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BYYIFA] 3 min, $3J5E 7708 100 MPa, 335RECHN 8 IR B EN/K KT I VE S 4UE MSR Al K 7370124 0.011 1 F12.31;
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Preparation of silymarin nanoemulsion with tea saponins as natural emulsifiers
and investigation of its physicochemical property
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Abstract: Objective The tea saponins (TS) were used as a natural emulsifier to prepare silymarin nanoemulsion (SM-NE).
Methods The SM-NE was prepared by high-speed shear combined with high-pressure homogenization. The particle size,
polydispersity index (PDI), delamination index and appearance were the main evaluation indicators. The optimal prescription and
process parameters were screened out by single factor test; Molar solubilization ratio (MSR) and micelle-water partition coefficient
(Km) were used as evaluation indexes to explore the solubilization ability of TS to silymarin. The physicochemical property and
stability of the SM-NE prepared by the optimal prescription and process parameters were studied. Results The best prescription of
SM-NE was 0.15% of silymarin, 0.3% of TS, and 5% of oil phase. The shear rate and time were 16 000 r/min and 3 min, the
homogenization pressure and times were 100 MPa and 8. The solubilization parameters MSR and Km of TS to silymarin were 0.0111
and 2.31 respectively. The mean particle size of the prepared SM-NE was (204.1 + 2.8) nm, PDI was 0.058 + 0.007, conductivity was
(117.8 £ 0.9) ps/cm, pH was 7.31 + 0.10, turbidity was (59.75 + 1.10) cm™!, and solubility of silymarin was (1.22 + 0.05) mg/mL.
The stability results showed SM-NE had good centrifugal stability and storage stability. Conclusion Using TS as the natural

emulsifier, the stable SM-NE was successfully prepared. TS is a potential natural solubilizer for the production of n new green
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nano-pharmaceutics of silymarin.

Key words: nanoemulsion; tea saponins; silymarin; physicochemical property; solubilization; high-speed shear combined with high-

pressure homogenization

/K RHEIE (silymarin, SM) /& MIK K& Silybum
marianum (L.) Gaertn. [} 552 42 B — Fh 2 i A
NEZRFIREY), HEEFEK REF Cilybin), 5
K K& (isosilybin). 7K K &]T* (silydianin) Fl7K
WS Csilychristind &%, H AR K Q8] 5= S &
2, BRUK CET R BB, iR, MEaRY.
WIS AN S S5 2528, )2 T & Mg
JTHETE, WIHFAEZ s . SAEYER . BRI . tHee
IRAT PRI DL I FH A 25 B E A 456570, SR
M, K KCERAER, H ORGP 5 7 s
s &, IR EAR R R, B O
MR RI ) BEARAG, B OB PR ] 1 I PR R A 8T
DRI, B v 7K i 2V e P — B T 3 I DT A
H A7 T 7K T EE T EA KRS 49K
Jig PRAEO-101,

Z9°KFL (nanoemulsion, NE) Z&7E MK R
T [l N I AR ok 2R 48, mT FAE 25073 1 B34k
HHEEAIRR/ANE 10~200 nm. GKFANENZGW)
HNE RG IR S AVIE AL . BRI FRRA
RS AR OV, AH P A 48 K ) 55 3 B U1
Vs E 0B, Gl , GUKILE HAE. KA.
FLAFIFI B FLATI . LA PR IE oK AR
PER e PER 2, T E FH B R) E 2G E R T
TEPEFIRR SR RG] . BRI, &GRS
P B 12 B A TR — RV A 27 VR
AOC1 [R,  EARSR R AR SR TS R 52 202 1)
Kk, WECN 7T .

FARRMEER R EAFE 2. EE. B
MR, ARG, (KIS U
SR el ZX L Z (tea saponins, TS) & —FF A
¥ CRMF rhHEBUS 2 I =i &4, H
ghipr B S KRR RN K PR G 2, PRI R
AR RRARLIETER, BAFA. TR B
TERUT, ZR B2 EAEA—MRRRHTEA DR
s A B A ST TR ) 2 A s,
H E AW FEUE B nT 1R AR e ) & 4K TR 20 A
THEFE AP R, Rk, AL U ERN
KRR AL ) 2% K QET R 98 K F Csilymarin
nanoemulsion, SM-NE), #R7tHAE R IRFK 1
A £ SM-NE M T $& sk 6 & 208 i (1 v 474k,

RFF R LAWK ET R SR T A B BE e T LAl
FHUARA B v PE AR A T B 7 .

1 {EEHH

1.1 {Y&5

NICOMP 380ZLS B4 3O KL EE M & 4%, 55 [E PSS
KA A T SITA-10N-50 BYA VA TEEHL, TR
B ERAE PR AT, UV-6100 B ANy 66 AN,
SR A A PR A ] s Agilent 1260 7 w5y 250 AH
BiE, DAD fudl#s, £E Agilent AF]; C25 5L
56 % A WL L, IR LA & A PR A D
AH100D =i EBIBHL, INEE K ATS AF]; DDS-11C
H %L, PHs-2F pH it, EIFOCHERIZAE D
HIR/AT; KQ5200DE BUEz i FH g v sy, il
TS E R AT ; JEM 1200EX 3% 5 1 545
%, HA JEOL A#].

1.2 ##

KR A TR, #ES MUST-18101702, Jii &
9350 98.89%, AR S BRFEVIRHE AR A K&
# R FRZS (S GL20200508, 7 £ 80%) .
R (5 GL20200429, JFREDE 90%), 1%
INEEYIRE AR TT A JER. BRI (4T
af), A IR A PR A A R R H iR (&
MO BRIl CHAZD, R R TR
BRAA; FEE=FHM (MCT, &0, £H
Now Foods A ); HEalE. FNE. LZ4EE. Eah.
REWE, YR tral, AR TRA) s R
(A%, FEERH/RBHE (hED ARAR; K
MERR (i), MR AL TR s Z2E K
J2 SR = AR LA
2 HESHR
2.1 KXKERIF2NE
2.1.1 g AE @i FEN Capeell Pak Cis £ (250
mmX4.6 mm, 5pum); Kl 287 nm; BN
FHEE-0.1%IKBE R /K IA (48 © 52); FEIE N 40 C;
PRFRE 1.0 min/mL; BEFFE 10 pLP. HUSIEREL
FoK R AR THE MK T 5000,

2.1.2 OPREVEECH] RS S RREOK 6 =X R
mn 10.56 mg T+ 50 mL &, TG & H 5 A
EILA I, FINFREE R EZIEL, B, Bl g
JRERE N 211.2 mg/L (17K 68 22563 BRI R.
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2.1.3 AR IECH] RS E B KR
] 2 SRR T 50 mL S, NG & FF R S
fift, IR E R B2 LR, RS, RS IATR 1.

FE WL 1 mL SM-NE T 10 mL &34,
FEF eSSBS 15 min, INHEERZIEL, #2251,
FR A IR 2.

TS FPRTL, BRI 2 R
T A5 B XS BRI -
214 LEMEFEL RO SR, B aE
W1 PER AR 2 BT RAWR, A 0.22 pm 1)
LI IE I J5 , VN S RO L4, i 2. 1.1
TR o S A AT b . S5 R 1 R, K KA
R AR BE IS 18] 23538 8.30+ 8.90 min, [HPENT IR
AFERETH, B %A 52 B HAh 4 53 2,

HIEE R4
A 5'1| 3'1|7J<%E'“J 4
(1 \
[
B | (K B 2
[l N
\ N
1 ." [ “wf \\
U nA |V \ ~
A
I (| 7K R
I""LJ s ‘J \ AN
e —— I i
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Bl KEEREMER A). KKERERNZA B). SM-NE
Ham (C) FZEAKI (D) #9 HPLC
Fig. 1 HPLC diagrams of silybin reference substance (A),
SM coarse drug (B), SM-NE sample (C), and blank

nanoemulsion (D)

2.1.5 MR RFEE KRS H 4 1R) 7K K A
FER IR SR VAR 0.1. 1.04 2.0. 3.0, 4.0, 5.0 mL T
10 mL &, MW ERRZEL, R,
F0.22 pm BIRALIEREIE T 4R “2.1.17 TR &
WA AFHET HPLC 04T UK R8T S50 HE T K i
WRE (O AfEAAbR, XFRIETR (4D NI AHR,
b2k, HEATZRERDA, BRI N
A=21.328 C—5.733 6, R2=0.999 9, 45 FEH/K K
i FEAE 2.112~211.200 mg/L B A RIFRILMEL R,
2.1.6 /K VAT JFR 2K RET RN E R
FREL— 7 /K RETZR R 25T 50 mL &, i

ANHEGEFE R, MR E S22 EL%, H0.22
pm  PIBFL IR I A AR A O, A AR
MR 1, SPATHIES 3 4, 1 IRC2.1.1 700 ) HPLC
SAEFE T G5 RR 3 40K R ET 2 R 25 R
HK R BT i B U N 17.84% 17.40%
18.25%, “THME N 17.83%. K, #hE/K €HE & H
BEZA oK 6E] 5 ) o 02 17.83%.

2.2 SM-NE o3&

SM-NE [l % 77 14 s Y 1) -1 F 38 Jo2: 24
F4bT7 B B E TR, RS SRR AL Ty
K CETRFR Y, @A RS T Kb
HENEETFKET H—kd, MK HERRR
W ENFER, EEERERASIER, 1ERK
Fo BEAKARBINIHAR, ABAHEE, BEJE AT mE
B, WAL, RO N SR R LE —
S JE 1N AT R, RIS SM-NE.

23 RERFREZSEEREE (PDD HINE

EER T, HEBE KR 0.12 mL 49K I
FE& 25 mL, FEIEIEREE A, e kA PDI.
D5 45 A TATINGE 3 IR FHAME
2.4 SM-NE R4k 75 %k
241 FEEEEHE KHIRR SM-NE BT
[FRUA R B B i, HEE=R T E. e
SR, BERYOEELS, Hid A RZEN
B, MM SM-NE H14> 24831

Iy EA8H = (Ho— Hy)/Ho
Hov H: 7358 0+ ¢ W ZIFLRZ R = B
242 JHAHFRSERIIEIE RS AREAL T B K T
FERLZY, SR S%IMA CERR . JHER. K
HE R S A R MCT. ~F 25 H gD, K ATk «2.2”
WU R J7iEM#% SM-NE, =& N&E 30 min J5, W
SHAMU, ME P ki2 A PDL; JF HEBAES.C 2 h
Ja R oY EFRECNR R e b, B8 T A FEMIE
AR FLRCE R4S . PDI AR E PRI . 45
R 1 Fs, AR & R FBSMRA—, FEH
SEYRAE . PDL. 43 Z4RE AN o B RR I A I R
AR TS AL, R H S04 IR FR s
Ko BRI 7 P TR FH = 22 B H T B8 i AR 1) 2% i 7L
WESRRIAR LN, {2 PDIROR, H2rEe 8
MCT 8 K. MCT JyitiAH S & B FLIBRLAE AT PDI #f
BN, HEORettE, FIkR&ER MCT 1
N SM-NE (¥ #H .

2.4.3 AR EXT SM-NE [0 MCT /5 A4
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F 1 hEFMEXT SM-NE B9800 (X +s,n=3)
Table 1 Effect of oil phase types on SM-NE (X +s,n=3)

VIR EES SFH5RLA/am PDI L Loy EAREU%
BRI 2952420 0.141£0.039 FURA S, BBt BA KSR 6.56
TR 257.742.0 0.098+0.041 RS, R —EHYNET 3.33
E eI S TR i 182.1+3.5 0.237+0.096 FLHY S, RIEA D VFERET 0.83
MCT 221.5+3.0 0.070+0.012 FLR S, RIEA DT 0.66
FZEEH b e 2225427 0.231+0.010 FLHIY S, RIEDVFAYET 0.83

#1145 SM-NE, PASNUL. ~FHrkif2 Al PDI N3EkR, %
HMCT NEHE ERSEL 1% 3% 5% 7%-
9%) XFLIRIMFE, HI&TTEERE “2.27 T, 458
W= 2 frw, M&EMAAHAERSEM, FLRkR 23S
BRGNS, T PDI SR E IR . AN L
KA, MMM EIS 7% UL ER, PR A
PRIEVE, PRSI A T A, X LR T
ERAGF IR . R, ZRAREERIE . PDI A
AN B IS, 2R FRAE MCT FHE R 5%.
#2 HEAEX SM-NE BN (X+s,n=3)
Table 2 Effects of oil dosage on SM-NE (X +s,n=3)

A &=/% PR /nm PDI SN

1 198.144.9 0.10640.029 FLiK¥5]

3 199.64+2.1 0.062+0.022 FLiK¥%5]

5 227.04+2.6 0.03720.005 FLiK¥I5]

7 256.4%5.5 0.06710.004 FLiK¥5, Fikid
H/NIHERE

9 2782425 0.101£0.010 FLik¥%], FikiH
TRIZEVT

2.4.4  FULH (RE D FEXT SM-NE [52m  F
SRR 7 8 KRB 2 SR TR, N 5%
AR MCT, 520 5k 2 AR BCAS A FH = 45 2 3R
JREDEDHN 0. 0.1%. 0.2%. 0.3%. 0.4%-
0.5%-+ 0.6%- 0.7%), MIAATT&EFE 7K, %
“2.27 WiJ5iEHI45 SM-NE, il g kL4 PDI,
SRR 3 . BEERBREMEMM, KRR
Wik, HATHEE N, SHHEIAR 0.4%0, i
PRI IR EE . LUK PDI = 5 gk 5 38 K
o B, T RPRIAR AN PDI DA S R B % 1,
EERERHEN 03%.

245 SEEBUIERMNSE  REERIURE S ECON
0.15% 7K K& F ERZT A 5% HAH MCT, FRH
03%FKEBRET—EREEHETKF, EARMBIYIE
2 (10 000, 13 000, 16 000 19 000. 22 000 r/min)

% 3 HAWLFAEN SM-NE FHRZF PDI KIS
(X£ts,n=3)

Table 3 Effect of emulsifier dosage on SM-NE particle size
and PDI (X +s,n=3)

RER kIR

PDI AR
H&% nm
0.0 4447456 0.109+0.089 FLIKALHS), Z9¥pRmEk
LR
0.1 289.3+11.80.065+0.016 Fkz), DEZYIFIM
BRI

0.2 233.5+3.5 0.04610.035 FLEIHE, DERIMEKITT
03  209.0£1.5 0.043+0.016 FLiKHE
0.4 190.4£1.0 0.105+0.035 FLiKHE
0.5 186.2£0.9 0.085+0.031 FLiKH~E
0.6 192.8+3.2 0.066+0.011 FiKH~E
0.7 189.6£1.2 0.094%0.006 FLikH~E

TEIYL, 4% “2.27 TR R %% SM-NE, i H
SPEPRAEA PDL. S5 R 4 FoR, 4EIPEERN
16 000 r/min I}, f il % ] SM-NE [1]~F341 %742 F1 PDI
RN, AR R R FLR R /NE A, kAR S A TE
Fl 2. HBIE R KT 16 000 r/min J&5, SM-NE [
SFIRAR AN PDI#A /DG, 7] HE 2 B9 B U
R PG BIRIA KR Z, 0~ — B ik,
I, EFEBIIEZEN 16 000 r/min.

2.4.6 BRI BB E R RO =
IrER 0.15% 17K KA 2 R 250N 5% HAH, FREX
F 4 BEYEEXS SM-NE B80 (X+s,n=3)
Table 4 Effects of shear rate on SM-NE (X £ s, n = 3)

BYU)3E 2/ (r-min ") Pk 4% /mm PDI
10 000 207.5%6.1 0.048+0.028
13 000 2102423 0.073£0.005
16 000 205.6+1.0 0.04240.027
19 000 205.4+1.9 0.043£0.023
22 000 213.6+0.7 0.046£0.014




* 6532 «

FED 2021FE 11 H B52% 218 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 21

03% B R T —EEEE /KT, FEARFET (20,
40. 60 80. 100, 120 MPa) K, % “22” Wi [ Jy
i 4 SM-NE, 52 HF#5ki 42 F1 PDI. 45 a0k
5 FR, BEE IR IR, SM-NE KI°F¥kifs
A1 PDI 2 k/Nr#as, (B4 J7hn%] 100 MPa I,
SM-NE R4 A PDI S FRaiash, 1A 4k 4L
N L, FRERIRERERLARRE, LLRIE )
SR FU IR T &, 0 LR RS M T R = AE A
R, &I 718 100 MPa.

%5 HRESHX SM-NE I (X+s,n=3)
Table 5 Effects of homogenization pressure on SM-NE
(Xxs,n=3)

)i s /1/MPa P42 nm PDI
20 373.2+5.7 0.053+0.031
40 251.5+5.3 0.041+0.005
60 227.9+4.8 0.078+0.058
80 218.6+4.9 0.066+0.001
100 206.6+1.5 0.079+0.021
120 2062413 0.102+0.011

BE 5 5% 7T BMEIREL (4. 64 8. 10, 12, 14
O, &% SM-NE MIRiE5 508 (2173£3.2).
(2054+14). (2025+2.8). (2008+22).
(197.6+24). (204.0+1.7) nm, PDI % %N
0.065+0.023. 0.07410.028. 0.05140.023. 0.067 =+
0.008. 0.079+0.021. 0.046+0.004, B 5 IXEL
I3, SM-NE f°F- 3k 42 F1 PDILZ #2415
JRIREE] 8 YRI, SM-NE ) F- %042 A1 PDI L4t
BN, HARSEMA R IREL, PR A PDLRH
B Bk N BRIk, [RIFES RSB Re AR FIAX 240 FE,
AR 359 53 s g 3k K L 1R iR B T T e AN R R
W, PRI RIRECH 8 K.

247 BUEiREE  ARYE DL B SIS 1S B M R TT
Rl & T 22614 T 3 it SM-NE, 23 3l & 3~
BB A PDI. S5 LR 6, MRAESEFATH, 7EH
IR 255 A9 BN e Ak 5 F i 4 T 244, #il#&%

6 WIERWEZER (Xts,n=3)
Table 6 Results of verification test (X £ s, n=3)

ek FE¥RAR/nm PDI 7K K H 2/ (mg-mL™")

1 2069%3.1 0.051%+0.014 1.19£0.03
2 2029£1.2  0.063+0.026 1.24£0.04
3 202.5%£2.0 0.061+0.006 1.23£0.01

321 SM-NE ~F-#5 %1121 PDI /)N, Bl SM-NE H11)
kRN o E A, g2k, BRNERHBEET
AT I & T 24T, BA RGMEDM.
25 FREZENEBRENER
251 HEAREIVPAN  GEE, RORIIETIIGAGE
H1S 8 £ A BE/RHE % L (molar solubilization
ratio, MSR) FIRH-/KBLREL (Kw) Pl I,
ARSEEGIEPRIX 2 DN SHORIR TR B R K AT R 1)
R

(1) MSR: MSR & HREAL GV 0] 45 5 3G 7
VIR A ROR R0, e a] Bhse SN I = 0 21
T R RS A TR A R S T I =

MSR =(S:—Scmc)/(Ci— Cemc)
C R BEFNIERIKE (mol/L) (C>Ceme), Come Tt
O Bk B O R W B (critical micelle
concentration, CMC) I IIKEE, Siv Scmc 2 BT B A7)
VIR FEA Civ Come INHAJR IR AEAREE (mol/L); LI
VAR (Co XHARIKE (O 1EE, S&BRIREN
MSR

(2) Km: K RFEHIGIEVITE R 5 KA A
BRI BCE A, "RRN Kn=Xn/Xay FNH Xn
N R AE G R R P IR s B, Xa N TR
TEAAHH R R B X FTDATHECN Xo=
MSR/(1+MSR), X, AJLATHHN Xa=Scmc Vs Vv
KB EEJRAEFR (7,=0.018 05 L/mol), K, Kn
[T B A 2R AT AR IR 9 PR

Km=155.4 MSR/Scmc(1+MSR)
252 SEREIIELEE kg EREAEER S
B, T RIS (SDS) B 111 44E-80 (T80)
53 E T 10 mL FIPEARN A (SDS A1 T80 1E JyXf e
M, AN S mL ZEFK, 2 E— R
FEm T CMC BISGVE I, F-93 i m) AN [F) R B 1)
B I B K s R FRL 2,
fd2h)5, BT (25+1) CIHEE/KBIRG 12h, &
FIEMAR-THT )5, L 5000 r/min %% 3 B840 30 min,
G R ER 1 mL EIEW T 10 mL &4, A
IR BIZIEEZ, #2250, i 0.22 um fUFLIERE,
F HPLC 7 M RE K KB R & . [ANIREE
AT 3 Mo IRIEMEER, 152 RIS S
T KR BRI R, R 7 BTN

WRIER 7 255R, CLPIZAIRE (Cuean) N
ApkR, BEVEFIVERIREE (C) AREABFRER, P
2R R B A3V 7 Y MISR o 38775 751) 6 186 7 34 P
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F7 298K TR XEBREARKREGBFNBRPHRKNBHEE (Xts,n=3)
Table 7 Maximum dissolved concentration of SM in different concentrations surfactant solutions at 298 K (X = s, n =3)

o C/ KRBT | c/ K RETRBRE | c/ KR B KA
38 7571 . 3G 77 1 571 N
(mmol-L™")  f#E/(mmol-L™") (mmol-L7")  f#E/(mmol-L™") (mmol-L™")  f#FF/(mmol-L™")
KEER 2.20 0.060+0.002 SDS 6.00 0.17010.005 T80 12.50 0.260+0.003
4.40 0.09040.004 12.00 0.19040.003 25.00 0.35040.006
8.80 0.13040.004 24.00 0.38040.015 50.00 0.44040.007
17.60 0.1804+0.005 48.00 0.59040.014 100.00 0.58040.011
35.20 0.440+0.018 96.00 0.79040.016 200.00 0.660+0.009

W 2 fioR, R4 MSR iHEAG ] K, SIEHEFIT
MSR F Kin fH WL3E 8. HRAEEE R AT N, X T 7K KA 2
(PXGHRE /1, 3 FIIARIN MSR: 5.2 >SDS>
T80, InKm: ZRIEZE>SDS>TS80, M 3 Fti A7
CMC A T80>SDS>%E 3. nl L& CMC
IR InKn R/NIENIGF AR . A 2
ATDLE Y, AN [RIBGIE A0 7K G 2R (1 3GV S A
WREEAR AL B [FR e 2R3 I, m LB 7R b
FEN I R W 152 . Jyotsna ZE2SI4E H 1

1.29

n TS
4 ® SDS A
A T80
1.04
— 0.8 °
L
) .
g/ 0.6 o &
% | |
S 04+ o/ A
A
02 A
[ ]
I
0 T T T T T
0 50 100 150 200

C/(mmol-L™")

2 7£ 298 K TKYERAENEIREEATAR K2
%. SDS. T80) FHAMEHEE

Fig. 2 Solubilization trend of SM in different surfactants
solutions (TS, SDS, T80) at 298 K

*8 7E 298 K T/KKETRAETREILAFRRTH MSR
InKm

Table 8 MSR and InKwm of SM in different surfactant
solutions at 298 K

A MSR InKm
FRER 0.0111 2.31
SDS 0.007 0 0.82
Tw80 0.004 7 0.26

WA A e ) 2 ST e A R T e T 45i,
HEAH B CMCE 37 LA B s a7,
ARSI A 25 R NGF 5ix — AT . Ak, X
T RAE R AT AR A A% O CER B 7K B B T )
(IR, HIGTE 2 A IR EAR B A
(PISE TSN, BT DA v 5 2 Il o 3 7 VA VR
(RBE NS 2R PR NS, SR, RARBIEFIR B
FO K TR A RUR LA G ¥ 575 SDS 8% T80
X 7K ] 2R (1) HG I ARR

2.6 BUMRER

2.6.1 SM-NE Fy2RALUT] &R e 790K
FLIR BRI, oy HIHEE ) SM-NE T 2 3CAH
[FRRS E B, I BOE R R E ORIE T
Jekl) R GHEMEGED ImRE F, W
2 POLBHEGUKR I Y BORFE . 25 T LR
£ SM-NE H 97 U8 B2 KT 25 PHALAE SM-NE (14
Bk EE, A 0L SM-NE A O/W gk 7,

2.6.2 SM-NE [4h3 8k iE 9 1 B s
(TEM) M%7 SM-NE HI4PMIER . Kb &
SM-NE H#iBs G /e -, 7F 5~6 min 5 %%
RIFLR, FEIIN 1% AR T 4%, 5 min
JEWR 22 RIS, KBTI E T TEM T3
IR, g R WK 3 B, AL SM-NE i 2
FERIR, KANEE], TEARILT.

2,63 HLFHRINE RIS TR T2
171 3 #it SM-NE, =i NFE 2 h JFillE i T
., M1 SM-NE H - FZFFE 5008 (117.4+
1.2). (118.4+0.9). (118.7+1.3) ps/em (n=3).
2.6.4 pH {AMNE IZHEHELT IR & TEF
1TH#% 3 fit SM-NE, =i FEE 2 h j5zEH pH
fH. TS SM-NE [ pH ~“F-¥3{E 53 7314 7.2740.30,
7.4140.10. 7.25£0.20 (n=3).

2.6.5 MREERIE AT FE A T2 &
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3 SM-NE #J TEM
Fig. 3 TEM image of SM-NE

SM-NE, HZ# &7/ SM-NE ## 1000 1%, =&
N RSN SO EE VI E HAE 680 nm AR IE L 2,
FRIE A AR SR, Bl EEE 3 K.

t=v/I"'In(Zo/)=v/IIn(1/T)
T FORIMEE, | TR, v TR, L RTOE
2 HRRE 5 R B s e s ISR, 1 RorokiB it
WML 5 IS B s B, TREBILE

R L AT 5155 SM-NE [f3h &P 341
A (59.75+1.10) cm™ (n=3),
2.6.6 SM-NE /K QEIRIEMENE e fEat
75 Fi % T2 AT 4% 3 4 SM-NE, Fl HPLC #:i
5E SM-NE H7K R 22 1) SR RE, B I3 I 1)
TR “2.1.27 WA 2. 45 R W7 SM-NE
K RETZE SN (1.2240.05) mg/mL, /K&
Hl R AE K PR E N 0.038 mg/mL. A WK & #i
FAE SM-NE VISR = 1749 30 fi%, SM-NE
BB T REFIGEER
27 BILRREMER

o R f A T N & T E P AT R 3 ik
SM-NE, 4356 mL TE.0EH, 7E 4000 r/min
(P 5.0 30 min, A% SM-NE {5, I
JE DTG SM-NE IROGE (4D, 15 SM-NE 1)
B RREER (K, KK, S0fe ),
PEAN SM-NE &5 Cofe e 1B

K=A41/40
Ao HAVKILE DG A 1, A AGKFLE LTI 4 14

SM-NE B0 JEERAEE, wADE. 2kt
WAFEESEAFREM S . SM-NE SEOLATH Ado=
0.321+0.003, B0/ 41=0.3061+0.002, K=
95.3% . SM-NE [ 7ML 5 8 28 AU 38 2500 RO 52
Al L PASS R R A RAR AN % SM-NE HHE R
GBSO R T

28 fEGFREMER

RIE AT A% TF, #14% 6 43 SM-NE
HornEZETA 4 CHINE 3 hiFkE 90 d, MEIH
M, HFH 0. 15, 30. 60, 90 d llE SM-NE [¢)°F-
BIRIAR A PDL, BRAAE S FATIIE 3 IRECT-341E .
fEAF RS E MR SR IR 45 SR ANSR 9 FioR . AE K7L
e, EIA 4 C N EAE SM-NE %A L5
B REMBEASEAMaeILR. EFEEM4 CT,
SM-NE HkifEf b &K (<20 nm). SM-NE ]
PDI /£ iR A —E K, (A 4 CTFRA R
Ko W, AR R RNAMNFIG]ET SM-NE 1E%
B4 CTH et R, IEHAR 2 RIENRARAL
T L -] £ i A7 e M R 47 SM-NE.

# 9 SM-NE MIfEFREY =3)
Table 9 Storage stability of SM-NE (n = 3)

IR /mm PDI
IR 4C R 4°C
0 202.40+=1.14 204.561.97 0.032+0.027 0.026+0.026
15 213.60+£4.20 212.17+4.07 0.07010.047 0.04240.042
30 213.04+2.18 215.87+1.43 0.07120.049 0.039+0.020
60 225.37+1.07 216.17+2.90 0.075+0.041 0.019+0.019
90 220.87+4.23 224.27+3.43 0.14720.154 0.062+0.089

t/d

3 Wie

AR SISAHT FH v T B DG v PR 33 R 1% — = RE L
1L 4% SM-NE, J HERIhi & T hifd /I Kifz sy
Ai ¥ 5] H R 2] SM-NE, [ 3840 1K BESL
MOEAEAE (AT WL 77 5k BE PN e i K58 ) R

ARSI R IL T A R AR AR ARG I ) ) %
SM-NE iy n] RetE, FEXTAril (1) SM-NE 4T 1 3
et R AR E 5. RS R BN, DA
BERANFAF R I E & T SM-NE, il K FKH 5%
337 SM-NE WA OK G2 HE 0.15%,
FEFEHE 03%, MWHHERE 5% MEdts L2
(BII3E 2 16 000 r/min, BIINE] 3 min, $35E /)
N 100 MPa, ¥JFIRECH 8 V0, X —&5 FONA R
A BN A A A T A 2% T Z885E T
Behit, IR B RER LR, FRERMNK CEIR
BE REFRIGERCR, wTLAEAARE G E 7 H T
SM-NE il £, 11 &l e 45 RAUESL TIX — 4518
K ®HE]ZAE SM-NE 91 RIS A T 20 =& HAE K i i
FER) 30 f55). R g BB R K B R FEER SM-NE
HERIFHEOREEMEAfE, TR ER
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A AR MR ARG 9K L
SRR, ASSERAIESE T AR B R N RIRILAL
FRIl] £ K R FORT R SR KRR R AT, XN
W R e LKA R ) A R AR AL TR RIS AN T T
T TR 1 IR I S22 B JERATTHR F8 A J fol  A
R, B B AT DR 4 L ELJE I S B A 2330,
BEAh, RERCOHPAER R L4 MR 25
B, 25 B, SRR A e
I DRI FLHIR B A= 2 rAT I, (EX TR
DR A SNV E . RN R VESE R
TERMEN] . ARBAR X R ERFEN SM-NE
(2 B PE AN 2 M REAT T IT, AN IR E RN
SV TR KB 25T B S £ 1) 7R A B kA
FBFRR PARAEHENFARELEAGZFR
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