 (2H, d, J = 6.2 Hz, H-6"). "C-NMR
(CD,0D, 150 MHz) §: 159.5 (C-2), 135.5 (C-
3), 179.5 (C-4), 163.1 (C-5), 100.0 (C-6),
166.1 (C-7), 94.9 (C-8), 158.6 (C-9), 105.7
(C-10), 1228 (C-1'), 1324 (C-2'), 1162 (C-
3'), 161.5 (C-4"), 1162 (C-5'), 132.4 (C-6'),
104.6 (C-1"), 75.8 (C-2"), 78.2 (C-3"), 72.3

(C-4"), 773 (C-5"), 68.6 (C-6"), 102.5 (C-
"), 71.5 (C-2"), 72.1 (C-3"), 73.9 (C-4"),
69.8 (C-5"), 17.9 (C-6"), LI %45 SCHkR
IR — 8, Mk 2 kAW 8 4 kaempferol
3-O-rutinoside,

£ & %W9: H @ ¥ K, HR-ESI-MS m/z:
521.2022 [M + H] © (it %4 { 521.2018), 43¢ T
A HC,Hy,0,. 'H-NMR (CD,0OD, 600 MHz)
d: 697 (1H, d, J = 1.6 Hz, H-2), 7.13 (1H,
d, J = 84Hz, H-5), 691 (1H, dd, J = 8.4,
1.6 Hz, H-6), 4.68 (1H, d, J = 4.0 Hz, H-7),
3.03 (1H, m, H-8), 4.16 (1H, m, H-9a), 3.78
(1H, m, H-9b), 6.92 (1H, d, J = 1.6 Hz,
H-2'), 6.76 (1H, d, J = 8.4 Hz, H-5'), 6.78
(1H, dd, J=8.4, 1.6Hz, H-6'), 4.64 (1H, d,
J = 4.0Hz, H-7'), 3.03 (1H, m, H-8'), 4.16
(1H, m, H-9'a), 3.78 (1H, m, H-9b), 3.87
(1H, d, J = 7.8 Hz, H-1"), 3.15 (1H, m,
H-2"), 3.25 (1H, m, H-3"), 3.33 (1H, m,
H-4"), 3.52 (1H, m, H-5"), 3.85 (1H, m,
H-6"a), 3.65 (1H, m, H-6"b), 3.80 (6H, s,
3, 3-OCH,). "C-NMR (CD,0D, 150 MHz) §:
137.5 (C-1), 111.7 (C-2), 1473 (C-3), 149.2
(C-4), 1179 (C-5), 119.9 (C-6), 87.1 (C-7),
554 (C-8), 72.8 (C-9), 133.9 (C-1'), 111.2
(C-2'), 1475 (C-3'), 150.9 (C-4'), 1163 (C-
5'), 120.2 (C-6'), 87.4 (C-7"), 555 (C-8'),
72.8 (C-9'), 102.8 (C-1"), 75.0 (C-2"), 77.9
(C-3"), 71.4 (C-4"), 782 (C-5"), 62.7 (C-
6"), 57.0 (3-OCH,), 56.7 (3-OCH,). VI ¥
53wk AR 8, AN
pinoresinol-4-0O-f-D-glucoside

& W10: H A H K, HR-ESI-MS m/z:
359.1486 [M + H] " (3}44 {8 359.1490), 43 F X
4 CyH,,040 'H-NMR ( CD,OD, 600 MHz) &:
6.97 (1H, d, J = 1.8 Hz, H-2), 6.78 (1H, d,
J =8.1Hz, H-5), 683 (1H, dd, J = 8.1, 1.8
Hz, H-6), 473 (1H, d, J=44Hz, H-7), 3.11
(1H, m, H-8), 425 (1H, dd, J=9.0, 6.8 Hz,
H-9a), 3.81 (1H, dd, J = 9.0, 3.6 Hz, H-9b),
697 (1H, d, J = 1.8 Hz, H-2'), 6.78 (1H, d,
J = 8.1Hz, H-5'), 683 (1H, dd, J = 8.1, 1.8
Hz, H-6'), 4.73 (1H, d, J = 4.4 Hz, H-7'),
3.11 (1H, m, H-8'), 4.25 (1H, dd, J = 9.0,
6.8 Hz, H-9a), 3.81 (1H, dd, J=9.0, 3.6 Hz,
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H-9'b ), 3.88 (6H, s, 3, 3'-OCH,). “"C-NMR
(CD,0OD, 150 MHz) &: 133.8 (C-1), 111.0
(C-2), 149.1 (C-3), 1473 (C-4), 116.1 (C-
5), 120.1 (C-6), 87.5 (C-7), 55.4 (C-8), 72.6
(C-9), 133.8 (C-1'), 111.0 (C-2'), 149.1 (C-
3'), 1473 (C-4'), 116.1 (C-5'), 120.1 (C-6'),
87.5 (C-7'), 554 (C-8), 72.6 (C-9'), 56.4 (3-
OCH,), 56.4 (3-OCH,). DI %5 ki
FAR—3, S E LAY 10 24 pinoresinol,
3.2 fhAaMEmEENRER

K LPS 75 5 BV-2 /)N i ot 41 g 4% i A% Y
i 1 Griess 1255 A I 40 1 95 TR AE H - NO
W, AW AR A A X LPS i S BV-2 4
i A RE R FE BLAE . 10 NMEGPIELHE N 10
pmol « L~ ' B X LPS 7% 5 1 BV-2 4l Jitd 1) 4% JiE
RV HEAF IR, SR 2 frs, REAEA Y
7. 8 Il LPS i S () BV-2 4 g 7= A4 1) NO 1Y
AR (76.542.93) %, (72.33+2.73) %
(P<<0.01), #&ntbEM 7. 8 BA —EmHiR
T

B2 L&A LPS V5519 BV-2 A & A 5 NO 19521
Fig 2 Effect of compounds on No induced by LPS in BV-2 microglial
cells
T G EA AL, P < 0.05; 5 LPSAIL#, P <001,
Note: Compared with the control group, "P < 0.05; compared
with the LPS group, ~P < 0.01.

4 itig

AWFFERT KA 70% L BEHE Y 0 1E T 1
Rt RGOy e, AR R 10 M-S
Y, G456 > bE 25k & W) cis-coniferin (1),
coniferin (2 ). methylconiferin (3 ). icarisides F2
(4). 3-methylbutan-1-ol 3-D-glucopyranoside (5) .
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H b &1 ~ 8 i N K B RHEY) 432
3l LG 7. 8 RSN LPS 5500 BV-2 41
L= A2 B NO B AE e AR SCilE— 20 F s 1 R A
YA, R ATZ IR K e 5 A 255500 ot
SERl, AR 25 IR AR 1A

SEXM
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A, AN, FAE, wRA, TR, RS, EMMA', 848", Lok QRhEdk
FLORHE 3016175 2 RHEPERZIAEE M EEBE, KE: 301617; 3. RKHZ-HAWARAF, KE#: 300385)

WE: B Aok x5 P EAR (PSD) #9877 80k, SFATHAHREFLR R
AR EE el X EERRZ, ik AA MCAO £ 42 MAR T M4 ik F B A H KK
PSD B!, SEEX EMRF K40 (SHAM 48), #EA140 (PSD4R), s ftigiik & (XFH, 2.16
gekg '), 1& (XFL, 043g-kg ') #1 &4, AET (FLU, 0.0018g kg ') 41, % SHAM
040 PSD 20N A B AFAF BG4 th, #£4:28d, ARAAYZITHFES . BARBFER. U
P FW, RAHFRERE, HE £ &R RKF Kb ir R 58 £ 56 PSD 69 25 2 AE A, Al ML
BER R T IRAT L XBEERRT; ATHAERESR, # A FITC ARt 6) H R4 W id 5 F
HE # &,3% KI5k fo i 32 5% 3 09 B [E 2 4509 %5765 F) ) Western blot 3% R 2 58 o fF 3% 8 ik
EANRKREMBAL IR E R EEEEG 1 (Z0-1), B%:%4#%8 (Occludin), B%EH%EG 1
(claudin-1) &Lkt ¥, R B FERET, 5 SHAM 2848k, PSD 2B K RAY 2474 %
FHoREHG, BRRTFE, AZFHRFZERK, RSN EFEK, AL T@HE R
farZ B 4. 5 PSD 4a4Rkt, XFL 4048 X kB F K&, AV RAITHFF 0 REEIK, HBRABIT
EOAZEHRAER I, BRAFARGORFTREZRY, AEAMEKANE S, BESGRY .
M 242538 2R B, SRR ETRY L%, W4 MAPK 12 5@ %6 0E, gk Bif%
BEBEFEOUEERGE M, BTEm 5 PSDERTRRE X EMFEES A X, A A
IR Zh Hy 5 B 3F B B T oh AR b AT IR E, 2R R Y5 SHAM 204836, PSD 278 514 M B 538
I, MRBRIRFE N, RERESAEHG, B ZO-1. Occludin 5 claudin-1 & & K-F 2 %
TH; 5 PSD#aAark, XFLZAW 4 il & 2 5 Ak, MR /A M, MLt Z0-1.
Occludin #= claudin-1 #9% & R A K-F R E 75, Fi wARRKRETET LABHARER
E R G ORI B B B T A, BT K AR 6 PSDAEA .
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Effect of Xuefu Zhuyu capsules on poststroke depression based on intestinal
barrier function and related mechanism

ZHENG Shu', JIN Bo-wen', LI Dong-na', TIAN Yue-dong', WANG Yue-fei', SONG Wen’, ZHUANG
Peng-wei', HAN Juan'", SHI Jiang-wei’ (1. Tianjin University of Traditional Chinese Medicine,
Tianjin 301617; 2. First Teaching Hospital of Tianjin University of Traditional Chinese Medicine,
Tianjin 301617; 3. Tianjin Hongrentang Pharmaceutical Group Co., Ltd., Tianjin 300385)

Abstract: Objective To evaluate the effect of Xuefu Zhuyu capsules on poststroke depression (PSD), and
to verify its key pathway by experiments based on network pharmacological clues. Methods The PSD
model of rats was established by tMCAO combined with chronic unpredictable mild stress. The present
experiment included a sham group (SHAM), a model group (PSD), a Xuefu Zhuyu capsule high-dose
group (XFH, 2.16 g * kg ~ '), an XFH low-dose group (XFL, 0.43 g * kg ~ '), and a fluoxetine (FLU,
0.0018 g * kg ') group. All rats were given alcohol intragastrically for 28 days except for the SHAM

BEETH: KEWAZEEMATRIBH (No.2019KJ060 ).,

EEBR®I: HBaF, 4o, TERB, FEMNFEFRFI, email: zhengshu23@126.com BIS(EE . AL, B, ®l FATEM, 1§
o, FEE N o B 24 i B A G IR S IR PETTSY, email: rushk@163.com; #HiH, <o, ##%, WL, EEMNFIFTHEOG, email:
fangji0S@126.com
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group and the PSD group. The effect of Xuefu Zhuyu capsules on PSD was determined by neurobehavioral
tests, sugar water preference experiment, open field experiment, forced swimming experiment and HE
staining. Network pharmacology was used to explore the key element of Xuefu Zhuyu capsules in the
prevention and treatment of PSD. FITC dextran gut permeability and HE staining were used to verify
the effect of Xuefu Zhuyu capsules on the intestine barrier function. Western blot was used to verify
the effect of Xuefu Zhuyu capsules on the expression of ZO-1, Occludin and claudin-1 in the rat colon.
Results
neurobehavioral scores increased, the sugar water preference rate, the autonomous activities were much

Pharmacodynamic findings showed that as compared with the SHAM group, the PSD group’s

decreased obviously, and the immobility time of forced swimming was significantly prolonged. The
number of neuron cells was reduced, while nuclear pyknosis appeared. Compared with the PSD group,
related symptoms gradually improved in the XFL group, sugar water preference rate, autonomous
activities and the number of neuron cells significantly increased, while the immobility time of forced
swimming experiment reduced. The network pharmacology showed that Xuefu Zhuyu capsule regulated
inflammation, inhibited the activation of MAPK pathways, and up-regulated the expression of intestinal
tight junction protein to repair the intestinal barrier, suggesting that the effect of Xuefu Zhuyu capsules on
PSD might be related to the improvement in the intestinal barrier function. The animal experiment was
used to verify the intestinal barrier function. Compared with the SHAM group, the PSD group significantly
increased the intestinal permeability, pathological score, intestinal mucosa damage, and decreased the
expression levels of ZO-1, Occludin and claudin-1 in the intestinal tissue. Compared with the PSD group,
the colonic permeability and intestine damage were reduced in the XFL group, and the expression of ZO-
1, Occludin and claudin-1 in the intestinal tissue was significantly increased. Conclusion Xuefu Zhuyu
capsules may up-regulate the expression of the intestinal tight junction protein to improve the gut barrier
dysfunction caused by cerebral ischemia, which further prevents PSD.

Key words: Xuefu Zhuyu capsule; poststroke depression; intestinal barrier function; network
pharmacology; mechanism
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RIPA 2 fi#% ¥ (R0020). PMSF (P0100), BCA &
F e 70 & . HE Jea3055) & (db 5T Solarbio 24
7] ); Occludin (33-1500, 32 [ Invitrogen 2\ H] ) ;
ZO-1 (ab276131). GAPDH (abl18162). Claudinl
(ab242370 )(HE[E Abcam 2 H] ).
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F1 MAFERAEN RS PSD MIE(T HLHBM (Kts, n = 10)
Tab 1 Effect of Xuefu Zhuyu capsule on neuroethology in rats with
PSD (x£s, n = 10)

2153 BT/ 4 Y5285 28 d/ 4y
SHAM £ 0 0
PSD £ 1.67+0.5™ 1.7+£0.48™
XFL 41 1.634+0.52" 0.9+0.25"
XFH 4 1.694+0.46™ 1.25+0.46
FLU 41 1.67+0.43" 1.1+0.22°

i 5 SHAM 4L, "™"P < 0.001; 5 PSD 4L, "P < 0.05,
"p <001,

Note: Compared with the SHAM group, P << 0.001; compared
with the PSD group, “P < 0.05, “P < 0.01.

2.3.2 3% PSD REUBKfEr% A RBRAETT

A 18 tMCAO R AYHT 4 d 5 CUMS J5 %6 29 H ik
K b 1 253 R, 5 SHAM AL,
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PSD 4 K A7 7E — @ MARAERE R . 5 PSD 41 AH
Ft, XFL#H. XFH . FLU 2 Bkt i 271
E(P<0.01)(FE2),
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B @3 fm (P << 0.01), XFH4H#1 FLU 475% 3h iy
S S B ST B (P < 0.05)(LF 2).
F2 MAFRREEXZERIS PSD T HEMBM cts, n = 10)
Tab 2 Effect of Xuefu Zhuyu capsule on behaviors in rats with PSD

(xts, n=10)
15 WK A W52 SR EKANE)
R /% IR AIEE fom  ELIREL IRTA] /s
SHAM #1 78+8  73.35%12.10 20.75+4.50 122.50%22.75
PSD#l 50127 42.36%19.63"  12.5043.67191.90£10.10"
XFLAL 767" 69.00+15.93"  21.67+3.39"145.17£19.91"
XFHA 68+12" 65.00+14.38" 17.57+4.83" 139.43 +13.44"
FLUZ 72+8" 67.14+8.62" 19.004+4.16" 137.43+19.32"

TE: 5 SHAM4IMLL, “P < 0.01; 5 PSD4iMLL, P < 0.05,
#p <001,

Note: Compared with the SHAM group, ~P << 0.01; compared
with the PSD group, ‘P < 0.05, “P < 0.01.
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f CUMS J5 55 29 H gkf7omia iippk sees ', e
6 min PN R FUFE 7K A i 1 AS 3l 4 s ] DA PEA R B
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ANFhEfE A B 455 (P < 0.05, P<0.01).
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E 1 MBS PSD K BN UL (HE, X200)

Fig 1 Effect of Xuefu Zhuyu capsule on brain histopathology in PSD rats ( HE, X200)

®3 MFRRIKRENZESE PSD K EFEHETHMAIT N
xEts, n=4)
Tab 3 Effect of Xuefu Zhuyu capsule on survival neurons of PSD

rats cortex (xts, n = 4)

2151 P TCATMIEL /A~
SHAM 41 57.674£10.07
PSD 41 19.6745.03"
XFL 4 45.67+8.96"
XFH 41 3742.65
FLU 24 51+3.61"

TE: 5 SHAM4IME, P < 0.001; 5 PSD AL, “P < 0.01,
Note: Compared with the SHAM group, P < 0.001;
compared with the PSD group, “P < 0.01.
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2 MBI IEREZS ) - 1R - B T A
Fig2 Drug-compound-target network of Xuefu Zhuyu capsule

T BB RONESY, RITI ROy, RO, I 44

Note: Circular nodes are drugs, rectangular nodes are components, diamond nodes are targets, and octagonal nodes are disease names.

3 MBI BTG A T SR T TESE ALK PPI 2%

Fig3 Protein-protein interaction network of Xuefu Zhuyu capsule anti-PSD target
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PP BN 4 R, 5 SHAM 414 kL, PSD
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K4 MBI R A TSR GO Z3#T
Fig4 GO terms of the anti-PSD targets of Xuefu Zhuyu capsule

s MR BRI G A P S AR KEGG Bt T
Fig5 KEGG pathways of the anti-PSD targets of Xuefu Zhuyu capsule

*4 MAFZRRIKREX PSD KRIFESEMEMZIE (xts, n=6)
Tab 4 Effect of Xuefu Zhuyu capsule on intestinal permeability in
PSD rats (xts, n = 6)

20 531 JCRRIALIE i 2 4-kDa FITC B9k / (pgemL ")

SHAM 4H 95.504-24.62
PSD #H 190.70+£63.29"
XFL 4 98.91+42.44"

TE: 5 SHAM UM, P < 0.05; 5 PSD4lAHLL, P < 0.05,
Note: Compared with the SHAM group, P << 0.05; compared
with the PSD group, P < 0.05.

g o DIt i AT BE 2 . 45 SRRl 6 s,
SHAM £l K &5 W i B HE S K6, 25 M4 R 5
#. 5 SHAM ZHAALL, PSD 4 KB MEA ZEE
A RVEMMIRN, iS5 KIBREREIR; 5

2828

PSD iAftL, XFL 41 AR T RN IR1E
R, oG TR . IRBE S W3R 5.

Pl 6 IR 2 5% e 4% X PSD K B 45 i 2H 405 B2 1 3% i (HE,
X 400)
Fig 6 Effect of Xuefu Zhuyu capsule on colonic histopathology in PSD
rats (HE, X400)

x5 HEFBEBHALFEITS cts, n=4)
Tab5 Colonic pathological score of HE staining images (x*+s, n = 4)

31 BN /oy RVEANNEIE /oy HSPFAR /4

SHAM 41 0.63+0.25 0.8840.25 1.5+0.41
PSD #H 2540717 2.63+0.757 5.13+1.38"
XFL 41 1+041% 1.25+0.29" 2.25+0.65"

TE: 5 SHAM 4IMILL, “P < 0.01, "'P < 0.001; 5 PSD41#
e, "P<0.01,

Note: Compared with the SHAM group, “p <001, p< 0.001;
compared with the PSD group, “P < 0.01.

2.53 Xf PSD K& ZO-1, Occludin Al claudin-1
FIRWEEm AR R AT 2 S8 5 R,
PBS.OEHE L, WO HmasmH e, HaHi s
Wwg, LL4aC,. 15000r« min B0, U dE b
W, W KA B, BoRiAE 10 pL % 30 pg 5
FLRRE S IE B A PE, — 20 CIRAE, &)1, Wi
TR, HATINRE, AR, B, R, B, M
A ZO-1. Occludin 5 claudin-1 Hif&, T4 °CykAas
H: KHIMAZHNE 2h, BELLK, 2. W
& Marker, ff| Image J /3175041, X454 &
HF A ek g, 453 s, 5 SHAM 41
I, PSDZH %% i 2H 21 claudin-1. Occludin, ZO-1
FKWA W T (P <0001, P<001); 5PSD4
A, XFL 4 claudin-1. Occludin, ZO-1 ik g%
I (P <0.000) (W3 6 X 7).
F 6 MAFZRMIEEXT PSD KRG ZO-1. Occludin, claudin-1
FEHIEM ks, n=5)
Tab 6 Effect of Xuefu Zhuyu capsule on the expression of ZO-1,
Occludin and claudin-1 in colon of PSD rats (x*s, n = 5)

13 Emmﬁéii% |
Z0-1 Occludin claudin-1
SHAM 41 2324093 2.42+0.48 2.1440.44
PSD #1 1.12£0.117 1.5240.51" 1.28+£0.43"
XFL 21 23140.81" 2.2440.57" 2.1240.52"

e 5 SHAM @i, "P < 0.01, 7P < 0.001; 5 PSD ZH#H
H, P < 0.001,

Note: Compared with the SHAM group, P << 0.01, P < 0.001;
compared with the PSD group, P < 0.001 .



RG22 2022 4F 12 A %5 20 % %5 12 8] Central South Pharmacy. December 2022, Vol. 20 No.12

BT IR BT PSD A R I 2H 2R SR 2 S e B 1 S
Fig 7 Effect of Xuefu Zhuyu on the intestinal tight junction protein in
PSD rats
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HE: BB L AHP- BACEFM IR E S ERRY, KEMES SN AMNEL, Fik RAER
XK, 246 UPLC #4Hi%, BA AHP- BACEH ARG T A, SwATELE. =
SO IF BE B2 BR B A VARG SR i Bk @ AR AT R AR, i E S M BRI Y, &
B HRRELILY: MASIEEN 60% LB, 32—k, BFE 1.5h, i B0 H5ET
FRARF 6 REIRNI5AR, LIRN a2 BT, TAMRES G TR T LREEARE,
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Optimization for ethanol extraction of Angelica Pubscens Radix based on
AHP-entropy and fingerprint chromatogram

CHEN Shi-yan"?, LIN Wei-xiong"*, LUO Yu"?, LI Mei-zhou"’, WU Xiao-ying"?, YANG Zan"?,
WEI Mei"’, LIU Liao-yuan"*" (1. Guangdong Yifang Pharmaceutical Co., Ltd, Foshan Guangdong
528244; 2. Guangdong Key Laboratory of Traditional Chinese Medicine Formula Granule, Foshan
Guangdong 528244)

Abstract: Objective To determine the utility value of Angelica Pubscens residue, and to test its
ethanol extract based on the AHP-entropy coefficient method. Methods Orthoganol experiment
design was used, coupled with the founded UPLC fingerprint chromatography to optimize the ethanol-
extraction configuration. Furthermore, AHP-entropy weight was used to determine the weighting
coefficient for the evaluation indicators, in which the content of osthole and dihydrooxanol angelica
acid ester, and the total peak areas from fingerprint chromatogram were selected for evaluation.
Results The optimal ethanol extraction was to add 8 times of 60% ethanol, and extract for 1.5 h.
Conclusion The methed takes account of varied quality evaluation indexes, which is reliable and
objective providing scientific evidence for the resource exploitation of Angelica Pubscens residue.
Ker words: Angelica Pubscens Radix; residue; UPLC fingerprint chromatogram; AHP-entropy
weight; orthogonal experiment
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Fig1 UPLC chromatogram of ethanol extract from Angelica Pubescens

residues ( A ) and mixture reference (B )
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Tab 2 Common peak areas of samples for orthogonal experiment

TE AR b A 1A AR

Ay
1 2 3 4 5 6 7 8 9
it 1 6188 9826 10 838 6647 9108 9123 8844 7030 6153
it 2 4383 7088 7960 5553 6775 6372 6204 5024 5029
i 3 4565 7330 11514 6106 8601 8359 7669 6580 5004
it 4 28 430 45396 56 430 32988 48 383 45570 42440 34796 27937
it 5 17 088 28 424 36 980 19 597 28 561 27472 26 157 20733 17 094
it 6 3223 5054 5884 4124 5808 5948 5916 4920 4085
it 7 17 465 29267 36947 22163 32 869 31292 31510 25621 21167
It 8 3719 6254 7859 4959 6966 6604 6410 5155 3982
9 5083 9323 11933 7363 11 468 11 458 11740 8646 6974
i#% 10 120922 215967 269362 178899 267215 264354 264754 213400 172 181
i 11 91 135 162952 205317 132244 200182 199 263 196 066 153 248 123 153
% 12 7209 12 786 15 695 10 083 14813 14 341 13810 10477 8117
B 300408 539668 676718 430726 640749 630157 621519 495631 400 877
3 IREHSUESER H;=— l/lnn (/= P;XInP;) (6)
T;i}) 3%Content ofindicator;)m[:nents VV; — I‘]// Z}ﬂ:] (1 _ I‘IJ ) (7)
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8 61.68 45.08 495 631 e . L s
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Tab 4 Decision priority matrix for pairwise indicators
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IR T2 1 2 3
ZABRLTECY AR 2/1 1 2
S TR 13 12 1
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FCE TR RN . © @57 H x, 280 n 17
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i ST A j R AREE R ) 5 @ A FEAR AL
BRI P, (0 < P, < 1); O HEEEM H,
FRERCE W5 @ ¥ AHP B F 0GR w), W%
WAL W, T LR R B, AR LR A BUGE R AL
Q;, SFAEERIE A (5) ~ (8) FFATKA

Py =x;/ Y1 x; (5)
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®5 EXHEER
Tab 5 Orthogonal experiment

s A% B/ C/h D RFZH/(mg+g ) “ARULTEYAMREE/ (mg - g ') BIEEB LAY
1 40 8 0.5 1 45.51 35.04 309 408 63.66
2 40 10 1.0 2 44.74 34.51 539 668 69.32
3 40 12 1.5 3 42.58 33.18 676 718 70.89
4 60 8 1.0 3 58.70 44.54 430 726 82.43
5 60 10 1.5 1 55.20 42.29 640 749 84.56
6 60 12 0.5 2 49.94 38.44 630 157 78.09
7 80 8 1.5 2 62.85 47.45 621519 92.59
8 80 10 0.5 3 61.68 45.08 495 631 86.32
9 80 12 1.0 1 69.28 50.22 400 877 92.17
K, 67.957 79.560 76.023 80.130

K, 81.693 80.067 81.307 80.000
K; 90.360 80.383 82.680 79.880
R 22.403 0.823 6.6570 0.716

xo6 ZRITIDHFENNER

Tab 6 Square deviation for global scoring points

JizEkIE R A Flt M
A 765.716 2 739.822 ’
B (i%#22) 1.035 2 1.000
c 74.111 2 71.605
D 0.094 2 0.091

I (Note ) : Fpps (22) =19, P <0.05,

Iy T 7 AB,CD, Al AsB,C;D, #EIUGIIE,
WsE 3 B E TR bR MZES TR, B 7 T, W
3 WHEHRIN RSD 1< 3%, 255 VE 43 S48 43 5
7 84.64 F191.22, RSD < 1%, FW T LRI 4%
Rfoe, EEMRI. SGAFERIIET AR
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FIEAS 7 F1 9 5 R BAE T LWOREE, nzm
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A, A —EREEE EIRAN A R R 2 R, T
REAR AR 7= 28 v s Lo ) 2 B A2 35 | e 1) 22 4 i
B, HIENEETZ ABCD,.

®7 MENERRIZHIE

Tab 7 Verification of ethanol extraction of Angelica Pubescens residues

60% 4 80% MiEfit
BHIE LA/ - ) e - WEIRFH / AR AR . -
. AN Do MIEERL LEAIES " - T BMETRL  SAIT
(mgeg ') MBE/(mgeg ) (mgeg ") fRlE/ (mgeg ')

1 57.63 46.41 512 382 84.52 60.43 48.50 789 894 91.35
2 56.67 47.44 519 251 84.32 59.90 48.68 768 092 90.60
3 58.49 45.49 524 478 85.06 61.72 47.03 788 238 91.70
Y{E 57.60 46.45 518 704 84.64 60.68 48.07 782 075 91.22
RSD/% 1.6 2.1 1.2 0.45 1.5 1.9 1.6 0.61
3 it ARS8 A% I 2 T AR AN E ISR ST

AR50 ) 1E 22 a0 5 T X 5 i il 31 24 7 T
T2 XS T, BREHN T4
PREA, Frmad ER e T a5 R, 45 R
TN TP 48 bR 125 A VF 20 B I 22 (H 3 < 3%,
VLR T AL I B T8 AT S fee o i sl 4R
K, FIEZRTHERYPIIRTREESEN
4.258% ~ 6.928%, AR IS VAR IR 7 &
H 3.318% ~ 5.022%, AJ WG 25 sh AT & A —
TEFRAT O R R A S PER Sy, W AT
HRTF R RA LEER,

PAMEIR T2 04 . UL s 4 U R G A9 5 o
AR AR S g i Ao da bR, i B R 0 E 1k
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BV, 82 v A B A RO R A (L
A JE S 24 2 ) SR VAN T S AT 1)
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A58 2 M B T v A 7 8 v 24 10 D7 JORE A R 400
R, REBUR W SHIRETER Y, BRI
R MUKER TR A TR ORI, Prds 253 H AT
ARAGRA AL, [R]INE R PR 1 A5 e e AR
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Abstract: lodine-containing traditional Chinese medicines have long been used for thyroid diseases.

In the “Handbook of Prescriptions for Emergencies” , there are records of seaweed and kombu

for goiter diseases, and classical prescriptions such as Seaweed Yuhu decoction, Sihai Shuyu pills

and Xiaoluo pills all use iodine-containing traditional Chinese medicine till today. With deeper

understanding of the pathological mechanism of the disease, the application of iodine-containing

traditional Chinese medicines for thyroid diseases has caused some controversy, and the rational use

of iodine-containing traditional Chinese medicine is also a problem. It may be a more reasonable way

to combine the results of modern pharmacological study. This review aims to sort out the progress

in the mechanism of iodine-containing traditional Chinese medicine for thyroid diseases and provide

reference for further research and clinical application.

Key words: iodine-containing traditional Chinese medicine; thyroid disease; goiter disease; mechanism
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iodine-containing traditional Chinese medicines

3 ERSEMPIERRKERERREERILE

T R 28 K52 05 A FUIR RN U e R AE
FERZ, MARCHLRI BT B B>, BT 5T
LAt BAT . BMEMZXShE, KW &

e 24 300 IR B T R D, AR S FR B
X A 4 b 25 AR SCHL IR 8 HET T4RA
3.1 %

MR T I, WEAE. 2Rk AW,
IR RI RSB SRR SY, s 2R
R Z BETEYI T, WS I 2 W ELA B
L PURAL. BUR. AT R AR SRR E A 1Y
VA 0 FFOLR BRI 1t 9% 2 B 4 h TR 44 O T
BERZ L, BEREEILHREM A, 54 H
RBP4 39, I3 T A% 5 B A 5 o R AR 4
BT SRR AEER . RS R BRI 5
P e (CRRESE ., s 1) M EEE T R
PRI BRURETRY 25 2 e 0 1 791 W 8 R A R R R
R R R B IR BR AL SUE A8 L IEAEH, HARM
ML AT fE 571 Bax/Bel-2 AT HUR R0 1
s FRBAAE Y ORI R R, W S e A
AR50 HBR B IS 78 R B A H R R 2R 5500 TR B
HEHEIE A A EER, HAERPLSI W] a8
mTOR-p70S6K/4E-BP1 {5 = i FA1 il A M K 58 A G
AN, R A T AR S A H R S 2
A, EIFARE IR ARERIER . 246305 M
BRI, R AT T RR BRI PR, R A
RGEA KRR AERITER, HAF L FIR AR
D55t R ARG B IhRETCR I Y A AT
TNV E R A PO [ R B S H R T s A
If CYP3A1 mRNA. CYP2E1 ZE H YRk, HEms
i) CYP450 i 2 G A2 12 FHOBR M Aok sh A A 78 P 2 1
A IIRERIRE 1
32 BA

A E R 2 IR . RARE BT,
R, Y. BIRS, B2y i
HER G EEYE RSy, BRI R AT 2R AR
Wi PR . PreEfl . BRI R G e T SRR
FHBYS B DR R ML R 2t 2 LA R
FhE, BRiGEEERHIN, BAHEE AT
R gy, BTG ARG ESR), HE
AL R PAE MRS . OKIE . HBL. AR,
FEZH T HARBR B 69T o B
SCIGHIFIE A B, B AT S A FE DR R e R R
REIRIN S a1 S N 1 2R A VR € i K
HAE FIHLH AT BE 5 98 4% Keapl/HO-1/NQO-1 i %
HX. BAR. WS o 25 b S AL R E A
16 A SRR R (AIT) Shitsm v dfg
FTIEM . Gao % Pligd shy e & B, & frp
R . MRRSERTAR Y RERH AR R AIT Sh iRl
PraEALRE Sy, IO HR AR R Th17 4000 &5 531k
AN, B AR R BOR A AR B X HOR R ) £ B 7R

2839



Central South Pharmacy. December 2022, Vol. 20 No. 12

FRRIZ24 2022 4F 12 A 4520 % 45 12.10)

FH, A2 78 45 PO R B A A I g s LR A
BiRY, AT RARIGE T, 4588 E. il
A HUR RIS . RO 3 s, H
HRE R e T O B, R R AR PRGN
FH L 4R M B 5 | )b ) R B R e P B VR
33 EME

SRt A R R 04 BIL o AF AR 8k
B OPEpER E RS AT FIHUCIR B . AIT &
PAFEM AR A . AR . BRI
IREIEH I HR AR 48 . JCIR M FCIR B 5 Fpe A HH
JC S FPRAL, BRZYBLA Y o, BAREL
AEwESE. WIS, SRIE. SRR E
A3 B RN BRI R e e A A . T
FIIE FEATH T ALT (5 ) DERAS . BRI UE
B E AT AE SRR T V87T A A e AR
(IL) -10. MESRIEHF B (TGFB) MRk, M
MRS H B g vE R AR 8 (BAT ) #5550
B R IR BREE IR (TgAb) /K, /N AR g
AR AR, EATERES/N EAT KR H
RAFRFR, AR IR R 2 RAETES> FLALYE TgAb
KAV, JfREUES Thl, Th2 F1 Th17 2k,
X 5 B o s A R H Bl (HMGBI)
R I TLR9/MyDS8S8 3 4% Al 4 41 ffd PR 34 1 A1
HLEIARSE B NF«B 5538 -5 405 1 H 5 58
PR B PIAH S, Chen %5 7 X 47 A BRI A5
RUBFSY & B2 AL FL O] Hi ] NF-«B A1 IRF3 [0
FEAMHIAR R 5 73, SR e S
7 P GRS 20 BB T % EFER J 200 i 2 2 A4
YERT, [RIE A BE A 3 40 MY 4 32 B AR O& S Ak 43 o
2 18 A PV R RE 2 B M I BE X EAT K RELA
] NF-«B 15 58 BIGLER . Broe s i1
FHAN, R EAA BE A A 10 i 40 B R T DA B IR
BRIEH bR, ATRERSE PV gE R B, AN R
FEN] GEE LI /D Fas. FasL 0933k, FH| H IR IR
UEVIANBR I T, MRS EAT KRR H IR Bt g
O 5 4 0T 87 NS

S IR A i ) T B R R H A TORR I G (1)
BE 7, BRSO IR g I DA i 4 i
FES T M. Song 45 P AR N AMIFSE & FR,
AL FLK B 7T F AMPK/mTOR/ULK 1 i #4155
AN A, DT R OBR R AR R A Y A A
AT B, A ] R e A A R
JIE 9 41 2 & TPC-1 M1 FTC-133 1 Bel-2 A ¢ &
F il caspase-3 [ 15, HETT75 T 40 8 1721 &
Az B B A PRSP, SRR O HIR R
FEANML TPC-1 M35 ELA B MHIER, X rTReE
S5H FJEEIE cCDC67 BFRikM L., A i

2840

7% K B R R R EUY) AR BR BE A ] TPC-1 iy
FsasE, EARHLEI M A SE MR T, FH 40 g
JEI . S ps3 15 5 18 AT i MAPK 5 5 18
% B3, A B R AT 3 2 B IK microRNA-146b-3p
(149 & 38 7T 400 ) HE BRI L S R 98 40 e B-CPAP (1)
wags | RE MRS Y,

34 =%

LS EBENIT RN RTIE . IR EEG TR
MRS, Ao 22 (1) 32 2% PR Tk i
TRy, WM M EVERTY . A I A5,
XY R EA PR . R IETY . PrEL RS LR
Y HVE ] B0 R Z S B B
15 K s e, GRS H T HUIRBR T BE Tk
Pl o M FH L2 R AR Z b 255 O AR 3t 7= 1)
WFoE B it £, 57T % P iTRAQ Hi R &
15T 2H 22 70 B 2 20 B R KCE IR R Bl e T ke
KB, SREREZXS TR, 8ET 78
P RBE ARG, WA . R
A& . T AR EREE, 5
ErbB 5 53 [ AH ¢ o 338 o JR AT 4 2= 0F 5%
K, ZZaPEAT 6 MUY FE AR —H
o MEEE . MOF . S- MM LmR . MBERR IR A AL
T2 B, ¥ RO M it i 38 A (=R A
W MEREACHT . BRI, MRS A S AR
RRAEYE S B RIS 2 7 T A
PORZ SR AT 2 R 14 S FRR AR T BE T
EAE K BB R S REA GG, 95 KoM B R e AL
EEss A . e DR R AR . AR | o-
WRRBRI G i B A, dAE MR B RN LS
AL ORI R SWST9 AT, X 5 XS]
T Bel-2 5 C-myc (AL, HA R E
ZE SR T AR Bel-2 5 C-mye 54 B34
KeF
4 g

FR 3 AS [ BRI s 1 26 B PR 00, 456
ARG H2ESE, 5 5 M 257 HR B v
N R R A PR 7 A St R b g
T B R B A M A B A T A, R
SRl B ] RO LA, X T IRLE = 5k
A HUR B AT 7 S 253597, U E b 24
FE A EL A O 3 R E HCR AR AR B A T BB S
ML 35 2% fif HOR IR MR o AT B9 A& BIL I 5 i
ERE . RPERE . M-S, [RIA b
NGt EJE AIT KR EE R R W, S zy
NIEE T AIT BIRYT, EHi S 2IGRIGIT AIT
) EE S 2y, JLRE A Y e . M T
Kl AIT R PR . BRI 5 A i 56



RG22 2022 4F 12 A %5 20 % %5 12 8] Central South Pharmacy. December 2022, Vol. 20 No.12

FRMAAAEFL, AR N T 70 2 T B 5
BB DX PR R s 14 2 9 236 re T (PRt DX 35 A bt
X SRR UL, I RYA YT R Mg 1 XY kS
a2y, MiEm b 2 A . XS5 NTE]
WAAE S, AR ML 5T 38 UE W % 26 o 2 R
A PPHIESE . AR ER T SRR TR IR . I
Hb, HURBRDIRE SCHEAE 2 HOIR IR A it 2 1m0
SRR IR AE, H 2 R R R R84
ARAEIH ( Graves 5, 297 85% ). R & mlzy
16IT Graves i IALHIDFR B AE =, (HREE T4
S v B LR VA ST Graves 9 4 1 IE SIF 98 A B 3=
&, IS A 2016 f3E E HUR IR 2 e R
] P A DG 4 e AL A TR T e R A S
25 F F AT 52 $0 AR MR 25 %) (antithyroid drug,
ATD) HiE4i4:52 P18 FRIGYT 1Y Graves I /B
BRI R I RO AR T RE, et
PR AR

2 rh LS B T R U IR TR,
WO O R, TR A L LR .
WALy, T HL 245 8 0738 AR [ 25 W Bl A 25
GREER, XWER T A2, ZMEA0N
g, BRI, GRS PGy AR R
PRI N AR ISR 0, FIRHERSS S “PRie
B, B BRI BRI D R A R BEAIL
W, X A T R A HR AR R
BRAE . HARBRIDBETCHERE S0, M B AT
PR E L 2 AU R S R 9T
PR, IR NI RO AR T BE VB LT ORI
o R RE IR N 52 . T B 24 AT IR IR A
KM BT, WITE “PHIERRT LR L, 45
B IR P2 T S5 A B 24

Ok M 2 (I IR AT R B, B rh 24 75 22 i
FEAR . PREYTRL. BEARPUZ5 AN RO A5 O 1 2
MAFRHEE B RIS AR SEHL I SE R & i 2576
B RAT . EAERIX She i 2 R AL
T HURBRG, 3X BERF ST 4l SR & i 25 7E I
IRIRLFHBRAE T J127% . A rRE s &L “A
MR mE, BELssiftie, kb, W\
2y 2 R FRALA S . S5 YRR R R
X 5 W 25 ML A ST AZ AR AN AL, = 4
W, W7 DURE . YIH A A b 25 AL AR
I H 2B A e 7 . B2 E, hEjpik
BRI TEARA 2 o FEASRRIBETE T, 84T
it E— 2 B AR b 25 4 HOIR R s TP i VE A
SEAH A E B . N A G H AR
FHE b 2l S 52 7 AT IR AIESE Ryl AR R H &
(Y

SEXM

(1] fTEE, dEok, BakAe, % Fh 257 HUR R h
(R FETAEDSE [J]. s 24z, 2015, 56 (9): 801-806.

[2] Ruggert RM, Trimarchi F. lodine nutrition optimization:
are there risks for thyroid autoimmunity? [J]. J Endocrinol
Invest, 2021, 44 (9): 1827-1835.

31 A, F—, HUW], 4. S HURIRER TS
PR [0, BE2RLiik, 2021, 27 (7): 1373-1379.

(4] FENS . S [R)BIE i 52 7 IR T 0 1 SR Y B Im R 22 55
G5 D] K% TR ERE RS, 2007,

(51 HEMS, mREF . W LA v 24 B 52 5 i e i
FE 0] AR EZGRET], 2007, 25 (7) @ 1396-1398.

(6] FJ8, JUE=Zr, 24, 5. Im KW F S rh 2y & i
I E BF 5T D] B BR 2 R 2 s 4, 2007, 23 (6) -
387-388.

(71 HIE, SORGE, RE0Y, % EBRCG RN LGSR
afi P R AR FR BRI 7K KBS 520 (I, e
BEZ424F, 2022, 40 (3): 48-50.

(8] KM%, Atafl, FgRe, 5. W EALUGIHEBNANR G Y
23677 HUR IR BETCHEIE I RULER 7). i rh BRZ 2K,
2015, 49 (8): 44-46, 52.

(91 #HEME, R, XM, . eI i
TUR RS 22 PENY Meta 7387 0] TLPE T EE24, 2021,
52 (4): 37-42.

[10] BE&n, BRal . EAS RIS G BRIk Gy HUR IR
TIRETUHEAE AT RONER [7]. BB 24 5 R AT (LT
JiR), 2022, 6(9): 1-4.

[11] KA, KON, B3 . /NG ALERG AN R SR TR A
R AR AF LT A RCR RO S R - 52 e (0], oY
REEZ, 2022, 29 (7). 78-81.

[12] sKALAE, M50, A . B0 2 R AL HE 2L 0F
GE 0] LT E AR, 2020, 22 (10) @ 120-122.

[13] B2 bH, XU, ARIGIE, 25 . I PR ML AT Y
BB A (7], T B R PR AR A, 2020, 26 (4)
460-462.

[14] Rengasamy KR, Mahomodally MF, Aumeeruddy MZ, et
al. Bioactive compounds in seaweeds: an overview of their
biological properties and safety [J]. Food Chem Toxicol,
2020, 135: 111013.

[15] 3K/, Bhaed:, 2500, 4% . 3 £ 80 il A
o5 e el 157 P X FR AR R A A A B AR R Bax
Bel-2mRNA ik (520 [J]. dbath BE25 R 52#4ik, 2019,
42 (4) : 304-311.

[16] B, E&, #hgd, 5 \BEERT LRI AR
Jit Fif A L K B mTOR-p70S6K/4E-BP1 {5 5 il % 114 5
Wi [7]. AL BTS2 A4, 2021, 44 (5) @ 436-443.

[17] Z4a3C, Bhigl, Wi, 55 BT8R0
A RS RN R] HE S (0T PR A A R B8
JIFREDBE Ko B A5 (52 0] hAe P 25203, 2013,
28 (5): 1295-1300.

(18] AHa3C, Bhigtl, W, 55 . TR
TR EE . H RN TE] Ho 1 BC RS DR A R B
O BRI SIS (] shAe R 255E ], 2014,

2841



Central South Pharmacy. December 2022, Vol. 20 No. 12

RG22 2022 4F 12 1 45 20 4 45 12 0

32(5): 1011-1015.

(191 XUBHs, Mr4, T35, % SRGHEWNERETY
rh A [ it A ¥ i 5 T T P X BRI i R A
REFRERY S0 1] AR B 252000, 2018, 33 (5):
1788-1793.

[20] ME3k3k, T, XIBHE, . &G G RS
PPN [5] St -5 SR FH X FRPR J i R BRUTFEE
CYP450 il [H 5 25 (A FaB M52 7). rhAerh R 2524,
2017, 32(5): 2020-2025.

[21] Luan F, ZoulJ, Rao Z, et al. Polysaccharides from Lam-
inaria japonica: an insight into the current research on
structural features and biological properties [J]. Food Funct,
2021, 12 (10): 4254-4283.

[22] &XEAE, BEAIF, BT, . RATHOS R R
B FF AR i 2 8 K S AL RE AR S W 0], 2527 E, 2021,
40 (6) : 359-362.

[23] Gao CH, Qu JQ, Zhou XY, et al. Iodine-rich herbs and
potassium iodate have different effects on the oxidative stress
and differentiation of TH17 cells in iodine-deficient NOD.
H-2 (h4) mice [J]. Biol Trace Elem Res, 2018, 183 (1):
114-122.

4] fHEH, 7, #IEFE, . BATFRIBGROT 25K R
HUPRBR PRS2 7] 8BS, 2013, 45 (8): 190-191.

[25] Z=R_RUE, I, e A, 5. EAEIRT H SRt i
RHIRR B WFFERERE (7). AP PY RS A48, 2021, 30
(9): 1018-1022.

[26] Guo Q, Qu H, Zhang H, et al. Prunella vulgaris L. At-
tenuates experimental autoimmune thyroiditis by inhibiting
HMGBI1/TLRO9 signaling [J]. Drug Des Devel Ther, 2021,
15: 4559-4574.

[27] Chen F, Kawashima A, Luo Y, et al. Innate immune-
Modulatory activity of prunella vulgaris in thyrocytes func-
tions as a potential mechanism for treating Hashimoto’ s
thyroiditis [J]. Front Endocrinol ( Lausanne ), 2020, 11:
5796438.

(28] #4508, WEGV>, RAH, . EAGE AT H B etk
FEPR MR 28 K L NF-B 3 % S e 8 b 1 5200 [J], A il 42
BEzliZeii, 2020, 32(4): 88-92, 96.

[29] AFRIR, A, WAL, S AR F B etk
FARIR R R B HIR IR 4 ) Fas, FasL F2ik 20 (7). 31
IRAEY BRI, 2018, 18 (7): 1239-1242, 1271.

[30] Song J, Zhang Z, Hu Y, et al. An aqueous extract of
Prunella vulgaris L. inhibits the growth of papillary thyroid
carcinoma by inducing autophagy in vivo and in vitro [J].
Phytother Res, 2021, 35 (5): 2691-2702.

[31] Yin DT, Lei M, XuJ, et al. The Chinese herb Prunella
vulgaris promotes apoptosis in human well-differentiated
thyroid carcinoma cells via the B-cell lymphoma-2/Bcl-2-as-

2842

sociated X protein/caspase-3 signaling pathway [J]. Oncol
Lett, 2017, 14 (2): 1309-1314.

[32] BV, WARE, VFEME, . AT R Rk
AR AR A A ) B A R e 45 P AR 1 67 PR Y 5
Wi (7). FRAESEEG ANRIARER, 2015, 32 (3): 492-494.

[33] [l . B A E S ) v AR SR MR A ) R R 7L Sk R 4
Jfg TPC-1 HEBH By SRR 5 [D). BB mRIERZG R,
2020.

[34] B0 RE . EARG H i 9% MicroRNA-146 X LR AR L 3k
ARIEEANBEIGH . ARZZAEZIE [D]. FBIN e PR 2R,
2021.

[35] =HkE, BEE, R, & . ARSI @Rl
WA B SRS K 6 Rl 27 il o & el sE (] a2y
%, 2019, 17(5): 641-646.

[36] Ren D, Shen ZY, Qin LP, et al. Pharmacology, phyto-
chemistry, and traditional uses of Scrophularia ningpoensis
Hemsl [J]. J Ethnopharmacol, 2021, 269: 113688.

[37] K77, FAME, B, 55 T ITRAQ HIRM X2t
B R I HE IR AR D RE ST 18 K B 11 B2 205 (). v A
FREEZGZLE, 2021, 36 (7): 4207-4211.

[38] 7T, AHME, U, . T RBAGAAIE L
20 B e R Y ST K B AR 2% B e SR FIAILAR] [0). 242
iz, 2018, 53 (11): 1843-1851.

[39] 5K7°, ZEEME, B, 55 XSRS TR
FRUFFIEACIZ 2= 52 ) (7). JLaT i BE 2 K244, 2019,
42 (1): 21-29.

[40] {LERAE, 2Ty, R, 5. dh2h XS R
SW579 ZRfifgksi K& BCL-2 Fl C-myc &3k AYEI0 [J]. V174
HEEZh, 2018, 49 (10): 67-69.

[41] Ragusa F, Fallahi P, Elia G, et al. Hashimotos’ thyroid-
itis: epidemiology, pathogenesis, clinic and therapy [J].
Best Pract Res Clin Endocrinol Metab, 2019, 33 (6):
101367.

[42] JCifEEE, METOF, FUBHE, 45 ORRIBUEA I HR
IR TR AT 1) AR AR, 2001, 81 (8):
457-458.

[43] Ross DS, Burch HB, Cooper DS, et al. 2016 American
Thyroid Association Guidelines for Diagnosis and Manage-
ment of Hyperthyroidism and Other Causes of Thyrotoxico-
sis [J]. Thyroid, 2016, 26 (10): 1343-1421.

[44] HETHPEELS G RN Wb Z 2y W Eh25G
J7 Graves Jis & Z AL 7).t E g B 454 4%k, 2021,
41 (6): 663-667.

(45] v [ B2 U P 2 op v IS 45 5 B 0 2022 PN 23 0 45 AR
P G2y HURIR DI RE S HEIE AN LSS & 12T TR
(2021-01-20) [J]. tFHpEEZY, 2021, 16 (2): 193-196.

[46] R, FEE, BB, 55 . Sl 2iinyy HORARR
R TFFT IR [7]. BRePU S, 2022, 43 (5): 677-680.

(s B #: 2022-05-02; 417 B H#: 2022-06-17)



RG22 2022 4F 12 A %5 20 % %5 12 8] Central South Pharmacy. December 2022, Vol. 20 No.12

R ET7RT IR RR R Im RN A S 2532 (E et st

2k,

i

Wik, EHC CEEBBERKERRIC IR P ER, L5t 100038)

EEAL T, BT ESFTRIEERGELTH ., AGEB A @, &
BRI T TGS FARAEAY . FORAR TS A TCHEE . MR TORAR K A TR IR S W ORI
B, ARG EN AR I HEAREA LS., A FRIEMIOHIEAE B F A @
B FHEAER ., AL G AR ERE T HOGREALREALGRERFE, Wit EETER
AW R R, A EBE A RN R B AR R ALE 6 /ﬁf\'gﬁmffiﬁ'\tf‘%‘o

RE: HFRETAAFZ L

KR BEEET; FTRRAER; Bm; RAHMAE; AR, BAREA
mE4SZES: R285, R273 CHFRIEAD: A NERS: 1672—2981(2022)12-2843—06

doi:10.7539/j.issn.1672-2981.2022.12.023

Clinical application and pharmacological effect of Haizao Yuhu decoction
for thyroid diseases

MA Si-yi, YANG Tao, JIANG Min" (Department of Traditional Chinese Medicine, Beijing Shijitan
Hospital, Capital Medical University, Beijing 100038)

Abstract: Haizao Yuhu decoction is a popular prescriptions for treating gall disease, and it is an
important prescription for many thyroid diseases. Modified Haizao Yuhu decoction can treat thyroid
diseases such as goiter, hyperthyroidism, Hashimoto’s thyroiditis and thyroid tumor. Modern
pharmacological studies have shown that Haizao Yuhu decoction has pharmacological effect such as
anti-oxidantion, regulation of proliferation and apoptosis of thyroid cells and cytokines. This review
aimed to sort out the clinical application and pharmacological progress of Haizao Yuhu decoction, and
discuss the research progress in the sargassum and glycyrrhiza antagonistic medicinal combination,
provideing reference for further research and application of Haizao Yuhu decoction.

Key words: Haizao Yuhu decoction; thyroid disease; gall disease; antagonistic medicinal
combination; pharmacological effect; clinical application
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PR FREREESmREES PR

T, BN (ARG MER S, L5t 100061)

HE. 288 -F 2450 (scanning electron microscopy, SEM ) 2 XA SR AW SiEw-T ki3t
#ow, AAFREA@YG ZRET, Fi e T HFEXHERBATRGEAFTEIH, NmEF
Wi, M. R AL FFREN—MNEI I F, AXABT SEM#RE, HFE, £
Z XA BB Rk, HET B A SEM AN KR F b b ey A, % SEM A4 25 4
Pyt —F 5 R A (F B 2548 ) SEM AR Y FT RS

KW AT IME; B, ARmsiEs; 2R
HESES: TQ460.4 SCRRFRIRAD: A
doi:10.7539/j.issn.1672-2981.2022.12.024

NEHE: 1672-2981(2022)12-2849-07

Application of scanning electron microscopy in drug quality control
XU Xin-yi, HONG Xiao-xu" (Chinese Pharmacopoeia Commission, Beijing 100061)

Abstract: Scanning electron microscopy (SEM) scans a sample with a highly focused and high-
energy electron beam. Its uses secondary electrons, backscattered electrons, and characteristic X-rays
on the surface of the sample for imaging and elemental analysis to obtain morphology, structure,
composition, and crystallography, etc. This paper introduces the principle, characteristics, main types
and pharmacopoeia standards of SEM, and summarized the application of SEM in drug quality control
at home and abroad. It is hoped that it can provide a reference for the further application of SEM in

the pharmaceutical field and for the development of SEM standard in Chinese Pharmacopoeia.

Key words: scanning electron microscopy; pharmacopoeia; drug quality control; application
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*2 KEEZXREFRK SEM tRE

Tab 2 SEM standard in national standards of the People’ s Republic of China
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GB/T 27788-2020
GB/T 28873-2012
GB/T 30834-2014
GB/T 31563-2015
GB/T 33834-2017
GB/T 35097-2018
GB/T 35099-2018
GB/T 36422-2018
GB/T 38783-2020
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$5 ). Zafar 25 UV SR ] SEM X g 7 vk R Bt ek FH A
¥zl Jadwar ( Delphinium denudatum Wall. ex Hook.
f. & Thomson ) #4T T LM FOWIESFHERSE, H
R EL DS 28 TR, Yoganandam %5 MY
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K H SEM WL 25 V% Wt I K Ailanthus excelsa Roxb.
( Simaroubaceae ) =5 J7 WIS AN TT, AT £ HE 0]
TR TR 245 I BB 25 MLbRifE . Serrano %5 17
I H SEM % 1t Hypericum foliosum Aiton ( Clusia-
ceae/Guttiferae ) THEHTFAEHL b0, HEA T
FE AR Y AR, AT EP %2 AR
Y5 bRIE R S e T o . 515458 SEM il £ 7 1k
AHEE, cryo-SEM ASXTHE S it e IR, B id A
FEHEE RERIRAS BRI FK G A Db B i 3=
T JE 2. Choi 4 " WL T Aloe vera P I (1) ¢

WEAEAL BE R cryo-SEM T IYJER, 45K FWH T
cryo-SEM Jo5 L BRAEf rh K 43, RIS i BE K

HHEYIM B A R T
3.2 A 0 A 3E e AL A AT

Gnanasundari % " #] Fif SEM-EDS & 1. &
50T 74924 Panchalavana thiraavagam £ i /1
WURL ) KN, TEARLA B Mg, Ca, Na fll K &5 %
JLEM 5. Anuradha 25 " S SEM-EDS & &
&IEJ1E (ZAF ) W58 T Eclipta alba (L) Hussk.
( Fam. Asteraceae ) #& PRI IRIZ Y —F & IKFE
2% Swarasa churna T CHE C. O, Na, Mg,
Al, Si. P. S. Cl, KMl Caly&it, FaEFEMN
S i RBRAEAL AR L T S %5 B Silva 2 P
WIFE KB, 7E X458 X300 HURAEHRA SEM T,
WEZR IR AEBEIRIR . FE R ) U e [k 245
AR RIEL, F=2W] SEM Al H] T API
M ES T, ATVE A VA BT AF A R 2 BT i 1Y
A H T H. Rades % "' 55 % W], SEM-EDS J&
Xt 245 Aokt — AR A i N AR AR Bk N K R R A T 4
RS MR K TR, Aot A
BRI EMZ IR R IR RS T RIPDEE
(atomic emission spectrometry, AES) {F i — Ff
AT, ATHTFAEE A EDS Ht s RIS b g
KIFORLAY T8 . AES Fil SEM-EDS Jr A H AT,
RERE AR OB KN, DX A AE T B L 3R TR AR S
BEANYPRPR TR

FESP AT IR = A E 38 R T DAL R A
AP BHREYE, XPREDE S MG IE TR . 15 W
HEE . BIFFE IR 25 o A A 7 i R A8 B B i)
e - RS T SR RE 1 =~ S j A RN X & 3 s i)
DA A M, Mura % PR SEM #FSE T 5
TEA S 2 RS . BP9 RIT, 25
HOBHEUR Y R HAS FIES, B2 S A
FE 2 M B SRR R 1T . SEM RS e ke 172
BRI RN TR RS BEAE 25 - REY)
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YA EAE TR EZEH, B SEM A B
TR 22 7m 4 GRS AR P g &5
FIFHEBR 25 W) AN A2 % . Hidbner %5 2 il Yu
2z 2323 5 F SEM I FESEM 23001 1 40K BRI
KL G YR FEK TR LIRS SE (polyvi-
nyl pyrrolidone, PVP ). % 75 F1 PVP [ JE 28 Fl
Jst. Totea %5 ™ SR H] SEM-EDS HIF5T 1 #h e % 2%
%K (propranolol, PPN ) W | REfREEE ( mag-
nisium aluminometasilicate, MAS ) 8, I
TAE T A4 A B IR L MAS-PPN Jitkr, R T
MAS-PPN 7E25 Y45 I RO T T 7 ) . Bawankar
45 PRI SEM i B wE IR IS, UESE TS5
SFRRANAEFRH ( Go-Ghrita, GG ) H iR 2 1] 7]
RERUAHEAER, BB T B EORAS BN AR 0 A
SY IR i AL 3B T T3 A T RO d AR 1
GG, B ERIEEY, & 1 HREDFH
Mg, il 24558, SEM-EDS AR R 2
i B ER A (T FH AT AR Sy AT S 25 W 50 () b 72
Jrk, TR B s A E =3 A, EDS AJ
R IR B2 1 Ao, AT T AR R Y o
2k 5 Scoutaris 25 5% ] SEM-EDS Fl 3t 5 £ if
ST RAE TG ET . BUR G A A
P = MO ) D7 kA 7 1 R i eh R R TR N 2Y
F#RE Compritol ( C-888) F4M G, HiFtiRET il
B R R DR R R B X S PR O A B A, A
EDS 3R h & 6% 7 | R 25 il i
SAHTINEE R S HENE HUEAR Y& .

SEM TEALFE A AR FLIRAE N B £ MK 1L
s A 55 7 v T2 P, Hatziantoniou 45 &7
A sE R, SEM G T KL Mo, 5
Vo VR b 2] 355 B HL B (freeze fracture-transmission
electron microscopy, FF-TEM ) A b, &l pi 4
BEA, I AT LA A a] PN ARG A DR T AR S B
Ko BT REVINDIKZY)ibhik RG] A 259
o TREAR . PR 25 R SO T /b 3 s AR
FI P, SEM &L 1 43 FE 3 Ay 1k 1 1) 2 T ek
it H 1Ry 43 HRARTE IO PN ) i S5 24 3B ik 3R
Se RAE B TR P, Bibi 45 Y i} ESEM X5
PR BEAT AT LAY, W g AR AR Y 1) 52 il LA
K B HHE 69 )7 2. Donald % ™ W1 5% T ESEM
TE=FRE BRI PN, X ESEM AR5
BN SR A2 IR T I FRARZE 6 . Rizwan 45 PO )
AR R &S T BT (cryo-FESEM ) %
IE T FHAR e — B RN 2K I B — o U i Jo Ok 28
KRG X% B2 ST )7 W &R 58 Krauel 45 BV
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FIH cryo-FESEM SRAETRR « XU LLFIVE IR — A
R, DR, T ] OSB3
SRARSHIRE S, cryo-FESEM J& it 7 i A4k v f
AMELRHE A, 04 B8 1 A il 70) g SR A3 0 & A
TEHAG A B T AN R B, DA S 2 A )
PIRSMA I REI, 3 R A 1l 390 4 AR 5 2 AR 1
A/ SR A BPIRAS T #17. ESEM AT 7E [ 2R &
X RE 5 B 4 1% . Roberts 25 1 F Fl ESEM
FRAE T 1258 SEM XE LIWLEE 1 7K 1 1 2% 7K i ik R
A Polyox BRI A& 22 AR A, BURLAE
ESEM HH % fiff (138 5% 5ty USP 3% H 7 i e 1 2
s H B 1) 2 [a] HAT AH DG
3.3 IR RIR R AT BT B

SEM J& 2 fiE AN [A] > U st A4 Rk 9 AT 46 O v
SEM 2 {4t fity 2 1 41 75 mT LR AL kL 22 57 T
Peng %5 P2 SR SEM X i1 37 1 4% 5l L ) = #5950
BC T Bk AN R 4 B 7 TR, K BAN ]
I GUELTE =S W N [ ENE TR TR /NCI' 2 7 N T
Sy R 2 R B RS B B S R T S
TR FESE DR SEM XLEE T FH A I ) 45 10 25
RSB A AE R e, R B 5T s £ 4k
RAPTESR, AR R ] 682 6l & BRI
T AT, Gamiz % P9 fdi i SEM #F5E 17 Tl 1l
20 FH R R DR A Ry RN A R TR =X Rl o 551
(¥ A AR I 6 ) IE SRR,
WZFIEA . hEOE 2 EA . e FLBREESE,
TXSERRAE R T B R A A% i AT e
FF EXF K BRTC R, w1 HAE 2 b i A et b
AL
3.4 FEAENE T RN L

5 T @b, SEM TEE i M4 K
FNE ORGSR RS0 RS JERAFN 4346 5 T &
PR FEAER, AT 24 b o e 4 ] v R i
IARBIFRER A Y, SEM 44T e T4 K T 5%
WIEA, BRSO IR AR . WA B A 45 44 A0
RSEoAa, ibA1E ST REAR ORI Tk 1
#FE, BlUnshZAEHU (dynamic light scattering,
DLS ). DLS F AR IE G 73 M B4 90 K 1 B AR
ARG R - FEARWAAHEAEN, Bk SEM
55 DLS Z5 A (1, T 3% 15 o 6 %) 0k 2 1K 1Y
Masaki %5 % SR F SEM [ % - FL28 £1 £ A1 DU 4R
KA G B E AR, 8 TR 2R N5 FL
W 5 IR I ) R A R . AR R B R
ST 5 H DLS M@ i RO AR — e I 25 57, XAl
fief& T DLS /Ui Pr A Wi i P8 A, ok

B R /N T AR D BRI, E R
PIFEAEAT T GORFLIR A AR B AN IS A #
kI o Z ISR I T SEM FE 48 K FL IR EE
W Ty I A B A5 3K o 2590 TR BRI AR
AR EENYIEREESE, PRI
G HU EI 5 . Neuberger 25 P %t 1) Fi 37 % 5
KR B F B3B8 (field emission-low voltage
scanning electron microscopy, FE-LVSEM ) jk 75
(AT WA R T R AT, e O it e v
A RO ) RN R, 256 OGS
HERf RS 1 TR AR B S AT o
3.5 AHERKKRAE

A AMACR M T A E LN R,
AR TH T LA 7 R A KL BRI A . Neilly
A OV 5T B SEM AT DL R VR 2 B9 A B .
FADCH U EARTE R A LT8R Z R a8k
AR, AV RAE RS IR 2 02 R T oK
AR EAE TR O AR . S AR
Z AN, SEM 7] LU /R A A Z [\ i A
It R B R A YR E A SRR . Ak,
R AT DA R SR R BB R)ZE T, B2
T HA R aURCR SR, DL A% A
HWRIZKAR, Xk HRIE 26 B TC
I, Seitavuopio % P ] SEM-EDS Wl %¢ |
LA R v 71 3 TADRERS B2 LA R A i R B AN — 4
ER R A2t G5 EW], BE{5F57E 15 ~ 30 min
WIHAE, B R RIFE AR R S 55, 4
D71 ATk e 7] 2 T e AR A 5 | RS 1 A8 A i AT AT
HALSHr. Liu 45 B9 ] SEM-EDS W58 T IR )2
Z KB AT RS, AR IR A TR = &R
4i EUDRAGIT L 30 D-55 (3% Je A B L a4t
KET, BRETENRZT, HREHEERER 5
2, XFERA BT RURE RGN TRE  . FE
HESE P R i e A MR RS, IER T U AR
A A A A1 L 98 P 22 ¢ i SEMEIR, AT
AR BHY R R FRRE, RAWESEE%
TR K28 BR o XA B B BRI ™ AR 5 )
3.6 MR P AR P Ay ] AL

FERIZ51 70k, SEM XM AR FN K 4544 1)
SATREJIRE T A RN 4E 5 /2 GMP 223K 1 i it

ZEKHE, SEM WY B R M M e

AT DASRAIETE T 20T % B ] 000 e 36 i A= = 0 2
SRR Y, SEM FR AL R F T 4n Y,
mamigr iaE . <AL B A FOLALREAE AT 48 75 B
R Dy s, SCEAE BT T IR e A A
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A ek (AR . AR FNIRD) fednfE 8 .
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R HWATR B 1 T 5 B 247 i A5 Y A 38
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SEM-EDS P-4 1 1 84 23] FH 35 B8 04 3 SR ki 4
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st Siv By Na 2RI R, 1%l 4l sl 5
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4 N
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WERE SRS, W REIEIT L FOe & W Hr
DL 2 e b, PRI IE AR S . B
PP A5 BT . ASER IR AT B A . 52
FRRLE I E T & . R B RAE | Dk
Az Pl AR A IR A BT AR B SR ) T
Y S5 2 i o 4 ) AT 5L R 1 L R
EDS 1 #h 753 i SEM R Y AT B E, =&
WERAERE LR AN EE A, BidEsa
HoAthF AR AT LA Ay A2 S AR G A /N A
i B2 4L T 28 00 BT BOHE 19 R 93 BER . eryo-SEM
AT RAFWAR AR ks . FLi . Bg iAok
YK FLI S K B AR 2 i ik RSt 5 RS
[ AN GE T BRI, (] SEM R AF s 3 1 AE
HE A Bl LR, R, el AR A B AR K
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WKL) AT s A e t24 2 L. [V H ESEM fig
4 B T 20T & NS JE I, b = i i
L TTRSEAL, R AT PR R RO A WL VR (] A
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EURSHTARZS &, AR BRI R AR 4 72 T 2L
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Application and research progress of ceftazidime-avibactam for
children's infection

ZHOU Cheng-yue', WANG Zhuo-yun', YAO Qi', CAI He-ping'", FANG Hui’ (1. Department
of Clinical Pharmacy, Anhui Children’s Hospital, Hefei 232000; 2. Anhui Institute of Pediatric
Research, Hefei 232000)

Abstract: The incidence of multidrug-resistant bacteria infection is increasing year by year, which
has become a major health care problem. Among them, the main infections affecting children are
multi-drug resistant Gram-negative bacteria, especially pseudomonas aeruginosa, enterobacteriaceae
and acinetobacter. Ceftazidime-avibactam is a novel antibiotic approved by the FDA for complex
intra-abdominal infections and complex urinary tract infections. However, there are very limited data
on its use in infected child patients, and its safety and efficacy remain unclear. This article reviewed
the application characteristics and potential use of ceftazidime-avibactam in infected child patients,

providing reference for its clinical application.

Key words: ceftazidime-avibactam; child; multidrug-resistant bacteria infection

Biti 25 10 PR 25 0 NS BN G &2, 40 B
OO, JLE L EM ) (multidrug-
resistant, MDR ) JEYL 1) K R AR AL ZRZ A T,
PO/ o oo i AR 0,7 S | I < s XD 207 P
Yeos IR AT BERTR], HOMBET 2, (G481
R ME, R AER ETE. Meropol 25 M i 18 26 [
)L MDR 7 FF T & 4 28 7E 2007—2015 4[] )
0.2% I T 1.5%. A P e L8 2016—
2018 4 L I K5 77 v i B 7 25 4 I+ v R 4 T
( carbapenem-resistant enterbacteriaceae, CRE ) 114
SRR A FE AR 2 W R ( CARSS ) 2018—
2020 “EEdE R EULE R (T agh g ) itk

Fea 8 fi i Sk 76 A i 6 S B A B ( CTX/CRO-R-
KPN). Tt 8RN E (CR-ECO ). ifif
T BRI IR FE AT (CR-KPN ), i B 4807
R4 B0 B A BR A (MRSA ). i B 420 78 PR [
FitE AP A 26 BR P ( MRCNS ) FITH 7 85 2 il R Bk
(ERSP) KR @ T =H K —REEEERE, #
= JLATJLFE CTX/CRO-R-KPN 45 H %5 T A K
ZAENRE, HorbE L CR-KPN K6 s m, It
RIBAE AR, nTRESiRYT L Sop A LB
PEGIRI T 2R e A PR, SR, &
BHREREMRIRNIRIE ZR AL, fELE
2 T T 245 Wil 2H (ISPED ) 2020 4F CRE Ak 3%
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H4.9%, 2019 4F (82%) WA, Hhpk LA
53E% A4 JLZH CRE £ 1 %421, CR-KPN7E CRE
PR R (5 47.9% ), IR e EIAE (KP)
X IV i 155 i RN 9 20 B B AT 252843 51 R 11.3% Al
13.4%, HH L 2019 454G H 23T Fta 3k B i 1,
HS% MDROs 78 JLTE 2 35 a9 s ke 258 4% 2019 4
FEAR, XTZFhHT e 25 W) AT 25 R A B ik, (5
CRE 7EJJLBMAH i, FLIGIR TS $025. BRI,
AP 24 . P)SE R LB AE T AU 2 48
YR A BRI ) EE A

Sk A mE B 4E L (CZA ) J&—Fhpr il - N
P e Tt /8- DA Tk e 0 ot 790 52 5 0550, R SR AR
S AL TR 2R KA IE 55 - P ok Mg il 4110 ) 500 o 4 1 3
%, 2015 4E 2 F 3K FDA L HE ] T8 97 3 22 [
FPE TR R, X6 22 FE T 24 B 5 | e ) 7™ R e A
RO, EHT 18 % KL I iR I AR IR T R
%t (complicated intra-abdominal infection, cIAI)
(BRAHme ) . 5222 PR% IS ( complicated urinary
tract infection, cUTIL), & Bt 3845 14 fili % ( hospital
acquired pneumonia, HAP ) K I W AL AH ¢ P il 48
( ventilator associated pneumonia, VAP ) ', JL#IF
A THERK AT EZEA, F2a B AERYI6E M
REFWAAE, AFABEBRMR . B3, A1k
RN, 29WE R N 9 24 B2 R (R R A
CZA HRTIETFEHTILEE L, (HHZeMME
M AR, AUIIEEE 1 CZA XN LRA
O3B G AT R R B AR, RIS
I (PA) FUAFFEERLE ™ % 20204E3 /1, CZA
C A TIRY7 3 4 H RILER) cIALFI cUTI, H
i R IEAFFE H T TR 7 HAP/VAP LA < 3 4>
H LR 2tk KA s P10 RSOz 25
7 ) LB 8 R N AR 2R AN T
1 1EANH EEFEME

72 B- P P it ) 5 2 P B B S A S e At
WEPTRIAERT, Bl (02— A U - PN Tk e Ti41)
W, HARBANBYUETE M, (Ha]PR R 5 58 sk
FAIEXT = B- INEERE RGBT LR TG M, IR Kt
PR, Qnxty )ik - NEEREEE (ESBL). B- N
Rl ( AmpC i) . 222 Rtk s 5 14 g (KPC)
F1 OXA-48 ( oxacillinase-48-type carbapenemases )
I KImRAH . PA. KPN, F @S AR, H
Xf IMP, NDM, VIM 8§ OXA %5y RUJGHGH: 1,

Z ORI G AL T CZA X PA %553 55 0k M
HABTH 25 935 . Huband 45 ™ & B CZA I PA
7 e R BT R U (96% ), T At B- PN Tk
W25 an S Al | 58 % 5% p FHR S 7o b ol e (2
X PA 1Y U 53 53] Ry 86.5% . 83.0%. 83.0%,

Sk Al e PR 24 X PA 1Y BUBCRAUA 84%, 15
T Sk 00 Ath I w2 0 ] 24 £ 3 T 88 i HG R T
Sader 2 IR 58 7% CZA %43 25 09 W FT 5 Fl PA A
B RETE M (4 MDR Ml XDR ), X 7 AF B sk %
$ T 100%, *F CRE (MIC8mg+L ") %
1 97.5%, %t MDR F1 XDR i #T 1 4 B 2 43 il
4 99.3% K11 97.6%; X} PA (MIC4mg-L ') i
TURRAE 97.0% (iR ) ~ 99.4% (JREIEYL), XF
MDR /) 8% 89.3% (5 J8%) . XDR Y SRR
7 80.4% (Fhld), {H p- NEEREINZ) ( BLM-NS ) 43
B R BURCR R 2 76.0%, [ BB BFSE T 2014—
2018 4F- M\ 33 5% 36 [&] = 47 Hp o0 1 I 970 JEk e £ L
(< 17%) 5B n A3 F PA R X CZA B
JEMEI A 100.0%1

Lin 2 "VHFSE T 2016—2019 4 )\ 26 5 & L
B UTLAN ARG R R, &30 CZA XA FF 3 A&
ESBL AT i 4 bR AUk, HAg 6 R 922 15
B (E2 1R MIC > 1ug » mL™ ") X CZA
U (MIC0.12 ~ 4pg » mL™ "), HAERRTEI
34~ PA KT CZA T2 (MIC =32 pgemL ™ '),
gk WA 4 MY % P CZA X CRE £ 38 H W 8 i T
kA mE A HAL 2 Y BT RE TE T, (RS T2 AR
% B U N FR 25 CZA X CR-KP 1 4 &1 31 34 1%
P, JEHXTHENT blag~2 BB CRE, £
Zs 2 VR 9% 0K CZA %t CRE Fll CRPA [ 85084 % 43
WK 74.5% Fl 62.4%, BRI PORIFGE 5 Bl 4
R T kAl RE X 7 KPC B AT R B0
WPE, CZA X}7= KPC [ 1) CRE W #k A 3055 A it
FRCR, XF 7™ NDM 4 J& i} 1) CRE T Kk TCH fil 1
s T4 ESHY 143 ¥k CRE 1, CZA RSN A T 1
ik 54.5%. de Jonge %5 " [a] Ji5i ¥4 43 #7 /R 99.5% [
FFHXT CZA (MIC < 8g+mL™") fUK, CZA X}
83.5% FEB RN 2R, CZA X} MBL, OXA-
48, GES. KPC. ESBL Fl AmpC i 1) i fik 75 25 M
Ky B REIE PR AE 98%. Zalas-Wiecek 45 P HIF 5T
T 20152019 4 H AR, 4R En7ELE S
CZA Xkt i gt fe s (98.9% ), X MDR 1)
HUREN 97.5% . ESBL 4 96.3%, [RIFX] PA sk
PR (93.3% ), JEHAE PICU ATk 94.2%, Xf
CRPA IHIERIE 69.2%.
2 PK/PD RAERME

CZA 258 J1 2 N AT T 230 5E
BAEILE PR AL, W5 E RS P
2 (MCS) X} CZA RIRIRYZA 2577 A TGS HF
fHEHIBITROR, 455N MIC HAR K, JBI7RL
Wiz 0P MLl MIC < 8mg+ L ' T CZA
2.0 g g8 hikFRHEZE (PTA) > 90%; #5 WLEFIH 4
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R (CrCl) 7F 51 ~ 120 mL * min ', #5 i 7] &
BT )% (2.5givq8 h) PTA Af ik 90%; >4 CrCl
TE 121 ~ 190 mL * min~ ' B}, AU &F =4 2507
%% (375 givq8 h) PTA ik 90%; CrCl7E 51 ~ 89
mL » min ' B, {KFIEAZ (1.25givg8h) A
;M CrCl < 60 mL » min~ ', AL CZA 1.0 g g8
h, EFHRAZI % (3.75 givq8h) XA HRE R
B34 (CFR) {HYBT 90%. X4 MIC J 16
mgeL ' H CrCl > 120mL * min_ ', F CZA2.0
g q8h, PTA  38.6%, i CZAMENN%|3.0gq8h
I} PTA Af ik 84.1%; 4 CrCl < 120 mL * min_ ' 7F
HHRR R O A RAEA A TSR, R EE 4
PERAG NG, AEFELFRN . XF MIC <8
mg * L~ ' {4 PA FZ AT B R B 5 2 R A 1fiL 37 2k e
., CrCl A 121 ~ 190 mL » min_ ', FR#AEFRIEIG
J7 (2.5givq8h) F CFR ¥/hF 90%, Deshpande
25 PUBIE ST CZA X iR 24 45 4% R (9 VE L 10 000
B LE T HrifE CZA FH 50/125 mg * kg ', Ja X
4% 9 B 8 h ¥ 50, 100, 150 ;2 200 mg « kg~ ' i
A2 h, JRWEIRERE BAR %, HiF 90% JLET
100 mg « kg ' CZA HA 5 —Z&budsZ 2
AER, HIE60% JLE T CZA BAAF &SR H
R, AR ILERE R 100 mg < kg .

— 51335 P 9P Ah T CZAFE 3 M H E 18
Z1H cUTI (FatEEE %) BILhrziftsh )
L WOWITT 23 Fr AR 72 h N P4 I R 2 v 38
90.7%, AT REVIAT RORIR 88.9%, AWEA R
79.6%, FEBAE ' IREA 4 L EH % CZA
. 5 —1Z e T P94 T CZA 78
cIAL LAY P, Sk 7 fthy i RIBAT 26 48 frSF-347 1
HRIETE 1 ~ 3 ZBAFIPAILL, Bon CZA BAR
I B i A2 P EL P 22 I B IR AR (f 46 k7
HEAS SRR R ) BB cIAT LE R E AL
Tosifidis 5 "% [a] 5 40 M T B0 2013—2018 4F 5
% 1) T XDR-KP 5, PDR-KP J& 4t # fifi [} CZA I
B, Ho 8 i BJLAEARE, #5521 9 M7 CZA
¥RKIETE [ 7 625 mg « kg~ ' g8 h, K& 1 1 ThAE
AN TSR - fR Kt (CVVH), K
AR 1, A AR A BT
3 FEREILESRRNANRGIRE

HORE R YL FB LA CZA 1Y 58 130 o ik
%, HETMRE 7 ILE 16 2 LERA W L, £
FHFIRIT IR I, | 52 2 AR | Il Y JeR e |
FRREE e . WOIAE | HBER A, WLk 1.

Tosifidis %5 " i 1 8 4] £¢ {l 2% i i2 & XDR-
KP 5 PDR-KP /&Y ¥ (13 d £ 4.5 %, FH4ER
53.d) 32 9 MITRERIKIES CZA, HEWRHT
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1 ZEJLEFERE WP E (PICU) [192.5 % &L,
Tamma %5 " 95 R $ 8 1f ) CZA G YT 1 61 2
AN A e R G Lo B S P AN SO B R 2 A
& (Bec) M IMIE, CZA T8 9LH Bee YL (1) 78
TEH R VAYT . Hobson 25 P73 YRGB ffi ] CZA
AR (ATM ) B3iRY7 #57  NDM-1 Fl
Sk 160 B 2R 0 R LG EE AR s . Esposito 25 PV 4%
i 1 CZA IR YT Tt 25 il %8 v B A i ( KPC-KP )
TR I YRR AR R L, B CZA FE
JLE R Al e %4 HA SN, Vargas % P
38 114 % B (R 50 kg ) 7F ICU f#
CZA WIIATT B KP 5 B EIR TE, 1EIR)T
WL, R kA el A A R F5 4. Yasmin
AL POIRIE 1) 4 % A B A0 A s B
¥, HCZA + ATM I 97 I 8 40 1 4 25 4k
(47 blaKPC F1 blaNDM ) &Y%, If 1% B TDM
JE#E )7 22500 100% f;, > MIC ¥ PK/PD H¥%, 14
I7 2 )G, BEIRIE A H AE K. Cowart 28 PR
1A LT i (CF) MAFR L 11 2
7%, HH CZA B ATM BoKiG IR Zi5Y7 g%
ZEPA R 48, SR T TDM b AL 2
T AHIKIRYT 7 BARF SR A Bl R 4 i
W E, RIKFNAYIT I H AR, Coskun %5 P
Wil 1 = (2227 J) . R AR (1000
g) L CZA B )R Y7 PDR-KP 5|2 IR %
YL, NguyenZE PV T 1 4] 16 % & M FH
CZA + B Hirg + 2 A5 R W UNAIT 2 2574
AT [CH B SRR Fe k2T i i, (HIG
Jr14d)E, AN WEREH MICTHE, 5l
XTI AR CZA r= A i 24404 XU PR FEAIC
Ji 4 BYIRGE T 11 45 d 58 SR AT T O E
T ARG 14 H4k% CRKP B 864, il CZA W
57 2 R B EERIG A, A M H %4, Tootla
A BIVIRSE 1) 17 A A JERIDIR I B &l L R R
UK BT (46% 45K AL, 4k & FreetEmt
B 75 B M 28 8 VD 7R TR A ALAE, (i CZA +
PR AR I - g FF R 4 BTk R R, 2B R R
FifasE, IR RIf. Almangour % PO RGE T
1 B F= S (2226 J), T CZA Erfikibie, B
A ENENZEEE, WINAIT 2 Hif 25404t
AN B P AR M 2 R TRy, ELIR YT I ) AT f]
MRS IIREB, [RINFES 2 4F, BERWTELE K.
Asfour 55 PVHGE T 2 fiIR PR B LA CZA R
yr, Hopo iz 27 A (920 g), Wk N
e FNER MLAE , A0 s 77 s 22 J T 24 i 2% v T 1A
B, THEHKEDT CZA + 283 R NIhia T i,
KEE B EAS RN 55 141242 28 J&] H 4
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F1 CZATEILERRMEERHERANZEENAERNE
Tab 1 Safety and efficacy of CZA for children with infectious diseases

- . pracy
MR e MR RERE UL Seamzy TR kS PR s wn
(mgekg ') JrfE SR DM
R 13dFE 45 IR (8), X XDR/PDR-KP fodE, ik - 761625, 1 qshivet/ 2 PMEENME, & Gk
% MRG0 (2) HIRIT I CVVH 4 ~38d 1 fiEiRLaE 735
FPREEIRRG (1) T 3125 MUAE, REkA N R 4f
8 2 S
EE 244 PEAA R RTERE PRAUN O RER G, Tl - 50 q8h FR&L - wAm
A (Bee) ISR AT 8 16 il
EEE 3% WO 20 L NDM-1/ A0 % faE S 150/d ivgtt, 10d — wIRE
o A I A TR I [ BE AR
BARA P 20d (Hfk Medihe 7% KPC-KP fomE BEE. £ 7520 % ddivgw22d EMMTEL  E I
HARE L) BB 25/6.5 Raf
BRA 14 % SRR v KP fi — 2500 q@hivaty KA R
EE 4% Atk BB A M #H blaKPC I EAE SR 50 q8h FFLL — & RA
Sk g L blaNDM ZE [}y ¥ 3h14d
FF Ehl itk
EE n¥ Jiti I 22 2 B TR fail i, >k 150 q8h FEEEI - JE WAL
IR E3ni11d m
HH PR SRR il S BRI 5w fEm, R - 50 q8h ivgtt/10 d SRR & ORI
(%27 J8) T T
EEP 168 FEPELT AL ZAFANTE AR EBHR . 2500 q8hivgw14 d - R4
397:) BAER
HifE B 454 RS CR-KP EH — 50 q8h ivgtt/14 d K& o IRE
MAER 174 KWK T RIS R R G FEEIE - 50 q8h ivgtt/28 d — xR
(46% 2B FMH)  PITKE i F e |
Ak T I Bk 2
WY Ry PIZ RO ZEBMRSEY GE i S 62.5 q8hivgtt21 d KKk WY 2 4,
(%226 ) M EZ TEZ Kk
YRR BRREIL WA AR CR-KP fom LHEME 625 q8hivgtt/21 d KR4 & A
(%27 1)
W=l e CR-KP fE FkERE 625 q8hivett/d d JILEFTHE MR
(2228 ) ]
hE 1 IR, R CR-KP fEE — 300 q8hivgtt’3d & o FET
2% JE s g CR-KP — e —  ive/18d G O 204
12% i fes g CR-KP - FH fipgmee —  ivet/l4d K FE <224
0.5 % [ M e CR-KP — — —  ivat7d o FE o824
hE P 78 PR BEARAS LN 4% CR-KP + MDR-AB f&.5 frEsn 1500 tid ivgt/15d G FE S22
3% B kAR 2 S CR-KP fail - 400 q@hivgt/8d ¢ FE S5
15% ATENREL CR-KP + CRPA  1E% FRFRA 2500 tidivett/od  CxZIE FE S8
2% it IR CR-KP + MDR-AB f TIMIE 2500 tid ivett/11d JETH G

(925 ¢), ZWirNHEIMAE, MmE;FEH KPC-KP, T
CZA +BPkRAE, QIRIFERFRIIME, (AR
Bl 25 Fe 46T, Chen %5 PV 4138 4 4 FF%
HEIL(05% . 1%, 2%, 12%) 3% CZAE
J¥ CRKP & 3R Hs, 3 B3aI 7 mih, 14K £ 4%
BREWRALT, UL CZA VNP A 3% CRKP
Y ) — PP R IR )T, BIESE P RIE 4 R
U CZA Xz DR B R G & T
CRKP [ i i 35 S i R 2 I e AT R4 A lfe PR

ROR, U] CZA 4 2 % 3 it ] T 6 5] CRKP
BT, HaetEE.
4 AR

CZA X 255 2% [P A 3L, RS whdtt i
EHAJUE, (H—SEEC S T CZATHZ5H,
TEWF 2. EPFRIZ5 W0 ( International Network For
Optimal Resistance Monitoring, INFORM ) 4Bk Wil
], 2012—2015 4K AT CZA T 254K,
AT N 1.0%, PA N 7.4%, HP7edEEEiniTiE
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it 25 R e e ik 3%, 2% [ PA i 25 R dc i N 16.9%,
el 4 JE BN ( MBLs ) AKX CZA it 253
BN 98.6%M ) 2015—2017 4F W ik 75 25 M 25 i
A T, CZA X% K i 24 B i 2458
27%, X MBL FHPE R TCRL . 5 o Ji it PH PR (H
MBL B B Bk X5 CZA i 25 % M 2015 4 0% | Tt
2] 2017 4 0.6%, Wk 7 5 M BB H MBL B M
PR 2017 4E X% CZA T 25 328 6.3%, Bk T 2 M it PH
P4 H MBL FHPE K 2016 4EF1 2017 4EX%F CZA it 24
&R 100%™, & [F 2018 4 CHINET %1 75 CZA
253N, CZAAE MIC 8 mg « L™ " I} ECO Tif
255 4.5% . KP 255K 5.3%. B8 I 1 1 Tid

2 %8 85.0% . PAT 245 %0 11.5% . CRE T 24 %
H30.3%, 7= blaKPC 43 BAR AT CZA Tif 25 Ik
(< 10%), {HKZ blaNDM 4> Bk %T CZA Tif 25 %
ik 98.2%, CRECO it 253 4 90.0%, CRPA 2%
H 35.7%, 1S AN BT 25k 84.9%, CRAB
it 245 & 5 98.8%*; 2021 4F CHINET %% #& ™' i
7~ CZA X JLEE Je Wi N A 4085 1 KP 1 25 285351
22.5% I 6.7%; %} CRKP [ it 25 % K 11.1%, Xt
7 KPC 8, OXA-48 Fikk 100% UK, 7 NDM [ #k
252 100%, %48 iﬂﬁn%’ﬂﬁﬂﬁfﬁiﬁ 1.7%, Vb
HHE 3.8%, JLE KNS ER PA T 25K 535
5.7% M 5.5%, CRPATZ53%H 13.9%.,

2 CZA WEMEE R (%)
Tab 2 Antimicrobial susceptibility to CZA (%)

AR A0 1R 4 PR B R

[GE) 7250

s X . WFTE BFTE (& OSBL+
TR

AmpC+)

okt
MDR/
( MBL- ) (MBL+ ) ESBL+/ESBL+ XDR/
CRE

JAFFEE (W PAtT e . e
HEME MEY ECO o

ECO
MBL- H
+MBL-) B+ ( ) Fr

WICHINET
(2018)
WICHINET

(2021)
FIINFORM 4 K

I

g - - - = -

99.0 97.9/ -

BRI
(2012-2015)
INFORM 4 2 [H
BRI
(2015-2016)

99.9

99.6/

98.9

99.3/
97.6/
97.5

YIINFORM 4 £k
BRI
(2015-2017)

95.9

99.9  >999 99.5 998 — 989

>999 - - = = = =

99.8

A5G AR 24 Bk S A

N e i M
BOCH SR e ke b Kp

L I
MBL- § MBL-

Yikea)7] KP-

it 25 PA" (£

Hfle HAbf
CR- OSBLA/ESBL+/ PA-MDR/ o
CR-PA JiFT AT
AB GSE+/MBL+/  XDR

Hi® MBL-
KPC+)

AB

WICHINET
(2018)
WICHINET
(2021)
WIINFORM 4= Tk
BRG]
(2012-2015)
"IINFORM 4 E  — — —
BRI
(2015-2016)
"INFORM 4 4Bk  — - - - - - -
BRWEI
(2015-2017)

mE - - - 94.7

mE - — — — 225

983 —

999 — -

15.1 1.2 86.9 - -

92.6 96.1/66.7/21.1/ - -

100/1.4/100

89.3/80.4 760 — -

Dai %5 P T8 M L85 5% 40 B H B T 1 R4
P FIPA, CZA BN 2588 2.31%, i wikl
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W5, B UARIEAE CZA SRAL 2w, A EH LR
# ' CRKP X CZA Wy 2515 0L, 4t 23.3%CRKP
X} CZATHZS, BREFHE B MM RN, XK
2R NYUE 290 A = R 250, F WA L
it 58 FUMCINAE , R 280k s A LS &g . R
72 AR A AR R A7 A R T R 2 - ST
Wi 2897 H K, Tt CZA BY CRKP 41 % b >k & |
WG R A2 S R IR VD B AT 24 R A T X
CZA %) CRKP 4. FTAa i CZA f#) CRKP 43 &5
PRI A T o 75 A I B R, R L blaKPC-2 Ry
I, H K JE blaNDM-1 F1 blaNDM-5, [R) I} % FH £
B EHI I AR (mLST) %A w74+
WAE2E N, SRS 8 DMANFEAY STy, KPC-2 BH%
i) CRKP J& T ST241. ST37 1 ST11, i NDM-1 45
ST784. ST1710. ST37 1 ST324, NDM-5 [HEA
STI1419. [RIEFIER &I T HAll B- NEERERGIEN , 15
blaSHV F1 blaCTX-M™, {H CZATE 201945 H 7
1E R E B IR RPURISAYY, ZAiJoHiE L
Bz id CZA YT, L BT 25 M AR BT AT
CZA Z3WfiH, B Z B B ERE T Be AR oT Hp
i CZA T 245 CRKP 73 B bR — P EZE R K, AL
PR R it AT T W A A, AR Lk
MGETA LB 6 CZA T 21 CRKP 4kSAL4%
5 ZeMHR

CZAFEJLE IR A, M TFILEAR
FE (AE) HGEAZ, W WLEHEA RN,
METE . W K i — 300 1T 3 BE LR BB 5T B,
CZA 5 W igme e HAS R R &A% 52.5%,
AR (14.8% ). FRREBAIFRIK S (6.6% ). IMLIE
i (4.9%); SEDREREHA RN EAFH
59.1%, HULARKAE | RO, B s 280 R NS,
{HEES I REme A 4/61 1] (6.6% ), 5% Bipg 4
122 151 (4.5% ) KAEEARRN, HEARAR
SN F BRI 23 peT a5 2 . o —3i 11 I R
HUXF HRIAEE ) O RSN & A 53.7%, Horp e
ANRFM (SAE) KHAR 9%, UnfEHREI R . (L
Bohf . MR . O sl AR R4S 1
B, 2k R A 2 B, Tosifidis 25 " i 3E CZA
SRR 20 B AF, KA SAE, A 2 B4 JLTE
i CZA 48 h N EIA IREEILE &4, TXHER
J7JEEEE . Esposito %5 P RiE CZA JAYT 8 d i HlH
FE i/ AL, AR S R N . Coskun %5 P2
il CZA BT 3 dJa M EIRME, (H K IE5
A PR AT 5 R PR AR R0, 15 CZA 5 d
PIPRABZHIE A . 2255 WU HGE CZA JRYT HhAHE
FIAS R RN & A SR, W s . B B RN
FFIIRESH . CZABER AEWRHITF, 240,

12524 J SRR T e A 2 A AR
6 INESRE

B AR B- P TR I SR BT 4 1, S8k
Ffh g & 7] X 4245 ESBL., KPC. AmpC. OXA-
48 TENVFZ 7= B- BN 1) 4 24 FC PR B = A 1
P, {H CZA X IMP, NDM. VIM &% H.{t OXA %
BRI ICTEPE

HETAE 34 H LU 09 83 b R g it o (8
CZA, (HAEEHRE L CZA ] Gy v 5= LN
PDR-KP 5| ) cUTI. B4k, CZA Al 5% i Fg Bk
AR, AIT ™ MBL T 255 51 A9 Y. CZA
R NFULE AR et | IR FIAE 7%
LA N T LA b e T
CRE /& 19 50 H, X CZA ¥E47 PK/PD 4k, ]
R IE K FR A AT (ST . TMP/
SMX ., R, BIMHE., Z2FHEE), il
R AE RS, DLRE N 250 B, FRAT
AR 24 O AR YR e CZA SR 259
R Z PR g ss 7 5~ ESBL AT H A1 PA, X
F MDR #: 2% [C 94 B R e A B PR 25 170 S8 3% ik
CZA W] A2y 7 1, I H AR VE A —Fhsi ik
B R 0 HARHERS, (HA 75 arBE I Rk
e H R BEAILX BRI BT DIPEAL CZA B2 4tk
R, LA E7E MDR-GN B LB A B rh e £
CZA BT B R i L 10 I6 7 AL [m1I6 97 ik,
EETHE R JLE PDR 4 BB VAT HE

SEH

=
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Prospect of individualized administration of Bruton’ s tyrosine kinase inhibitors

AN Shu-run', LUO Xue-mei’, YANG Xiao-xuan', HU Mei-ling', ZHOU Yu-jie’" (1. Nanjing Drum
Tower Hospital of China Pharmaceutical University, Nanjing 210008; 2. Department of Pharmacy,
Nanjing Drum Tower Hospital Affiliated to Nanjing University Medical School, Nanjing 210008; 3.
Department of Respiratory Medicine, Nanjing Drum Tower Hospital Affiliated to Nanjing University
Medical School, Nanjing 210008)

Abstract: Bruton’s tyrosine kinase (BTK) inhibitors are new drugs for the treatment of B-cell tumors,
with good efficacy, few adverse reactions, and increased use in recent years. However, patient
intolerance to drug toxicity still seriously affects the use of BTK inhibitors in clinical practice, and
how to administer and monitor the whole process remains constant concern in clinical practice. The
development of individualized dosing regimens is based on the therapeutic drug monitoring and
genetic assays. This paper reviewed the pharmacokinetics, dose adjustment, blood concentration,
gene polymorphism and adverse effect of BTK inhibitors to provide reference for the establishment of
individualized dosing regimens.

Key words: BTK inhibitor; zanubrutinib; ibrutinib; acalabrutinib; orelabrutinib; individualized

administration
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Tab 1 Influence factors for pharmacokinetics of BTK inhibitors
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Tab 2 Genes associated with the BTK inhibitors
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CXCR4. MYD8S WM X4 CXCRAWHIM F1l MYDSSL265P B, MYDSSWT i Ey 73l 2% [31]

CXCR4 WM TSGR I 8 ELA B IR A 2 Sy R A B e (T e 2 A 40 [32]

CYP2D6 CLL CYP2D6 3K Z2 5 AT iR 5 AN R OB I & AR AT G [12]

Fi-RE e CYP344 / CYP3A4.11 (75 CYP3A4.1 (1) 5.95 %, i CYP344.9. 14, 16, 19, 23, [17]
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A TENRIR TP T EEA KT AR, B3 (A ]
AR 25 2 A BR T 38 2o S PR Y (R AG 3 - 24
PIRERs, T AT R S TDM.,  H iy ek ik
ZINIFFE R, TR 259 TDM, AMUA B
THERIRRE A 2570, MR T RO . ™
EARRNIRAR, BRENSHE R B KA

PITEIFSR 0, 2H—AX BTK 0 R 0 A B e
BYAS B 5 25 Wk P J 2B AR OG, X4 R el T
DA B i 259 B W A R, DA D RS R
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Research progress in electrochemical detection of ascorbic acid,
dopamine and uric acid

XIA Yong-hui"?, LI Guang-li’, HU Chang-ping'" (1. Department of Pharmacology, Xiangya School
of Pharmaceutical Sciences, Central South University, Changsha 410078; 2. Zhuzhou Institute for
Food and Drug Control, Zhuzhou Hunan 412011; 3. College of Life Sciences and Chemistry, Hunan
University of Technology, Zhuzhou Hunan 412007)

Abstract: Ascorbic acid (AA), dopamine (DA) and uric acid (UA) coexist in the human body as
antioxidants, neurotransmitters and protein metabolites, respectively. Abnormal levels of AA, DA and
UA may cause many diseases. Quantitative detection of their levels is important in the prevention and
diagnosis of related diseases. Electrochemical detection has low cost, fast response, convenient use,
good sensitivity and selectivity, which is widely used in the detection of bioactive molecules. AA, DA
and UA have high electrochemical activity, and are suitable for electrochemical analysis. However,
their oxidation peak potentials are very similar, so overlapping peaks are easily generated in the
electrochemical detection, thus interfering the detection results. To solve this problem, domestic and
foreign scholars have developed different electrode materials to improve the selectivity and sensitivity.
This review summarized recent advances in the individual or simultaneous determination of UA, DA
and AA by electrochemistry.

Key words: electrochemical detection; ascorbic acid; dopamine; uric acid
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NENBTIRIER (ascorbic acid, AA). ZH
fi ( dopamine, DA ) FIJREZ (uric acid, UA ) 7K
TSR BES | & B . SRR . R AR S
AA . DA F1 UA S EA & a0 (WA 1),
e E A AbAR, BN G R T 4R
BAE AL AR AR X AT T o . SR
EATR AL AR S AL, H A2 i A
CINEV A0 2 1 oL Nt 7/ (11 = N (R DE= R E:32:)
M FEE Y, R IR R IE EAT] A K
AAFAEE E A, ARLER RS DA TR LR
s[RI AA . DA 5 UA IWFsE b, =%
IR TG R SRk R SHEAY
SRR AA. DA 5 UA IR BE

K1 AA(A). DA (B) FlUA (C) MR SN
Fig1 Redox reaction of AA (A ), DA (B)and UA (C)

1 B{Z=smiei AA. DA UA
1.1 EA0 AA

N A A YE 2 ] RE #0140
M, #EmSI LKA . OB . LR SR E R
e B teAh, FERDOE T I ERE RS R B
RN A AT = A B 3 BT T E AR
HROF H FH R L A SR A SN . AA JE—FRE DL
FIPLEALR], RIFEFET R mh, WHEET
B, FriE . . BRI GO IR
BRI AA ZKPXFFHEHIAR P AA KB XEHE,

Song P Hy & T 4 4 kB T/ EH AL A4 &
W2 A% (AuUNP/GO) Y HLIL AL FE & T
I R 4k A= 2 C F FLIAL 3 P AA R . AA 1Y
LOD A1 & 43 5>~ 0.11 umol = L~ ' 1 101.86
BA *mol 'eLecm ’, REER.

Puangjan %5 ' p D IF & T X AA AL E A
AL ALIE PR B R /MnO,-Sb,0, &M I 42 A L5
( PANI/MnO,-Sb,0,/FTO ) Hi#. H T PANI/MnO,-
Sb,O, A1 U PERE RN @5 () R A, PANI/
MnO,-Sb,05/FTO HA7 H & 1 A fLIg L i, LOD ik
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% 0.062 nmol * L~ ', KT 0lfbEE / ZBERRAKAE
AR (MgB,-MWCNT ) Ak 15 gt fig
AT AARM ™, LODH 1.3 pmol « L™, R &
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FreiThm, ARk (GCE ) FUE e Al 4 i 37t
PI2RAK, X FEEH T AATE S pH Sihfi A
AR TE Y,
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4 U445 S8 Nafion-AgCI@PANVGCE & i HL 1%
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Sy HA 2 X

BRI R — PP e AR, B LR
WL R AR, SRR O S RN JEORMIG R
SR Du S PR A R0 16 1 ik 4T 4k
W (GE/CFE) H & T —FhEfE . R4 H UA B
2 AL RS . AT A B A SR 0 A8 T 4G I UA
et s, HAEPEMEG . REUE R, LHEEH
R B A N AR T 0 B = RS )
BBl 0.194 ~ 49.68 umol * L ~ ', LOD 4 0.132
pumol « L', Wu %5 PV & J# T 2k Ce0,4AGO &
BB R AR, TS T LT R A UA )
R, RAEUE R, ZPEEREA 0.1 ~ 20 pmol-L ™',

LOD & 132 nmol * L ', Batumalay % " i, 1fj #4
HTRTIEDELT (POF) 1 UA HALSHG RS-
B ZnO BifiHEIE POF Kl UA 1) R 8% F1 LOD
5124 00025 mV ¢ pmol ' e L1 5.6 pmol < L™ ',
FAE MR ZnO K POF £ I UA f) 2 4 B 1 LOD I
535124 0.0009 mV * pmol '« L #1189 umol = L ™',
2 HBUAZEEREN AA, DA F1 UA

AA. DA FI UA & 47 T A Ekm, ef1E
HAEF MR RN (0.2 ~ 0.4 V), T4
K, EWIMIFGEE T & T ZFh e B A A AL 520
T AA. DA 5 UA B[R BHASIN,  A SCxF H A7
PSRN /=

1 BUFERERNGN UA, DA 1 AA BN EERT L

Tab 1 Performance of electrochemical sensors for simultaneous detection of UA, DA, and AA

LOD/ (pmol = L")

MV / (pmol = L™ 1)

LA Sk
AA DA UA AA DA UA

PYGE 0.15 0.03 0.05 0.15 ~ 34.4 0.03 ~ 8.1 0.05 ~ 11 31]
MNC 0.01 0.001 0.01 1~ 700 0.001 ~ 30 0.01 ~ 80 [32]
NrGO/GCE 9.6 0.1 0.2 100 ~ 4000 1~ 60 1~30 [33]
3D-KSC/CCSBP 660 4.6 150 1980 ~ 6000 14.1 ~ 100 450 ~ 1200 [34]
MWCNT/Poly-VA 35 45 1.5 5~120 5~120 5~120 [35]
SPGNE 0.95 0.12 0.20 4.0 ~ 4500 0.5 ~ 2000 0.8 ~ 2500 [36]
PCF 2.90 0.04 0.03 10 ~ 570 0.1~938 0.1~98 [37]
PANI/GO 20 0.5 0.2 25 ~ 200 2~ 18 2~ 18 [38]
Au@Pd-rGO 0.28 0.02 0.02 1~ 800 0.1 ~ 100 0.1 ~ 350 [39]
GO 0.7 0.1 1.0 0.7 ~ 100 0.1 ~ 400 2 ~ 600 [40]
rGO/ZnO 3.71 1.08 0.33 50 ~ 2350 3~ 330 1~70 [41]
Pd/CNFs 15 0.2 0.7 0.05 ~ 4 0.5~ 160 2 ~ 200 [42]
CTAB/AGO/ZnS 30 0.5 0.4 50 ~ 1000 1.0 ~ 500 1.0 ~ 500 [43]
NG 2.2 0.25 0.04 5 ~ 1300 0.5~ 170 0.1~ 20 [44]
MWCNT-FeNAZ-CH 111 1.05 0.03 7.77 ~ 833 7.35 ~ 833 0.2~ 833 [45]
GO-PAN 50 0.5 1 150 ~ 1050 1~ 14 3~26 [46]
HCNTSs 0.92 0.8 1.5 7.5~ 180 2.5~ 105 6.7~ 65 [47]
PSFM 0.006 0.08 0.1 0.5 ~ 1300 0.05 ~ 470 0.2 ~ 100 [48]
Ag-PLV 3.0 0.08 0.08 10 ~ 1000 0.5~ 10 03~ 10 [49]
AuNPs-3-CD-GR 10 0.15 0.21 30 ~ 2000 0.5~ 150 0.5~ 60 [50]
CNT NiNC 2.0 0.1 0.4 1~ 45 0.3~7.0 1~ 45 [51]
NiHCF/PDAN 0.04 0.03 0.04 600 ~ 1000 600 ~ 1000 600 ~ 1000 [52]
AurGO 53 1.4 1.8 240 ~ 1500 6.8 ~ 41 8.8 ~ 53 [53]
rGO-Ag/PANI 0.5 0.2 0.2 20 ~ 50 5~ 200 20 ~ 350 [54]
LaCoO, - 3.53 — 05~5 5~ 50 05~5 [55]
CNF-CPE 2.0 0.04 0.2 2~ 64 0.04 ~ 5.6 0.8~ 16.8 [56]
CDDA 1.43 0.29 0.02 5~ 240 5~ 280 0.1~ 18 [57]
Nafion/AuNPs/AzA/MWCNTs 6.0 0.01 0.03 300 ~ 10000 0.5~ 50 0.5~ 50 [58]
Fe,0,/fGO 20 0.08 0.5 160 ~ 7227 0.4 ~ 160 20 ~ 212 [59]
rGO/AuNPs 5.7 0.69 22 0.01 ~ 1 0.1 ~ 100 0.1 ~ 100 [60]
Poly-DY/GCE 0.02 0.004 0.05 15~ 80 0.035 ~ 2.5 02~27 [61]
HNP-PtTi 17.5 2.8 5.7 200 ~ 1000 4~ 500 100 ~ 1000 [62]
AuNPs/P ( PDA ) -GO 1.76 0.02 0.16 6 ~ 2400 0.05 ~ 100 0.5~ 150 [63]
PdAUIGO 12.5 2.5 0.75 12.5 ~ 700 2.5~ 66.3 125~ 73.8 [64]
MoS,/PEDOT 5.83 0.52 0.95 20 ~ 140 1~ 80 2~25 [65]
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Joshi %5 P il % T & A A FLER A1 B (MNC),
TE pH 6 554 T LI T DA AA FI UA B[R]
K (ULE 2), MNC B4 L X DA, AA Fl UA
PRI B AR, TR S bR R
FXT T AR R EHE K. DA, AA 5 UA 515
FE 276, 47 F1395 mV Ab A 2 A AR . MINC
B A SRR A L5, N 78 Hh & 3w
|9 MNC EZEHIE DA, AA il UA AL g
P, HERmBUE N TR TREER, JrEE
WA T B IRPERE B, MINC % DA, AA Hil UA %84k
HA IR, LOD 4424 0.001. 0.01 10.01
umol * L VAR 98% ~ 105%. Zhang % [33)
PR (PR ) 1 rGO B AWiS A B A
A1 B (NrGO), NrGO 7E [A] Bif K6 1l DA, AA Al
UA B e B0 H A 5 145 P E, LOD 43 %1k 0.1,
9.6 F10.2 umol * L ™', Peng %5 P & J& T —Fp I T
A EARAK R/ = 4k 2L A ik R H A2
s, [N DA . AA Fi1 UA B9 LOD 4351 K
4.6, 660, 150 umol * L ', Stankovich % " D) J&
D= A AT R 2 4 T D RE Ak 22 BERR AN KA 1 TR
BERE, WEISEELT AA . DA Fil UA () [RIEHRGI (76
5~ 120 umol*L ™~ " P), H'EATAY LOD 4314 3.5,
45F 1.5 umol « L',

K2 MNC KA@Mk R AA, DA HI UA
Fig 2 Schematic representation of MNC sensor for simultaneous
detection of AA, DA and UA

A1 BB N HAT AR 0 GO vGO i & It
Bz T AL R R AA . DA 1 UA B
5. R rGO, EREMSMMEE S, B
PLE ALK AA . DA FI UA 5T ERE . 15
A6 R 2 25 e I IR B A AE 4 I T rGO 1 HL f 2
B T TG T IR TAE, I H Ak 2 A6
AA FIl DA WL 25 T AT RERG M RE . A AT A

2872

Hummers F1 Offeman 7% il % 1~ GO, #RJ5i# 17K
A HHAFEASE] vGO, W T BN 2 DA,
BIFERL i AAFFFE T, B0 AR ATI SR BE e BEVE G
M DA, MAZ AAWTIe. MATIN R A7 8506 X
DA Fl AA [ X 43 %0 1T B8 I PR DA Y 05 B 45
FA) RN A S50 ) — 48V 1T 7S Ff B 435 440 2 18] 1) - 4
HAERMEDE T P2, 1 AA FLG 8806 17E
55, HAEALZEI0H . AR Y T AR
A A B (CR-GO ), Mg 7K £+ H bk
YT ZIitem b= GO 6. i, S5#d
WAL, CR-GO I REAS B B &L AA. DA
FUA A e s, B iR ek hisi i
Ui, KU CR-GO A F| T2 i 7 A% B A T Y
.
22 A B KR

G B AKRL T (MNPs ) B A i S i AL M
J, FE TG R TR N R %
MNPs 38 5 XF HL B 2 11 15 1 1 & P sk 2212 1 FEL Ak
SER R AR R AT, P Y A
R BTG . AHE Z BTN, © A R A
AA. DA 1 UA WM Bl Z —. AR ERET
TERAL TR ET4E ( PA/CNFs ) ¥ 9904 PtTi &
4> (HNP-PtTi) ' %A/ 47 B4 (PYGE) P44
J@ AL 2R AL AR5, EpH 7 (0.1 mol « L'
PBS) Hr[A B4 T AA. DA 5 UA. DPV 4%
F B, AA. DA. UA 7E Pd/CNFs I i Ji U H 37
e, HeMzmpyE bt a8, UA-DA
WEMEIEE (A Eyaps) F1 DA-AA IR ( AEp,an)
f7 148 i1 244 mV™, AA. DA Fil UA 14 £k 14 i
T FE 4y 3R 0.05 ~ 4. 0.5 ~ 160 F1 2 ~ 200
umol « L ™", #H % i LOD 43 %Il & 15, 0.2 1 0.7
umol « L ~ ', Zhao %5 1} HNP-PtTi X} AA. DA
5 UA & B 2R T IR 45 2 e gl FLE5 A8 Ti Al
Pt (B EBEIVE AT, MTA RS L T X 280 i ¥
e B P I i 9 X 28 431 7E HNP-PtTi 2 1] A9 L fif
R WK, HNP-PLTi A9 P[] %00 (75 AA . DA
H1UA () LOD AT, 50 17.5. 2.8 #15.7
umol « L', Sun %% PV & ¥ PYGE & & 1& 1 vt
X AA. DA FIIUA /Y LOD & ik, 43 % 4 0.15,
0.03 F10.05 pmol=L ', "B THY R BUE F5i5 0.3457
0.9695 F10.4119 pA » pmol '« L. SZIGZE 0],
55 Pd/CNFs Fil HNP-PtTi #H L, #4%5) 50§ PYGE
S EL A S AR S

A 2 /ZnO FA 55 M5 /ZnS &2 A 18 i L 1
fEAE 0.1 mol « L~ ' PBS F1 [a] i} 4 1] AA . DA FlI
UA. Zhang %5 "' % B rGO/ZnO & 4 F 1% [R] B
I AA . DA F1UA, H- BT 5 1 06 3 i vl 9,
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AEpsan AEgsps AEUA-AAﬁj\ B K236, 132
1368 mV., AA. DAFIUATE 1 ~ 70, 3 ~ 330
H150 ~ 2350 umol = L~ ' PN 48 Ak U H, 37 it e 3
e PERE I, AA. DA F1UA B9 LOD 435
3.71, 1.08 F10.33 umol » L ', rGO/ZnO ¥ Wi 1
UG LI 2 T B AY rGO, X FEEH T ZnO B K
T rGO LR AL, i T X e G P TR
T 55 R Yang %5 & Bl CTAB/AGO/ZnS %t
AA. DA Il UA HA RIFmfEfetEae, seARX
S =FIEARIE, S HI7E 0.06, 0.21 F10.30 V ik
H BB S IR N . AA . DA FITUA 1) LOD 43
430, 0.5 F10.4 umol « L',

B SYB it nl HF AA. DA FI
UA Y [A]BF 4G, Deng %5 PV ZEBR 4K (CNT)
rhg | AT S RS, N T AA. DA FI
UA 7£ 0.1 mol * L~ ' PBS (pH 6.5) H1 L, T4 748
R, B89 LOD 43515 2.0, 0.1 F1 0.4 umolL ™',
Hathoot %5 P A4 T /N HUIEERRREL / B 1, 5- &
FLZ (NiHCF/PDAN ) £ 0.1 mol * L~ ' NaCl A %}
AA . DA FI UA iR ALERE, H&E &850
AL T PR AR 2 R Y 10.98 1%, Hix A BRI
WECE 2] LA RS IR &Y nH 3%, it
T3 5 300 oV P L fmr A A o

VLA, 3k F 4 ulf 250 10 A4 ek [m] Bsf Gz il
AA. DA 5 UA WG| T ENIMFE B4 Fin,
FTF AurGO FIEYIKRRLT / R BN - Afbfr
J# [AuUNPs/P ( PDA ) -GO] iy HL b2 A 1 s B> &,
JE T T AA. DA 5 UA ¥ [A] B &l . Wang
2 BN Au 44k 25 44 Al vGO =22 [8] () B ) 25
AL A L2 DA RS . 1GO 402K i e 46
P FE GCE R AL L — )2 M X5 i, A
AuNPs 4 R A AR AR IR AT PR ) i
A RITFAE rGO 9K Fr R ATE WL R SR &
Gk ERIR Au 4K AR R G K AurGO [EER
ARG AL, TGS YT AA . DA 1 UA &
AL HERE s Au/rGO & A 16 1 L F [R] R G 0
AA. DA F1UA ¥ LOD 43 5l & 0.51, 1.4 Fl 1.8
umol « L~ "™, Wang % 5 £, S5# GCE
fH Lk, AA. DA #1 UA 7 AuNPs/P (PDA ) -GO
A BT EE R I 34 3R B R R B AR A L
=N A= R A |2 RN 7 91U VA - S BRI K 2
A B AuNPs/P ( PDA ) -GO & & MHRHgG R T
AA. DA 1 UA B HAL22E AL . AA, DA Fll
UA 5 LI 3 B TE 6.0 ~ 2400, 0.05 ~ 100
0.5~ 150 pmol=L ' PRty & S LR MRS TN
H.LOD 43514 1.764. 0.017 1 0.160 pmol =L ',
R4 Au, Pt 5t 4 J& 48 K A1 L X AA . DA FlI

UA AR BT, (H A% B8 il i hli A
e P B PR T SRR
23 SEEAY

SFHBEEYHA LT L8 0 T,
I T A E AA. DA R UA HL Ak 2% 15 R 2%
Manivel 25 P* 1 Guo 45 P4 70 91l & il T WA e /A
b 805 (PANIGO ) FIERIERE /Ag/ B A AL A
AR (rGO-Ag/PANI) B &KL, IR BTN
T AA . DA Fll UA [ [7) B} %5 90l . Manivel 25 B* B
FEAEB, TEPEERR (pH7), AA. DA fil UA
£ PANI/GO 16/ LA 110 i) 17 g R 378 HE AR FRL A 2 7R
%, PANVGO EA MY i b R AL, feA &om
A5 R T T 1G58 A ) e B {55 PANI
H1 GO 8] - A EAE B E 2% T PANIGO
AAER AR YE U % H B, AA. DA fil UA
4y 9 4E 25 ~ 200, 2 ~ 18 12 ~ 18 pmol * L ~'
N EA RIAYZEm N, LOD 435124 20, 0.5 F10.2
umol * L ', Guo % PYHF 57 rGO-Ag/PANI X} AA
DA 5 UA W 1L 1 GE. AgNPs HA i 5 il i 1k
AE )RR R R, FEAR IR AZ B2 6
o PEARAE, BARMRAURATBLEA YRR BE
FiasR L fE V'Y, AA. DA 5 UA 7E 1GO-
Ag/PANT & i L L R U8 1) i o7 068 FL 37\ 28 348
i, IFESE T 1GO. Ag Fil PANI (9 BhREI1EH . Zhang
45 B0 LB ZnO Ml GO &2 4 fig i 35 18 K b2 00
PR, FEMmETE AA. DA UA RN AU
AA. DA. UA 7E tGO/ZnO 1& M B A% () i Jo7 3 22
EHT AA EALVEER AL . DA HRLASEM R
A S ARIE B, LA K UA 38 i 422 00U 7= A 12
ARG KR RS54 T Fe,O
rGO® | PdAWIrGO™" #1 rGO/AuNP*” M, 4
AT B AV GO H I AA, DA 5 UA Y
FAIERIA R, SRAHIRE LOD FITE MLt
il AL, MoS,/PEDOT 16 H bt REAR -l 73 9%
X 3 AT R E AL, AA. DA fil UA 1) LOD
J39h 5.83. 0.52 F10.95 pmol = L~ '
2.4 Fi AR

PEAEN, BF9Y A BL R IS e E Wl 1E %
JEHRESZ I AA . DA FITUA B [R]EsH A6, 4 4,
Priyatharshni % "' 1] ] ABO, % LaCoO, 55 %k #" #1
BHE pH 4 HRIBHIE T AA. DA 1 UA, LaCoO,
164 F A BE AT 25070 5 AA. DA HIl UA 1Y 48 1L Ik
X 3 Rl o XA HAT B v ) R, AR iy v
I 05 ~5, 5~50H10.5~ 5umol « L',
3 ZieE5RE

AR, HALFIIE AA .