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Preparation and in vitro anti-inflammatory evaluation of sinomenine nanoemulsion
co-stabilized by Bletilla striata polysaccharide and glycyrrhizic acid
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Abstract: Objective To prepare sinomenine nanoemulsion (Sin-NE) co-stabilized by Bletilla striata polysaccharide and glycyrrhizic
acid, systematically characterize its properties, investigate its stability and drug release behavior, and further evaluate its anti-
inflammatory effects through in vitro experiments. Methods The Sin-NE was prepared using the ultrasonic emulsification method.
Its morphology, particle size, polydispersity index (PDI), and { potential were observed and determined. Optimal formulation
parameters were screened via single-factor and orthogonal experiments, followed by formulation validation. pH value, turbidity,
viscosity, encapsulation efficiency, and drug loading capacity were measured. Stability was investigated under centrifugation, storage,
dilution, and heating conditions was evaluated, and in vitro drug release behavior was investigated. A RAW264.7 cell inflammation
model was established to validate the effects of the Sin-NE on nitric oxide (NO), interleukin-6 (IL-6), and tumor necrosis factor-o
(TNF-a). Results The optimized formulation comprised 3% Coicis Semen oil, 0.5% combined emulsifiers, a 1 . 9 mass ratio of
Bletilla striata polysaccharide to glycyrrhizic acid, 10 min of ultrasonic treatment, and 325 W ultrasonic power. The resulting Sin-NE
exhibited an average particle size of (145.30 + 2.35) nm, { potential of (=39.51 % 0.43) mV, PDI of 0.095 + 0.022, and pH value of
3.990 + 0.033. Encapsulation efficiency and drug loading capacity reached 88.78% and 26.14 mg/g, respectively. The nanoemulsion
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demonstrated excellent stability under centrifugation, storage, dilution, and heating conditions and displayed sustained-release

characteristics. In vitro, it significantly inhibited NO release and effectively reduced IL-6 and TNF-a levels in inflamed cells.

Conclusion The Sin-NE significantly enhances sinomenine’s bioavailability and anti-inflammatory activity, providing experimental

evidence for developing novel traditional Chinese medicine nanoemulsion formulations.

Key words: Bletilla striata polysaccharide; sinomenine; glycyrrhizic acid; nanoemulsion; anti-inflammatory activity; ultrasonic

emulsification method; interleukin-6; tumor necrosis factor-o
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22 BEREENESRZEMNEL

221 0P RRTA TR I EC ] ORGSR RO R
fIE R, N 10 mL AR, InaoEE, #s,
ERBZIE, #B5, AR EIKEN 100 pg/mL 1)
PONIGRTIN S

222 HHASERAIECH] R % R Sin-NE & &,
TN B AR, 0.22 um SSLIEBIE 5, BT
10 mL &, MOREES, EAR AR ER .
223 HBRBER KWK T R R
RN 5 mg, MMATG/K CEERE S, FHIGK R
EARAE 10 mL, FHERSMPEEETHE 200~800 nm
AT PR, W€ F R SRRSO K
295 nm,

224 LHRRFER KX EGER SRR
1.0~ 1.25. 2.5, 5. 10. 25. 50. 100 pg/mL, FI%%
AN I EETETE 295 nm NIE RO (4) fH. BA
AMERNPAAR (Y, JREIRENMEALSR (X T4
YRR, 1525 MRS 7 Y=0.004 7 X—
0.001, R2=0.9993, Z&M:JElA 1~100 ug/mL, 45
RR T BRI E R M VE B N MG R R AT

225 FEEREEE M1 REIREN 80 ng/mL
(1075 TR RN HR VA, R FH RS- ] L4 e e FETHAE

295 nm P FIELEME 6 W, WE 4 #, HHL
RSD, FHHHIEHEL. 4R %R RSD N 0.30%, /)
T 2.0%, TIZAUIHEEE RIT.

22,6 FEMFEH FEEHRI &N Sin-NE, 1%
“2.2.27 TR J7VERCH T BERR B IR BN 80 pg/mL
A SIS, 0 THE )5 04 24 44 8. 12, 24,
48 h 3 I E HAE 295 nm () 4 18, i1 H RSD.
255 RSD A 1.53%, 45 1% 4R Sl
48 h IWhaE M R AT

227 HEEMHEE 6 Hr-FATH] & AR 5
W, A3 AAE 295 nm K TFIE 4 H, HEHE
W RSD A 0.52%, FZ7iEEE MR
2.2.8 IFEEIWCEREFE R KSR 3 4 O R
JERIRE N 50 pg/mL ) Sin-NE ¥ 2.0 mL 4353
BT 5mL &ilfH, SakEENAME B SiRE
TR T RO RS VAR (SRR E 4 31 104 50,
100 pg/mL) % 2.0mL, VAAEEMBEZZIE, R,
FAMFEREES 3 K. ££ 295 nm FK FNE 4
B, FEHEINFEECR . B T IRE B
4 98.01%, RSD A 1.64%, 45528 1% 208 ik [m]
W R AT

2.3 BERXWTHIE Sin-NE &7

2.3.1 HAHFAHEMTNE  EOUTIME A, AR
[) FH 2 P 8 AT (AR 0N 1% 2% 3% 4%
5%) fill % Sin-NE, PAAMWL. Kife 2 2 #de L
(polydispersity index, PDD {ERVFAFRAE, §iiik H
FIEMALTT, #5207 T, HARGE R LR
1A 1o AR A R, Rk, NEREE it
SE IR FL s A S &, FLIBER T A T,
AR R AR, ELBEAE WA =, RifeA
BRI, aRifR. PDI MM, Rk
A EA 3%.

232 BCARMEVEHEFIHEAME Ee &0
FHEN 3%, K HEERF BSP #1181 ¢ 1 (Hf OF
) BHTIRGHRBB G RIEER, FRECRRE

®1 BEWCHAEME (X£s,n=3)
Table 1 Screening of Coicis Semen oil dosage (X +s,n=3)

AR /% 4% /nm PDI
1 217.80+1.23 0.236+0.022
2 205.80+5.09 0.21240.037
3 191.90+1.88 0.186+0.021
4 192.90+1.96 0.179+0.019
5 196.40+1.75 0.181+0.013
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Fig.1 Appearance of nanoemulsions prepared with

different oil-phase ratios

M ENBAERIEER ORRESECN 0.1%. 0.2%-
0.3%- 0.4%- 0.5%- 0.6%-~ 0.7%- 0.8%- 0.9%. 1.0%)
BT REEE K, &R 217 TR 7k
GUKFL, SN, FEERIAEAT PDL, 45 R LK
2 M 20 BRI H ISR (A 0.1%~0.3%)
i, JMAHARBER 7S LA, FECRARECR (=206.90
nm); FEHEINE 0.4%~0.5%, FALET %4,

Fif% 5 KA 182.80~186.70 nm, H. PDI 4EH{E
BARAKF (29 0.14D), RP\FLIBIIAFEE: 4B

0.1% 0.2% 0.3% 0.4% 0.5%

*2 HERBEMTIAERE (X+s,n=3)

Table 2 Screening of combined surfactant dosage (X + s,

n=3)

A REEAHE% FifE/am PDI
0.1 210.70+3.61  0.140%0.027
0.2 207.10+1.77  0.169£0.010
0.3 206.90+1.34 0.144+0.014
0.4 186.70+0.92  0.141£0.036
0.5 182.80+1.33  0.141£0.013
0.6 189.00+2.81  0.109£0.021
0.7 206.00+5.23  0.136+0.008
0.8 220.60+2.48 0.136+0.025
0.9 221.10+1.79  0.132£0.027
1.0 210.90+3.31  0.169%0.025

IMHEZR 0.6%~1.0%, FAFHE LA (189.00~
221.10 nm), $E7RFR M IS & 5 AR TR
LRI gL, WhifREN ¥ s KAk
R B R AR B L s B R TS AR 1 B £
&M 0.5%.

0.6%

0.7% 0.8% 0.9%

2 FREIFREEMFRESI SR

Fig. 2 Appearance of nanoemulsions prepared with different surfactant dosages

233 2 MERIEEERILLGIS e 7R e &
HECEIN 3% BRARITETERL SRR 0.5%1 %
fit b, RGi%E T BSP SHEBRAFFEL (1:
9, 2:8.3:7.4:6.5:5.6:4,7:3,8:2,
91 1) XHLKILIML. Kift [ PDI [Fsemm, 455800
#* 3 AIE 3. [t BSP fEBEG I A LLAp] i
I, GUKFLRTRAR SR K&, B BSP S5HE
PRy 19 B 187.80 nm B ETHE 9 1 1
I 248.00 nm. SUL[EE, PDI 7£ BSP 5 H#E
JREEE A 109 I EAR (0.121), FIZE&M R AWM
SN BT LR 254, PDI AR
WFE, HOUKRALRIDZ, 1nik R — Mt
EVET . 258k, PDL SN, #isE BSP 5H
TR R AR ERE N 19,

B LR R — RIS 77 (BSP BUH H )

*3 BSPSHERAFERELLER (X+s,n=3)
Table 3 Investigation of different mass ratios of BSP to

glycyrrhizic acid (X £ s, n=3)

BSP5H R T I b 4% /nm PDI
1:9 187.80+2.08 0.12140.019
2:8 208.90+6.02 0.21240.039
3:7 224.00+4.80 0.266+0.020
4:6 214.70%£3.19 0.19040.022
5:5 20830+ 1.41 0.20140.011
6:4 260.60+6.47 0.164+0.010
7:3 270.40+4.33 0.23340.014
8:2 256.8010.34  0.27940.028
9:1 248.00+4.41 0.135+0.010

HEG RIS (BSP S HERFREL 1:9) 1)
FMRCR KRG et 4Rk 4 fK 4, 3R
TR P )2 B K FLAT AR REAR AR, HLAE SR
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Fig.3 Appearance of nanoemulsions prepared with varying ratios of BSP to glycyrrhizic acid

F4 BREFHFFE (Xts,n=3)

Table 4 Screening of individual surfactants (X + s, n = 3)
ik fgFE/d  RifR/mm PDI
BSP-H# 1R 0 191.50+1.66 0.154%0.021

(1:9) 3 189.60+2.32  0.151%0.037

7 192.50+0.99 0.168£0.009

i —BSP 0 237.70+2.59 0.197%0.013
3 289.90+5.17 0.135%0.039

7 303.50+£7.92 0.211£0.009

R 0 230.10£2.95  0.165%0.009
3 240.30+3.16 0.1984+0.022

7 254.40%+2.47 0.22240.003

& 4

5:5

B 7 d kit IO E B, R
HAa e Mm%, %A BSP S HEBFELL 1:9
I R TG P 7D ) 6 I AR LA R AR T v, R HL
TEREAF IR RAF Az tE, 4P —, KRIL
DIERR . gL, FETRAE, PDLL AU A e 1A
ZIEAR LA A VR, B E BSP 5 H SRRV i
FEFERE A9,

2.3.4 HEFEREIMIEE e E S HEN
3%, BRARMEEAMHEN 0.5%, BSP HHE
Femi ety 109, HAFEREARTE (2. 4. 6.
8+ 10min) FZM& “2.17 T F ikl % 9K, H52

BSP-H ¥R BSP-H &
(1:9)3d (1:9 7d

BSP7d  BSP-HHR

(1:9)0d

B—REEMF SKAREEMLTSAH EHPAKIL 7 d EFHARSNR

Fig. 4 Appearance of nanoemulsions prepared with individual surfactants and combined surfactants during 7 d storage period

MWL, RLAZEAN PDL. gk 5 FE S fioR, W&
(A B, K FLATRIAE S PDI 34 S ILIZHT T FiE
e, HAEREIA 2 min 32 10 min, {2 262.80
nm o EEKE 144.80 nm, PDI W1 0.114 (5%
0.075, B4 R 35950 1 55 2 1 I o 75 B ) 38 A g

#5 HBEMEFE (Xts,n=3)

Table 5 Screening of ultrasonication time (X £ s, n =3)

& 75 I} [8]/min $i42/mm PDI
2 262.80£10.67 0.114%0.013
4 232.90+2.37 0.18340.018
6 215.60+2.63 0.154+0.017
8 189.80+4.08 0.132£0.013
10 144.80+2.21 0.075+0.012

5 NEBARE)HIEHIPARILINA

Fig.5 Appearance of nanoemulsions prepared at different

ultrasonication times

Tt BRI A1) (41 2 min) RIRERRIAAAL,
TEEMAE S, MBI RIR, KARBCK oA
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ANE; AR RE K E 10 min B, K RIRE T4
SR RSN AR, FLIRAMIIAT . I,
Zir kit PDI KARe R, H&iE#E 10 min 1
Sy ot R 75 I T

235 EAEDEMIEE e IHmMHER
3%, BeARMEEMERIFIHREN 0.5%, BSP HHH
FRi Lty 109, E@AEECA 10 min, 7k #E
130, 195. 260. 325. 360 W HI A4 49K A,
SR NK 6 MK 6, BEESEDIZFM 130 W FHE=
325 W, K FRIAR i1 219.40 nm 2 #T FFF 4 181.90
nm, PDI thH 0.164 F&G= 0.122, RIiE 44T
REPTRIARF Sk R/ fett. R, 4
Uik — 4 360 W I, ¥iftl5 PDI 4 H 3 =]
(5515 193.90nm 5 0.164). Ik, TRz 5%
MR G A H B, REFCREBHEIIEN
325 W

6 HBEINEML (Xts,n=3)

Table 6 Screening of ultrasonication power (X £ s, n=3)

=7 BWHEME (X+s,n=3)
Table 7 Screening of drug loading amount (X + s, n =3)

7 B/ mg $i4%/nm PDI
2.50 207.304+12.22  0.075+0.040
3.75 205.3040.05 0.0970.008
5.00 155.80+2.81 0.1620.043
6.25 143.70+3.00 0.105+0.010
7.50 180.0047.44 0.447+0.080

A D /W b2 /mm PDI
130 219.40+5.02 0.1640.010
195 207.9042.05 0.138£0.011
260 200.10%1.70 0.142+0.023
325 181.9041.66 0.1224+0.014
360 193.90+2.66 0.164+0.034

130 195 W 260 W 325
El6 AREIBAINEGIZRIMNKILIN
Fig. 6 Appearance of nanoemulsions prepared at different

ultrasonic powers

23.6 WHABRMME ERMA LR T2 SH A
fith b, T AH HOIMAAS [R5 & 17 R (2,50, 3.25.
5.00. 6.25. 7.50mg), il &EHAAKILIFPENKLAE
PDI. 4P, S5 W3 7 FIE 7, BEG T R 2=
i 2.50 mg & 6.25 mg, AKFLKAEH 207.30 nm
ZWTE /N 143.70 nm, PDI JREI0AL S, 4P
B—FasE; A, URAEH PR 7.50mg B,
Fifei K% 180.00 nm, PDI &% FJHE 0447, 2
NS TR SR RfREE . b, BT

7.50 mg
E7 AEERREAEE &AL

Fig.7 Appearance of nanoemulsions prepared with

6.25 mg

2.50 mg

3.75 mg 5.00 mg

different sinomenine dosages

Kiftt/ I A S AP E NG H &, A
T € 75 R S A 25 N 6.25 mg.
237 IERREARAE Sin-NE A7 MRIERREH
S, bS] BEE R IEEMESLSHE. BSP
A BRI 5T = L 3 AR 3R B AR A AR A AT PDT A
WEER . WEREMAMHHE (A, 2%, 3%. 4%).
BeA RETEEFEHE (B, 04%. 0.5%. 0.6%)-
BSP S5 HEBMFEL (C, 3:7.1:9.2:8) N
FL R, KA SPSS26.0 #it Lo(34)IEZ M. Xf
KA A PDI AT VA — AL AL BE, TRAUE 18 2 128 5 0F
43 (comprehensive score, CS) 1E AN $EIR. 45
W 8 Fvn, Wz (R) 4XHE R/ NITFH A>B>
C, BP&s2mm PR 25 1 32 OOy A B & > A 3R
Mg R HE>BSP S HEE R EN. AL B, C %
K BB IMEXA Koy WAL G T7 N A2B2Cas
MIEAZRIS 77 2= iR (R 9) kE, FA&RH
FOWTRIAEA PDI A B M (P<0.05). #
A i T2 E 3%, BEFARLEH
# 0.5%, BSP 5 HHERFEL 1:9.

AR A — AL = (Y AT 2R — B/ NRLAR )/ (B KA AR —
B/MRiR)

PDI H—1kA4bH = (47741 PDI— /s PDD/(#¢ Kk PDI—
/N PDI)

CS=0.7 X JH—4bif%E +0.3 X J5—1L PDI
23.8 EARATTIGUE AR R R 3R SR IR A IR
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x8 EXHWEERSKE. TRRITEEETIER
Table 8 Orthogonal experiment factors and levels,

experimental design and comprehensive evaluation results

WS A% B% C D@E%) fiff/mm PDI  CS

2(1) 04(1)3:7(1) (1)  219.60 0.2051 0.9469
2(1) 05(2)2:83) (2) 19140 0.1462 0.5520
2(1) 063)1:9(2) (3) 20280 0.1887 0.756 6
3(2) 04(1)2:83) (3)  187.00 0.1448 0.509 1
3(2) 05(2) 1:9(2) (1) 14170 0.1023 0.0000
32) 06(3)3:7(1) (2) 18530 0.1306 0.459 8
43) 04(1) 1:9(2) () 20640 0.1778 0.7627
43) 05(2)3:7(1) (3)  190.60 0.1662 0.5929
43) 06(3)2:8(3) (1) 20920 0.2272 0.906 5
Ki 2255522187 1.9996 1.8534
K2 09689 1.1449 15193 17745
K3 2262121229 1.9676 18586
R 12932 1.0738 0.4803 0.084 1

O 0 3 N U B W N —

X AOR AL AT R3], 70 73 MU S5 () Sin-NE Ji%
NBEEHL T2 B I A G A0 FH 35 i
PEGLRL I PHAL, WSEX 2 FhguRHEGIR AL e
gL, S8R Kl 8 Frax, WHIEWAE Sin-NE
I B BE PR T I35 ML, 29 Sin-NE 25 O/W L4
K.
F10 WIEKE (X+s,n=3)
Table 10 Verification test (X + s, n=3)

fLx Hi42/nm PDI
1 141.20%1.31 0.14140.030
2 148.80+4.41 0.126+0.014
3 150.30%4.59 0.146£0.020

x9 EXHAEFESHGER
Table 9 Analysis of variance results of orthogonal

experiment

WEOKIR CPOiA AHE 5 Fli Pl

A 0.369 7 2 0.1849 249.7362 0.004
B 02354 2 0.1177 159.0018 0.006
C 0.048 1 2 0.0240 324715 0.030
D (i#%) 0.0015 2 0.000 7

Fos(2,2)=19.00 Fyos(2, 2)=99.00

45, Sin-NE W fitab7r i H & 3%, BEE 5L
e EH R 0.5%. BSP SHERF R 1:9. #
FEIFIE] 10 min. B8 IR 325 WL 5 % 25 & 6.25
mg. WIEHRIATTHI% 3 Mgk, Wk
PDI, Z53 I 10, fZRHEMALT 51 3 #ighk
FURIARARIT, BEEIALTT B TRGE Bo HAE

24 BUMRER

2.4.1 Sin-NE f2ERIS ] (et g2y R guta

SRR

piyREAN HIEEE
El 8 Sin-NE Ryt %5
Fig. 8 Identification of Sin-NE staining

2.4.2 Sin-NE MZZMAMMIES  Sin-NE 4b A3
S BB, MRS LM RS B TR R
MG (9. BUGEGOKIL, HZEKMEZRIE Y
WEE, BT HEASCERNEMN . & 10min, H
VEARIR 2 Z R, SR IIN 3% 8RR 1 R (pH
7.00 24 90s, FHIEAR 2R HIRZE
KJG, H TEM £ 200 nm ff X~} A% Sin-NE )
WOWTES, 4R 9 Fizs, Sin-NE 2 K/NY2E).
TR VL B IR BRTE

243 Kift. PDIAMIC ML #=4bT544% 3 it Sin-

MRS T IR IR B8E TEM

9 Sin-NE BUREARMALS
Fig. 9 Macroscopic and microscopic morphology of Sin-NE
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NE, Bl 40 fi5, fEZiR MR E K
HeFErkiie. PDI LUK CHLAL, SR ILIE 10 7S
Sin-NE KIFHRiE N (145.30+2.35) nm, P3¢
AN (=39.51£0.43) mV, PDI A 0.095+0.022,

A
I T T 1 1
1 10 100 1 000 10 000
HifE/nm
B
I 1 | 1 1
-200 -100 0 100 200
¢ HA/mV

E 10 Sin-NE BYRIZ537 (A) MBS (B)
Fig. 10 Particle size distribution (A) and { potential
distribution (B) of Sin-NE
2.44 pH ERNE FRRLETTH% Sin-NE, =
B A pH tHEX pH {E, “FAT 3 Ik, HCFE
1, 2558 3.9904£0.033 (n=3). HT{HHER
PER TSR], 99K pH EIWIK, FF6 KIS 2

) 751) 55 e 12 P 2 SR 121,
245 FEEMNGE RIS R 2 E A )
4, e mta e AR, BURIE E A A
TAYNBE R R, fe s AT 4% Sin-NE, =
I T NDJ-8S ettt (%1 0, ¥k 6.0
r/min) & Sin-NE FI%6FE, “FATIl& 3 K. Sin-NE
MFIIBEE N (66.3244.02) mPa's (n=3),
24.6 MERNE 25 SCERI 7R 6 £
Sin-NE H 2 B 77K ke 50 fx, FHIBEARXAE 650 nm
BARKENE A fH, EENE 3 K, R AXHEH
WA (16.16£2.29) cm™ (n=3).

T=2.3034D/L
T i, A N 650nm &b 4 15, D NE #ikelt, LN
P S EEAR IR
25 BREMER
251 FREARENE  REHTHIRH Sin-NE 737l Mk

50 100+ 200+ 1000 £, &K IMRE G RIRAE
PDI. C W7 #PWHER . 5wk 11 A1 11 o,
BRI L, BEEUS, 7T WL Sin-NE T840 2,
DUENTH, BRI —RER, ZRE AR,

Kift. PDI. C HAL/EMBEELAS Ja 3 L AL, Fa
et R

z11 HEREMERE (Xts,n=3)
Table 11 Investigation of dilution stability (X + s, n=3)

R 3L Hif%/mm PDI CHLAZ/mV
0 16220497 0.3661+0.032 —43.18+0.52
50 166.800.62 0.38240.030 —42.28+0.43
100 159.50£2.03 0.35940.013 —41.46+0.84
200 164.70+2.81 0.4161+0.041 —41.57+0.38
1 000 16620322 0.4104£0.015 —40.26+0.46

100 % 200 f%

0 fi 50 f%
E 11 FEHFEHTH Sin-NE 5
Fig. 11 Appearance of Sin-NE at different dilution

1 000 1%

multiples

252 fiffFrasENE IR TTHIE 3 HEgKAL,
iR FACE 30d, AAITESE 0. 7. 141 21, 28, 30
FEEEN sERi4%. PDI A ¢ BLA7, FFM AN IAR
fho SERNFE 12 FE 12 iR, 9eKFLARE 30d
J&, Kife. PDI. CHfifeE, WA, Tz,
WAL

253 EOfoEME BUSEHECHIM Sin-NE, 44
FARFEESET 1000+ 2000 3000, 4000 5000
6000, 7000, 8000. 9000. 10000 /min) &> 10
min, WEEOEPKARRAE. AL, PDI, I

F12 BEREMER (Xts,n=3)

Table 12 Investigation of storage stability (X + s, n=3)

fEFHE/d  Kife/mm PDI CERAT /mV
0 189.5042.13  0.188+0.020 —37.60%0.22
7 192.704+2.53  0.158+0.018 —37.45+0.39
14 205.80+4.54 0.2134+0.005 —36.38+0.38
21 204.00+2.35 0.140+0.015 —36.07+0.12
28 207.40+4.53 0.205+0.011 —37.03+0.63
30 215.40+4.54 0.2014+0.038 —34.07+0.06
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B AN, 45 B ang 13 M1 13 s, 99kALE
AN[FFEE O 5, Rife. ¢ HLALAT PDI G ARk,
ARSI AT, o E. AN,

F13 BLUREMER (X+s,n=3)
Table 13 Investigation of centrifugal stability (X + s, n = 3)

%‘D%@ hifE/mm PDI CHLAL/mV
(rmin™!)

1 000 225.10+2.05 0.22340.004 -36.89£0.64
2 000 224204+3.50 0.212%0.008 —36.69£0.77
3000 213.10+3.44 0.214%0.013 -38.08+0.41
4 000 217.50+0.66 0.174%+0.012 -38.11£0.19
5000 217.00+3.83 0.132%£0.008 —37.06%0.65
6 000 220.30+3.24 0.220%+0.012 —38.09%0.12
7 000 222.20+2.48 0.1504+0.007 —38.07%0.32
8000 217.80+0.56 0.13740.025 -37.061:0.43
12 Sin-NE 30 d {23 E9 400 9000  217.80£3.98 0.15940.013 —36.85+0.18
10 000 22490+3.85 0.1794+0.005 -36.47£0.24

Fig. 12 Appearance of Sin-NE during 30 d storage period

1 000 2000 3000 4000 5000 6000

B EE/(rmin!)

7 000

8000

9 000

10 000

B R

1 000 2000 3000 4000 5000 6 000
B HHE/ (r-min )
E 13 TREFESLRIE

7 000

8 000

Sin-NE Hy5h 31

AAAAAAAR

9 000

Fig. 13 Appearance of Sin-NE before and after centrifugation at different rotation speeds

10 000

254 AdREVE  HEARARTTHIE 3 AR, TR 14 AREMER (Xts,n=3)
BIE 60 CHEF, 55T 0. 3. 5. 7. 10d BUFE Table 14 Investigation of thermal stability (X + 5, n=3)
MERife. PDI. C HIAL, MEHAIMAR, 45840 60 CHER A/ Hiff/nm PDI CHLAL/mV
* 14 FIE 14 frox, 9PKALE 60 CIE 10d N, 0 190.70£1.35 0.176+0.026 —41.0140.71
Fifz. PDI. C HAfiFasE, IRk, Lk 3 194.10£3.93 0.1554+0.029 —41.85+£1.66
A, AR A% 5 200.40+0.87 0.160+0.025 —41.32+1.61
7 203.90+1.60 0.136£0.036 —41.13£0.28

2.6 ESh-<3 ES

ﬁ ’]E&@.ﬂ’i 10 206.80+1.27 0.175£0.017 —40.50£0.32

SR 7R, B 1 mL Sin-NE T 504,
IO 4mL Fo/K ZFEHE A8, 12 000 r/min 2540 10
min, BB, SRFLIENE S, %0 “2.27 N4

AT AT, AR5 RS B (W ») . BEL 1 mL Sin-
NE T 208, I\ 4 mL /K ZEE, 12000 r/min
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7d
14 Sin-NE 7£ 60 CH{E 10 d FWHIZMIR
Fig. 14 Appearance of Sin-NE during 10 d at 60 C

B0 10 min, B EIEWR, WSHALIER EHIE “2.27
TR SR AT 7357, WA TRBRUE S 250 8 (W i),
AL R &

AR =W s — W )/ W 1

B =W 5~ W )/ (W s+ W)
2.7 ROMERIRR

BLi pH 7.4 1) PBS ¥ A/E AR BT, W
0.3%1 5 1L A4 80 HAMMZGMIE ML . 43K 1 mL
Sin-NE M1 1 mL 55 BEBAER GEFINTEK S/ TR
NI B AR 401 B & 100000, 98 55%E T
LW, N DA, TN 10 mL B B, B R
BT TR RBAERIN L o R OB TIONE TR
PR, 37 C, 100t/min, 25%1F 0. 0.5, 1. 2.
4, 6. 8. 12, 24. 36. 48. 60. 72h W¢HL 1 mL F¢

TR, AN R AR AR R SR B B B R
ZFLIEREE f5, &M “2.27 TUF FAF T E S %
BRI BT AR, FRARIE A S E RRIE (00,
exif BRIt 2, S5 R 15 .
On=(VeCiHY\_ V)W

On WL RIS ZI (1) RRVREIEE, ¢ WA %I, Vo AR
IR ILEAR, CONAIRIE ZI3 25 R Bk g, v Rt
UCHURR AR, W BN 259 16 5

100 -
80
¥ 60
§ ]
K404, T e
Bk 4 + Sin-NE
20 +
0+ T - r - T - - - T - T ¥
0 12 24 36 48 60 72

t/h
15 Sin-NE FEREE RABMEL (X£s,n=3)
Fig. 15 Cumulative release curves for Sin-NE and

sinomenine (X +s,n=3)

HoanHERSN 1% —H5) )15 Weibull,
Higuchi. Ritger Peppas J7 FEXT HARSMNRE 2547 il AT
MG, SRR 15,

PEAR ARG 25 IR W, Sin-NE 5 75 Bl 1]

% 15 Sin-NE 5B IMNERBZIEER

Table 15 Fitting results of in vitro release curves of Sin-NE and sinomenine

- — WEHE |
T Sin-NE
TR 0,=42.02+1.01 ¢, R*=0.544 0,=28.54+1.16 ¢, R>*=0.793
— R H )% 0,=89.56 (1—e 0721, R2=0.974 0,=72.45 (1—e 0931, R2=0.886
Higuchi 0,=9.52 1'24+3.49, R?=0.718 0,=8.29 t'242.42, R*=0.921

Ritger-peppas 0On=43.51 022, R2=(.847

Weibull

0, =100 [1 — 0470 (034771 R2=0.996

0,=29.18 2%, R2=0.973
0, =100 [1— 0073 (028" 2= 998

BAT N B AR ZER, H RGN BB UR
M, E 240 WENABIREBCE 61, SRR R
90%, UL H HLAY (1) SRR B RUREAE . AL 2
T, Sin-NE FURE I 2 MM A~ 122, %A 72h JH
WA RRLE . RAGHBE Y, A& BRI
80%/rAy, WEMLTHIEIL, RIHE P, £
SIREE S, REHGRRRE, RAYIKRIAA R
XTERE TR R4 ) R 45 R

it — 0 i B LR RO L, R TBCA AT T
LRECABRLA (R 15), HEELE SR,

Sin-NE & BEARR 8y, R HREBUT AR 2>
I T B A BRI, A — € PR Rk . — 23D
TIEEXS AN S i, U W HORETSCE  5 24547 5
REEEMK, AT BULiE. Higuchi 75 REXS
Sin-NE & R4, F2on HBEAT REAE H 25 gk
FLEE BT BOE R £ W T E R, —%Eh
J12EA0 Weibull A7 ) bl & BER B DR RS — A
SR FERLEAR R ] oy O A2, Tt R A B b
P

5 I, Sin-NE B0 i B AT 5 W2 i g AUR
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BRI E 1 BE, R IR RG] LB
TREULA RS . AT R, o AR YR A
SEAAA YA FH IS TSR A T 90 BeA

2.8 Sin-NE B

2.8.1 4HAUREFRAM RAW264.7 4UAEES RN
37 C. 5% COyv HANEREE, HFREAE 10%M64F
M35 ) DMEM 55 79 -

282 HfEMETRE KA TR EAEKER
RAW264.7 40 Fh 3] 96 FLIR , FERha5E Y 1X
10* ANAL, FEFRBGMNEEESS, A B4, X
“H. Sin-NE 4. NE 2. HFBeid. HERA4 . BSP
‘A, BSP-H ¥R (BSP 5 HEmRMEI1:9) 4.
FREFRIHE, Sin-NE AIIAAF L EKE (0. 5. 10,
15, 20, 25. 30, 35. 40 pug/mL) fJ Sin-NE (LA
FEB S T, HREWAM S 2T EIRE N 20,
40. 60. 80. 100. 120. 140. 160 pg/mL; NE 4H.
HHEERL . BSP 41, BSP-H HIRZA 45 25 i &Kk
9191, 382, 573. 765, 956, 1147, 1338, 1530
pg/mL; XTI AEFL I DMEM 8383 100 uL; %%

HH AR, BFFLINA DMEM 55327 100 pL.
Ki 7% 24 h J5, BFLIIN 20 uL FRE K EN 0.5 mg/mL
(1) WE M #5  ( methylthiazolyldiphenyl-tetrazolium
bromide, MTT). 4 h J5E1E853%, 3F MTT, &40
IO Z H AR R S min, 7E 490 nm K
AINE 4 E, THEAMAEE R

HIAFIE TR =(As— Ab)/(Ac— Ab)
As NABIIBIEEE, A AT AHEMRILE, A AXTHRA
IR B

ZER LK 16, Sin-NE 7E 20 png/mL Jii &K EE
RPN, ST TC I 3, A RIS 7E 80% LA
5 NE 1E 765 pg/mL J5 &34 5 Y5 Rl A %5 4 A JC B
DM, HFEME 120 pg/mL DL R R ERE L
BPE, VLB Sin-NE M4ttt T H P
YURFLIRE = T8 4R MK 17, BSP 1E 1 530
ng/mL YO Rl N G4 e, R R AEAEA
PEo HEER. BSP-H BHERLE 956 pg/mL X 4H il (1) 77
EEAHEE, HHRR. BSP-H . NE &
MVEEES, HHEEHEHHERES.

# 16 Sin-NE. NE. HHEXT RAW264.7 FfR7FEERMNFME (X+s,n=3)
Table 16 Effects of Sin-NE, NE, and sinomenine on viability of RAW264.7 cells (X + s, n=3)

Sin-NE/(ng'mL™") T2 )% NE/(ug-mL™) FETE % F RS/ (ug-mL ™) G ZE %

5 90.60+5.89 191 102.59+3.37 20 99.86+1.39
10 96.26+2.13 382 98.20+6.16 40 101.18+1.53
15 89.601+4.59 573 104.60+4.15 60 104.4248.10
20 86.29%1.21 765 89.70%1.81 80 108.8143.42
25 64.27+7.62 956 77.29+1.34 100 102.05+3.31
30 51.95+3.36 1147 62.39+1.12 120 90.29+1.85
35 46.93+2.91 1338 46.75+2.14 140 67.89+2.32
40 39.0740.51 1530 46.97+2.30 160 47.08+2.77

#17 BSP-HERR. HEE. BSP X RAW264.7 ARTEERMFM (Xts,n=3)
Table 17 Effects of BSP-glycyrrhizic acid, glycyrrhizic acid, and BSP on viability of RAW264.7 cells (X +s,n=3)

BSP-H #E ¥/ (ugmL ) A7 /% H R/ (ng'mL ™) 1752 1% BSP/(ug'mL ") AP /%
191 99.30+0.94 191 92.91+4.41 191 90.02+10.73
382 98.13+2.71 382 90.38+1.30 382 100.94+9.24
573 92.75+6.71 573 90.06+1.38 573 103.81+5.93
765 100.52+5.38 765 90.14+5.08 765 90.23+4.34
956 56.33%1.61 956 59.45+2.11 956 91.05+5.25
1147 42.28+0.43 1147 38.28+1.53 1147 86.6711.32
1338 30.68+2.15 1338 26.931+0.46 1338 89.33£8.38
1530 29.29+1.42 1530 28.63+0.15 1530 99.30+5.16
283 NO WIHIER IR B EHITILL 5 SinNE AFAPKALRIE R AT MR

B, Sin-NE 4. HBIRAER 24 EBWE 20
ng/mL /E AL 2R E, NE 4Hik# 765 pg/mL,

Fr—30. BUMEUE K RAW264.7 40jE, M3 96
FUBR R, BERhEr R 1 X 10° A0, 540 kB S,
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SRANTHRAH . BRI FEZA . Sin-NE 4. NE
Ho XTI DMEM, HAh 4 ZHI0A 1 pg/mL 1)
fEZ ¥ (lipopolysaccharide, LPS) ¥4 &40 %
JERLAY . 24 h Jaar 2 bif, XTHRAABIAL A mA
DMEM; Sin-NE 2. HERA AN 20 pg/mL
) Sin-NE. FH#bk:; NE 4.0 765 pg/mL (¥ NE.
24 h JEfF 18R, 23 IR 50 pL 4a 0 H IS WUE T
A 96 FLEH, % NO W5 & Tk T A
FdE LI EE R . 5 Wk 18 fon, BRIH A
LPS G NO B E R & Fwm, M
RAW264.7 411l NO B FEA%, BHIEA R
LA R, Ho Sin-NE A% R o, T
NE ZH AN D ZH
# 18 Sin-NE. NE. E&MExT LPS 55 RAW264.7 ZHAR
E5E&$ NO. IL-6. TNF-0 EERIEM (Xts,n=3)
Table 18 Effects of Sin-NE, NE, and sinomenine on LPS-
induced NO, IL-6, and TNF-a levels in RAW264.7 cell

supernatants (X £s,n=3)

A5 NO/(umol'mL™") IL-6/(pgmL™") TNF-o/(pg'mL™")
of e 1.8540.57"* 2133145 1.40+1.27**
A 3636+0.67  58.84+421  2170.00+98.62

NE 24.894+0.91"* 5083136 1344.90+274.35™
FIEBL 12484047 36.76+3.60"" 1252.91+193.60"*
Sin-NE  9.65£0.29"" 28.61+£1.00"" 362.46146.54""

SRS *7P<0.001 *P<0.01.
“P<0.01 "™P<0.001 vs model group.

2.8.4 ELISA W E4IME b3k & 5E R T /KF B
K RAW264.7 i, #:FT 96 FLEH, 2
FREFER 1X10% AN/AL, FraufaibBEfs, 2 xt g
M. PR, FHREIZL. Sin-NE 41. NE 41. Xfi&
NN\ DMEM, H4x 4 A 1 pg/mL [ LPS #%
TR R AR . 24 h J5 3525 BiE, GHHB4LAD
RN DMEM; Sin-NE 2H. 5 B 2H 2 5 hn
A 20 pg/mL [¥] Sin-NE. 5 #bl; NE 4 765
ug/mL ] NE. 24 h Jafst b8 9%, WesEgnie Bk, H
ELISA 7&K IL-6. TNF-o (8. 45 Ringk
18 fiow, SxtHRAAHLE, B pE B 10-6.
TNF-a /K FEETHE (P<0.001); SHAAME,
Bk NE 21 1L-6 4b, HAp8AH i FiEH 1L-6. TNF-
o KT R FRK (P<<0.01. 0.001), iBIiZgk
FLOGE 4 i 78 i AR 78 o 58 RE PR 1 1R 3k B B A )
Pd/ER, HA Sin-NE HACRENHE, I TH
BRZHAN NE 24, UiHPR T BRI 9K FLee 4 = 5L
PLARIENES

3 g

T RBAE R R IRIE M R A, F PR B F KA 52
PR TR KA PR 5 I E 1 0 R0 2 3 5 SR AR
FIFH BEBOL, gioR P& — Fh Iy 22 f gy 7 2 A e 1k
R, BEWEIRCELEAY, PREAIAIEEE, (HI
i1l 2% re FE AR & R VA 177 o ASHIF 8 BRI 1tk b 12
H 7 LT BSP AT RERR (1) 3 AR e SR, Dl
% T AU HOAAR ) Sin-NE 9K, 14k
FLEA RMEO. 67 Pk, Iniese e
PR, Kif2 N 150 nm 2o 47« SRS & R TH i
PEF CanZR I A4RE . RIESE) AHEL, AT AT %
IR FL DA R ARG M & 2 BSP A H R A 3R THI VG
YR, B “iiiG—, AT . XM
“RINZHE-RINBE” AT BN KRR R IEGIK
FLEAR R, 15T RS TR 2 H AT R L
iriH

M FEIHLEIRE , BSP /E RN RIRE 5
G, HaTEE LR, RETELEE S E R
W FAHEAE R, BERESE = 29 M 7E WA H 1) A
B, NEEAEGIRFL Y OB ) 2 AL L E, 4
HRLF-IRAERY, A, HERRIE N RIR B RERH
TEPER], MRS FLGEE S Ol Tl ok 5
K2 0.02 mmol/L), A] FEAKHi-7K S 1 7k 77 LARR € bt
17, "R AR BB, E M EERR,
RRSEILT 150 nm A4 K —Rife (PDI<0.2) 5
RIFRIER R EME (25 CHEAF 30 d KifR T 354
1), Rtk EEM T % — BSP B gkl (fi
12 7d Ja B J2) B — H SRR AR Aok FL (fif
7 7d EREMA, Ho20%), L 7R ER
W PO ARk 2 e 5 A e

ZIM I GG RE R 25 ) Re 1R M K BUR HE A
R, e AR ARG T M i 25 7K B
et G PR 29 70 B DROHUORE TR 5 LR I “ IR IR, N
7 % 3 PR R W AR 2B 25 1 FH i (]330,
S5 RIR, Sin-NE W ZWR AT NTEF W) )51
TR DL FE AR A, LR o) 1) B N B e
AN, Higuchi HFEXT Sin-NE #l4& R 4F, #RHR
JRCRT B8 B 2540 N ROK LI i Bl FR BT =
AT SO R FESE . AT R X Tl e, —
) 15 Weibull FE8 ) Ul E B8 3R B LR U2
— AN SR RS FEAR G T B O R, TR A
S B .

5 NE. HHEMAAMLL, Sin-NE /A4 E &%
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i RAEAH L NO BRI A R B fIK IL-6 A1 TNF-
o RIERFHIKFE, XATEE T4k BSP. H
FIRR . T RRBAN A DA R E RS R . H,
BRI AT HIH] NF-«xB Gl . HAEFNLLE T 05
IxB ¥ (IxB kinase, IKK) H3E4k, MIRHLE IkBa
HIREAA, 8153 NF-xB p65 VI 4% 4 e 70 f i v ik
AAZ A B 9 9 e PR (R s B4 H B R [R R A E S
A R NF-«B % . HALHI A R85 T8 Toll #£32
& 4 (Toll-like receptor 4, TLR4) {5 5% S K5
IKK FBOEH K. b, HRERIERT S 4
PrEEH, WML RAEGE-1 (heme oxygenase-
1, HO-1), T HO-1 [0 Tl W w] L A7 S 45t
il NF-xB {35 PERS, W58, BSP nliEd iz E
Wi 20 A AL, BRI 22 (1) M1 Y i i i 28 1) M2
B, SRRESIRIER. M2 B E VR0 i F %It 2 —
#& NF-kB 5 P FRARE o 3 DA 3 P sy (an
=W BRS goE A PR E M, HE
B 5 ] NF-xB p65 HIAZFE A7 AHKET. Sin-NE
BERE T H R AEYRI A, N E RN
KA R ER AL T 3 R .
FBAFR AEEAPAREEA B R

SE R

[11 TRk, SOHD, FFRIHD, S5, 75 B2 AR A R PR B
MWw st e 3] Bz ek, 2024, 39(2): 209-
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81 FZEZ, XIFR, Wk, & 586 R
FERIBE AT R BT [, HEEZ, 2021, 52(24):
7709-7717.

[4] SongLQ,LiuD, Zhao'Y, et al. Sinomenine inhibits breast
cancer cell invasion and migration by suppressing NF-kB
activation mediated by IL-4/miR-324-5p/CUEDC2 axis
[J]. Biochem Biophys Res Commun, 2015, 464(3): 705-
710.

[5] Zeng M Y, Tong Q Y. Anti-inflammation effects of
sinomenine on macrophages
activated TLR4/NF-kB signaling pathway [J]. Curr Med
Sci, 2020, 40(1): 130-137.

6] E&R, EM, X, 5. FHEHIET JAK/STAT @
4 M A i A0 A 5 i 175 3 1 DR 4 K SR A AE A
HBORFIERIBETE (7], P22 5IRIR, 2025, 41(5):
27-33.

[71 Zhang B, Zhang H J, Luo H, et al. Sinomenine can

through suppressing

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

promote the proliferation and differentiation of osteoblasts
by regulating the Akt/Runx2 signaling pathway in
MC3T3-E1 cells [J]. Pharmazie, 2019, 74(12): 747-750.
ARG, A=, MU, A TR BT R R 4 i 1Y
VA A RE R R AT B R AL 0], YL PEEE 2,
2018, 53(2): 119-121.

SRR, 207, B I KR TR R RS W
T TR EIE 41 BllmRWE [1]. BrbEs, 2014,
46(2): 117-119.

ik, ERYL, AT, T EIRIG ST 2 XK 2R
RO BE R [7]. 2552 PSSR, 2025,
23(2): 109-119.

ki, R, R, . FHEETT R RIR R R
PERINLEIBE T ERE (3], ) PR B 25 K 5244, 2025,
28(3): 59-63.

sk4kSE, BT, XN, SE. AWIa K A R e
Pickering FLIRZ 25 RS0 FC IR BE I [1]. 2455
%, 2024, 59(6): 1582-1592.

Brige, TOCHE, B, & b2l R SR R g K
IRt FiE R [J]. FEERA SR, 2025, 45(7): 827-
833.

Hokok, 408, UG, 4. Pickering FL A e M
WFoE S AR B WA R HE SR [J]. B Dok B,
2023, 44(23): 376-386.

Chachra D, Coote J G, Parton R, ef al. Haemolytic and

cytotoxic activities of the Tween 80-extracted putative

haemolysin of Pasteurella multocida B:2 [J]. Vet
Microbiol, 2011, 150(3/4): 331-337.
BRi, BERE, B0k, & DHERARENIN A2

RGN BT 4 VR [0]. )T AR AR
1, 2025, 41(4): 16-22.

JE b, R, SEER, S5 NIRRT 20 H B A R
oy RATIRAE R SERAT TS (7], AP EE AT, 2024,
42(5): 244-249.

WuY F, Guo Y L, Huang T R, ef al. Licorice flavonoid
alleviates gastric ulcers by producing changes in gut
microbiota and promoting mucus cell regeneration [J].
Biomed Pharmacother, 2023, 169: 115868.

LeEs, 297, HoR, & A RSN, 45
Y RAEIE T FUR TR [0]. AR EEIET, 2024,
42(5): 225-232.

Wang Y R, Han S W, Li R F, et al. Structural
characterization and immunological activity of
polysaccharides from the tuber of Bletilla striata [J]. Int J
Biol Macromol, 2019, 122: 628-635.

KB, i, FUBHE, S B A2 BT M1
R AL B 554 R HLEI BT T [J]. 25 1F 0 0F 9,
2024, 47(11): 2525-2532.



- 108 - PED 202618 B57% B 1 Chinese Traditional and Herbal Drugs 2026 January Vol. 57 No. 1
[22] Chen Z Y, Cheng L Z, He Y C, et al. Extraction, [30] B, FEe3s, &, 5. JoH RE B K 7L

[23]

[24]

[25]

[26]

[27]

(28]

[29]

characterization, utilization as wound dressing and drug
delivery of Bletilla striata polysaccharide: A review [J]. Int
J Biol Macromol, 2018, 120: 2076-2085.

RO 5 R L HE T B 42 48 1 477 R AT S [D]. 7
TR R, 2025.

Tan S F, Masoumi H R F, Karjiban R A, et al. Ultrasonic
acid-loaded

nanoemulsion with response surface methodology and

emulsification of parenteral valproic
evaluation of its stability [J]. Ultrason Sonochem, 2016,
29:299-308.

Devendiran D K, Amirtham V A. A review on preparation,
characterization, properties and applications of nanofluids
[J]. Renew Sustain Energy Rev, 2016, 60: 21-40.

Blaak J, Staib P. The relation of pH and skin cleansing [J].
Curr Probl Dermatol, 2018, 54: 132-142.

Zhu'Y, Chen T, Feng T T, et al. Fabrication and biological
activities of all-in-one composite nanoemulsion based on
Blumea balsamifera oil-tea tree oil [J]. Molecules, 2023,
28(15): 5889.

Hou P P, PuF L, Zou HY, et al. Whey protein stabilized
nanoemulsion: A potential delivery system for ginsenoside
Rgs whey protein stabilized nanoemulsion: Potential Rgs
delivery system [J]. Food Biosci, 2019, 31: 100427.
FE%, WKiE, mE, & BEMEE pH BURN LR
RGO . RAEFARSN PR (0], PR
25K, 2025, 40(8): 1934-1942.

[31]

[32]

[33]

[34]

[38]

[36]

[37]

HFNVEAT 532 B (7] PR RO A sk HARFL
2£HiR, 2024, 43(4): 468-473.
FRHEHT. KM -Pluronic F127/H FLER IR & I A 1) il
ey BB RSN AR [D]. kK A L
675 5B, 2025.
Guo Y L, Zhang X P, Wang X H, et al. Nanoemulsions
stable against Ostwald ripening [J]. Langmuir, 2024,
40(2): 1364-1372.
BRAE. /BRGNS Wl AR I 5T A 7K AL 1 1) 48 S VR 9T
ANERFLIR AR ROV [D]. MR RACRL R,
2025.
Liu W W, Zhang Y J, Zhu W N, et al. Sinomenine inhibits
the progression of rheumatoid arthritis by regulating the
secretion of inflammatory cytokines and monocyte/
macrophage subsets [J]. Front Immunol, 2018, 9: 2228.
Wang Y J, Wang L L, Luo R L, et al. Glycyrrhizic acid
against Mycoplasma gallisepticum-induced inflammation
and apoptosis through suppressing the MAPK pathway in
chickens [J]. J Agric Food Chem, 2022, 70(6): 1996-2009.
Yue L, Wang W, Wang Y, et al. Bletilla striata
polysaccharide inhibits angiotensin II-induced ROS and
inflammation via NOX4 and TLR2 pathways [J]. Int J Biol
Macromol, 2016, 89: 376-388.
Zhang C F, Zhang W F, Shi R Y, et al. Coix lachryma-jobi
extract ameliorates inflammation and oxidative stress in a
complete Freund’s adjuvant-induced rheumatoid arthritis
model [J]. Pharm Biol, 2019, 57(1): 792-798.

[FriEsms  #RALRE]



