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B E: BW DR RS & AR YK R (dihydromyricetin stevioside nanomicelles, Dmy-Ste-NMs), %%
HAROMREZAT N AR N ORI AT N Foik ERRFEERIATHR T, EEAYTEIREE . B 560 57 R B A B[R]
NEBFZMK Z, Dmy-Ste-NMs GlE R 28 N %845, KA Box-Behnken 13113 1% (Box-Behnken design-response
surface method, BBD-RSM) {24k, Dmy-Ste-NMs 4t 77 1.2, HE:%5 T % Dmy-Ste-NMs #57K . i& 5 L7 5 Bt (transmission
electron microscope, TEM) #%Z Dmy-Ste-NMs FOIER, X B RKATH (X-ray powder diffraction, XRPD) A4 &2,
BT AR Z4T N . SD KR ig 4 F Dmy 1 Dmy-Ste-NMs ¥y A, MIEIMZHKE, A% N, 5 Dmy-
Ste-NMs AXTAEMFIHIEZ . 455 Dmy-Ste-NMs s 4077 N2 FTRHE 11.24 mg/mL, SHATHEH TR 79.75 mg/mL, $i
PR ] 1.36he fdtEe. #iZiE, Kifs & C AL BN (90.56+1.17) %, (10.9240.16) %, (7.17£0.65) nm 1 (~17.53+
1.56) mV. TEM 453 75 Dmy-Ste-NMs 4 5Bk, XRPD 45 5R &% Dmy 7E Dmy-Ste-NMs ¥ K 528 N ETBA, &
SMRE BAAZRERHIE. 23045 R 7R, Dmy-Ste-NMs [UIEUERT 8] (fmax) $2ETZE (0.71£0.17) h, WM (1) EKE
(4.3340.59) h, EERE (Cua) FARXTEDIRIFIEZ 7 AIGINZE 3.83 f5A1 4.60 5. £5i€  RAIEH AR H %5 1 Dmy-Ste-
NMs BEF AN BRARE. ERAEA SRS, BEMHET Dmy /& ARIK.
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Preparation, characterization and oral bioavailability evaluation of
dihydromyricetin nanomicelles using stevioside as carriers
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Abstract: Objective To prepare dihydromyricetin nanomicelles using stevioside as carriers (Dmy-Ste-NMs), release behavior in
vitro and oral pharmacokinetic behavior in vivo were also studied. Methods On the base of single factor investigation, drug
concentration, stevioside concentration and stirring time were selected as main influencing factors, entrapment efficiency and drug
loading were used as evaluation indexes, Box-Behnken design-response surface method (BBD-RSM) were employed to optimize
prescriptions of Dmy-Ste-NMs. Powder of Dmy-Ste-NMs was prepared by direct lyophilization method. Transmission electron
microscope (TEM) was employed to observe microscopic appearance of Dmy-Ste-NMs. The crystal form of the powder of Dmy-Ste-
NMs was analyzed by X-ray powder diffraction (XRPD), and the in vitro release behavior of Dmy-Ste-NMs was investigated using
dialysis method. SD rats were administered intragastrically with dihydromyricetin and Dmy-Ste-NMs suspension, respectively. Blood
drug concentration was determined, pharmacokinetics was compared and relative oral bioavailability was also calculated. Results
The optimal formulations of Dmy-Ste-NMs: dihydromyricetin concentration was 11.24 mg/mL, stevioside concentration was 79.75

mg/mL, and stirring time was 1.36 h. Envelopment efficiency, drug loading, particle size and { potential were (90.56 £ 1.17)%, (10.92
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+ 0.16)%, (7.17 £ 0.65) nm and (—17.53 + 1.56) mV, respectively. TEM revealed that Dmy-Ste-NMs were spherical in appearance.

XRPD results showed that dihydromyricetin transformed into an amorphous state in Dmy-Ste-NMs powder. Drug release in vitro had

obvious sustained-release characteristics. Pharmacokinetics showed that fmax of Dmy-Ste-NMs was shorten to (0.71 + 0.17) h, #12 was

increased to (4.33 = 0.59) h, Cmax and oral relative bioavailability were increased to 3.83-fold and 4.60-fold. Conclusion Dmy-Ste-

NMs prepared with stevioside had the characteristics of small particle size, high drug loading and obvious sustained-release

characteristics, which significantly promoted the absorption of dihydromyricetin in vivo.

Key words: dihydromyricetin; stevioside; nanomicelles; Box-Behnken response surface design method; pharmacokinetic behavior;

bioavailability

— A Mt (dihydromyricetin, Dmy) 7] T
R A & B A IR, BT A R A
gy, HAPUMIE. WHRER. PRy B0
I A 24, SD KB Dmy S K 52 5K
T 5.0 g/kgll, R Dmy 4 m. AREANS
Dmy f£ 25 “CZE/KH RV (246.19£2.90)
pg/mL, FERALL B WORTSEALLIZ R ()3 7K 7 TiE 2R 4
3908 1.53 F110.930), J& T (EMZGHIE KR 50D
TV R, RN AMRE N, fERTET 5 1%
figle), H. %% P-FEEESMERmE, SEOCR DR
PRI FEEAUN 4.02%9). H AT, Dmy £ FEA 55
. BEIRE A, MRk 7 0012), [ 4455
BRI E EWiaettz, HEANURE S S
RS, FEMfEORCR . TR R GoKRL AL T R
Kz, TZEIR, EIRIRET TR TIN5
KMANVEFEE, w R ma R %2, BT Dmy
Iy FEER R, SECOLEK, TR G AR
), SRR — AL T AR R A& S AR A
R 1 v R B 2 2 Ak

KR (nanomicelles) E A il 4% 1T 20 faj ¥
WAES . REtEEENS, Wm&ZEAHRE
RVEIST AH R AR FH BRI BT A A AE T FE B E
Wk o W E . MRS e sk a0, AN
FITGUK IR ARG R F AT, PR ek i 2 () it
T HOCHFS RIS BRI KL i
(stevioside) /&I RIRMIR HH ], FERIFET
Etag. DR, B R TEEY), 2 R
R, AHA 2 AR AT, & T RS R E . IE
JHESE NTE o AR W B 254 rh BAT GRS 7K P s R
FERNSE KRR 2 R 2L, TE/KAR R AT B A 2E T Rk
WEER, AR WA E AR T ORI RI00200, A/ il
FI AR B . R R B 2R 1 1) 25 9K TR R I TG 75
FINAEHIEFNCY, AAEEA NI FIRE R, w1
RSB A A IR B A B A A2 AL H, B H AT I
FH I N B TR

AHIEFUAL R R 0 /R N EAA, K Dmy 2% B
" A Mg AP 99K IR (dihydromyricetin
stevioside nanomicelles, Dmy-Ste-NMs), X Box-
Behnken ¥ 11 - % B [f] % ( Box-Behnken design-
response surface method, BBD-RSM) fii4t. Dmy-Ste-
NMs 477 TZ, FEELHABNE . bk
&L, LA SD K ig JE1ARN 258022474, N Dmy
BRI R AT R, O E SR EGR R
W N RS Bk
1 UBESHHR
1.1 48§

XPR B M K, Hi LR ECR 2 A IR
AF]; WH260-AH BUEIR R ieas, b geiis
RARAF; 1200 2= RGHAH A (HPLC), 3£
[ 224846 /A 7 ; STRIKE 385 AU jiedh 7% &A%, ALl
SR ARAGIRAT; JEM-2100 B35 5 fi 7 B ist
(TEM). Fringe EV B! X ¥poRATHAL, HAH T
&4t Zetasizer Nono ZS-90 BLHi FEME AL, Z[E
TR/ 7] Nicolet iS50 7 fd B4R 3 21 Al i
X, Z£ [ Thermo Fisher Scientific 2 & ; MDS-2008DS
BB T Z MR R AR AF]; FD-
1AS0 B BRI, Jb 1 B2 R S BeAA A B
AT FA40 BROEARIRUKAR, #8 E SATE A A BR
F]; LHS-150SC RUMEEERAE, s B s &
AIRAF]; GL-25MS B Eid 0L, i /o e
OHULESA IR 2 7]

1.2 ##

Dmy X[, #t'5 ALB-202209, J5i &4 %
98.0%, [ Albaugh 2vw]; Dmy JEEIZy, #t5
20221001, JiED% 97.0%, HIB/RAEVREA
BRATR; S ZAT RS, 5 BA0900S, i
IEL 99.0%, M ARG ARAR; &
FHETE, L5 YS20210801, #EIRTTHE K 20\ AT PR
Al BAGER, JeRkal, bS5 20240111, Rifgagisn
R A A PR A ] .
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1.3 =
SD KB GHEZ), WS, WA A
Yy Ay, YFRNESR S SCXK-2020-0001, 445 &
(2204200 go AN ML B AR Bt A
5N 2024061101, BT 3455618 05 545 PN Lol 82
FR B A RS s EBAE H E, BIRF G
3R JE I
2 RS
2.1 Dmy-Ste-NMs ;R 2% KX HMARBIH &
B4 75 & Dmy AR 22 20 mL 281K,
fRIREW, BT —ERERKEF, 600r/min i
L HE R e WA, SR 0.22 pm AL EEREER,
ZEVEREN N Dmy-Ste-NMs Vi 2 . 5 Dmy-Ste-NMs
TREWT—45 CUKFHTAE 3 dCA NG TR,
T30 CHTHLH 2d (EZER S0Pa), HUHEE
7% Dmy-Ste-NMs #3K, BT F/@aEHR_17. Btk
Fedh (RS Dmy) [RVEH1% .
2.2 Dmy-Ste-NMs B ZRMFAENE
221 k% @ik FEA Diamonsil Cis 1 (250
mmX4.6 mm, 5um); ViBIAHA 0.1% F BRKVE -
N (30 2 70); KA 291 nm; BEFEAAFR 10 pLs
FEIR 30 C; fRFAME 1.0 mL/min; FRSESHR DL
Dmy i+ AMIK T 8 000,
222 LMK ARFE HOMEEH Dmy FREIKRE
N 2.00 mg/mL KI5 R i, BOE R, KA K
FBEECHI R 8.004 4.00+ 2.00- 0.50+ 0.10+ 0.05 pg/mL
ZAIKHIE SR, T “2.2.17 TR (i &R e
Dmy & EKE (X MR (), Sz
T2 Y=18.426 5X—0.097 3, r=0.999 8, & Dmy
£ 0.05~8.00 ug/mL f77F R UF IR R .
2.2.3 Dmy-Ste-NMs il fiad sl #¢ B Dmy-
Ste-NMs JE&7K 1 mL £ 100 mL &3, INZE 60
mL, 200 W IhE#A 6 min, A G INCEERiRE €
2o 022 um ALIERE ET, FEEELLIETR 0.5 mL
% 50 mL =, N EERRE 2 2 RIS Dmy-Ste-
NMs i 5 I -
224 ELEMEEE i 2237 WUN kS
FERA, 5 Dmy SIS AT Dmy-Ste-NMs
BRI, % “2.2.17 TR R S BEREI 2
SR 1, Dmy i IEAZH AT T, €.
PERT -
225 FHEEEL  WUREIKEN 0.05. 2.00. 8.00
pg/mL Dmy X HE SR, 4% “2.2.17 BT ik 26k
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A
Dmy
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Dmy
C
0 6 12 18

t/min
1 [FAM##& (A). Dmy 3188 (B) 1 Dmy-Ste-NMs
#da (C) B9 HPLC
Fig. 1 HPLC spectrum of negative sample (A), Dmy

reference substance (B) and sample solution (C)

HELLNE 6 X, THEAS Dmy WEHIF RSD 7374
0.83%- 0.21%~ 0.24%, 25 F3R B IZAEKE 2% FE R 4T
226 FaEtE%E B Dmy-Ste-NMs ik 5iA
BT ER G 25 C. MXHRE 50%), 73751
%5 04 24 6. 12, 18, 24h, % “2.2.17 i F it
At fr e, iHE4S Dmy A RSD A
0.90%, 45528 Dmy-Ste-NMs {Ei f iAW (E 24 h
PR E P R AT o

227 BEEMH% B Dmy-Ste-NMs JREIR, %
“2.2.3”7 WURJ7i%414% 6 4y Dmy-Ste-NMs i i i
W, FEiE “22.07 DUNEAS KRN E, THHEA
Dmy FiEREZH RSD N 1.82%, &5RERHZITk
HEE R

2.2.8 NFEENLEZEEE B Dmy-Ste-NMs i8R
0.5mL, & 100 mL &+, L9, sk, .
= 3 4, 2l Dmy XTI S AR OB BRI EE A
2.00mg/mL) 2.5. 5.0, 7.5mL, % “2.2.3” W ~J7
1525 Dmy-Ste-NMs sk, 4% “2.2.17 TR
RS> I E Dmy &, THEIMAERIE ., 45
R, Dmy B INFE EU 2 100.43%, RSD
R 1.20%, 25RFKHEITIEERER S .

229 QFHFMEAGEME K Dmy (m wse),
F52.17 100 J5 14145 Dmy-Ste-NMs VR, i 0.22
pm UFLIERE, e ZLYERH Dmy i (m ane);

HU Dmy-Ste-NMs JREH B R TR, FRERE
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(m wsw), TH Dmy-Ste-NMs ' Dmy [P35 A1
2 E 1021,

I =m wun/m pun

HAE=m uns/m wpme
2.3 Dmy-Ste-NMs f 20 § BBALNE

HY Dmy-Ste-NMs Vi & 28 1H/K ks 20 5, T
L £ I 5E A3 _E 43 7 € Dmy-Ste-NMs [#1¥i4% . PDI
fEAN § HLL
24 BHEZHEEZ Dmy-Ste-NMs &5 TE
241 ZWIBUREIRIEHEEE  [HE M A R
4 80 mg/mL, JKIIRFEAN 30 C, HHEHMTEN 1 h
AN, S PT R LN Dmy-Ste-NMs {03/
R HZE . RS CHALRISE I, SRNE 1. B
BV ER I, Dmy-Ste-NMs 35 ZF01 ¢
R AR T B B BT e A, W
B A 3 B A2 7K P B 2SI B RS, £9.%K Dmy
P2 BRI - 2590 &R FE X Dmy-Ste-NMs £ 3
R EFEECR, JFERBA M ERE 5~
15 mg/mL #HATE— AR

xk1 HYREBREFW (X£s,n=3)

Table 1 Effects of drug mass concentration (X +s,n=3)

AR/

WEEY% HAR%  KfEhm  (HEA/mMV
(mg:mL™)

3 9472+ 1.11 3.45+0.12 6.801+0.69 —18.24+1.06

5 94.58+1.43 5.62+0.16 6.81+0.52 -17.97+1.39

10 90.41+1.02 10.04£0.18 7.72+0.72 -17.69%2.01

15 72.69+0.87 10.9810.13 6.64+0.48 —14.81+1.58

20 55.87£0.99 10.9210.17 8.15+0.67 —14.56+1.26
242 FHAFEEEIREES  [HE MR ERE

4 10 mg/mL, JKHREHN 30 C, HFEHEA 1 h
AT, 5 52 HH 56 B 3 =R 6T Dmy-Ste-NMs
BER, WE. KM AN, 4R 0%
2. Dmy-Ste-NMs 35} 3 [ 25 Fif 2 5 1 o3 5k 52 3
TN 2R IG N, 3% B3 I 5 B O R R R T3
hi Dmy-Ste-NMs €355 %2 ; 45 24 12 Jifi 45 il 4 W 0T =
WEERIIG N, RIS TR, A
H B KB 82 0 Dmy-Ste-NMs 2 & .

Dmy-Ste-NMs 715 [ % ilf 5 B+ o7 & < B2 38 i
BRTESN, (HI/NF 10 nm; H 30 R EIREXT ¢
HLA M AR BN, HAaHEIAAE 17.00 mV £ 4.
AT DLiEH 2 B TR BE XS Dmy-Ste-NMs Gldsf %Al
WARECR, o eIk P4 hE i =R E 70~
90 mg/mL HHATHEAL .

®2 HFNEERERENEW (Xts,n=3)

Table 2 Effects of stevioside mass concentration (X £ s,

n=3)
LiEsL sy X ., ,
] AR AR RfEmm  (H/mY
(mg'mL™)
60 67.12+1.19 9.4140.19 5.8410.44 —16.87£0.89
70 83.2940.97 10.5340.14 42740.66 —17.72£1.16
80 92.32+1.22 10.2140.20 8.62+0.47 —17.50+1.24
90 94.06£1.54 9.31£0.15 6.91£0.52 —16.98+1.08
100 95844140 8.54+0.18 9.8510.46 —16.72£0.96
243 KRR EHEL BEAWREREN 10

mg/mL, 4G5 R IRE Y 80 mg/mL, $iH1:H [H]
9 Th 2R, HEKHRFEXT Dmy-Ste-NMs £
BIE, HGE . RARM C AL, SR IR 3.
BE & /K IR 31, Dmy-Ste-NMs 035 A% 24
BHREINE T REES, FTRRIEEXN Dmy %
A — s, TSR 25N Dmy-
Ste-NMs W, {H Dmy 7E5 S B R R A T4,
b e Ril6:221, f 2% Dmy-Ste-NMs 35 5 155 24 &
R NBRACIR N 25 AR e e SR, Wik
PR IREE N 35 Co
244 PPN EEE B4 EREN 10
mg/mL, &5 RN 80 mg/mL, 7K
N 35 CHAEN, HBEEHFER A% Dmy-Ste-NMs 3,
B, WE . RARH CRALIIFZNT, S5 R 4.
FERT a2 h |5, Dmy-Ste-NMs B3 R Fl13k 2
HHIME TEEN, "WaEZFN Dmy 785 /K%
ARG E R, KB ] B 2 %
R3 KABBEHFE (X£s,n=3)
Table 3 Effects of bath temperature (X £ s, n=23)
KIBREE/C BHE% HARE% Hffmm  {HA/mV
25 82.44+0.96 9.0710.22 4.97+0.39 —17.26+0.89
30 91.824+1.41 10.12+0.14 8.62+£0.34 —17.47+0.97
35 94.734+1.36 10.4710.16 5.78£0.34 —18.021+0.94

40 87.65+1.58 9.68+0.21 8.24+0.48 -16.79+1.12
45 80.26+0.98 8.73+0.17 6.92+0.53 -17.13£1.07

F4 HHFENEE (Xts,n=3)
Table 4 Effects of stirring time (X + s, n=3)

BLAPR /A BER%  BAE/%  RifEam  {HA/mV
05  86.73£1.04 9.41£0.20 7.7940.64 —15.85+£0.87
1.0 91.17+0.96 10.02+0.18 6.67+0.28 —16.92+0.94
15 9423+ 1.18 10.3940.16 4.60+0.52 —17.53%0.56
20 89.70%1.34 10.09£0.19 5.194+0.44 ~17.38+0.69
2.5 85.2340.98 9.40+0.11 7.974+0.58 ~16.89+0.78
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fiFt1622], LT 2 Dmy-Ste-NMs [ TR 25 & .
AJ LA REF A % Dmy-Ste-NMs A3 R F148 245 B (1)
UMK, JE Sk PR R 1] 1.0~2.0 h #4741k
2.5 BBD-RSM ffi{t Dmy-Ste-NMs &5 T2

251 14k 7%E Dmy-Ste-NMs 4t J7 T.ZH AR %
SRR IR L . AT T IR P AN R
[E]%} Dmy-Ste-NMs 56, #ZEIIMECR, #]

SAERBERE Xy Xov X3, 7% “2.47 TR A
RERER, BPWERKFRENR 5. EF
Dmy-Ste-NMs [ M A EENHL R v A
Y2, %H BBD-RSM {4, Dmy-Ste-NMs 475 T.25.
%32 5 AAEH&AF LT TEZ /K Dmy-Ste-NMs (-
1T 3 4, e HP AR R A =, 4R 0
x5,

%5 BBD-RSM FEZEKFE., AL ITFER n=3)
Table 5 BBD-RSM factor level, experimental design and results (n = 3)

F5 X/(mgmL") Xo/(mgmL™')  Xs/h YW Yo% | PS5 Xi/(mgmL™") Xo/(mgmL™") Xs/h Yi/% Yo%
1 5(-1) 90 (+1)  1.5(0) 9189 477| 10 5 80 20 8026 468
2 10 (0) 70(-1)  1.0(-1) 8274 1032 11 15 70 15 7269 1229
3 5 80 (0) 1.0 90.21 5.22 12 10 90 20 7202 7.15
4 10 70 2.0(+1) 7044 871 13 10 80 1.5 91.65 10.08
5 15 (+1) 90 1.5 79.23 11.01 14 10 80 1.5 93.04 1041
6 10 80 1.5 94.14 10.56 15 15 80 20 7043 1094
7 10 80 1.5 9298 10.21 16 15 80 1.0 77.14 11.76
8 5 70 1.5 88.87 5.79 17 10 80 1.5 91.87 10.30
9 10 90 1.0 85.62 8.46

2.5.2 BMG KTT 75t K H Design Expert V
10.0.3 #A4%F Dmy-Ste-NMs fld % v, ME 25 & 1>
HATHA, BAHEE VTR 11=9247—647 X1+
1.75 X,—5.32 X3+0.88 X1.X2+0.81 X1.X3—0.33 XoX3—
3.88 X12—5.69 X22—9.35 X352, iR P<<0.0001, 24U
T P=0.0576, R2H1 Ragi® 737174 0.981 9 F10.958 6.
AR Y, HFE ¥2=1031+3.19 X;—0.71 X,—0.54
X;—0.07 X1.X>—0.07 X1.X3+0.08 XoX3—1.18 X;2—

0.67 X:2—0.98 X352, Fi% P<<0.000 1, RHUT P=
0.0889, R%Fl Ry 535129 0.994 1 1 0.986 6. X T
AER Y MR Y, TR, 730 4.14%A
1.34%7% e AN Re AR AL RS, SO SZ I B df 3
Yy FEZ & Y, AT T Dmy-Ste-NMs 477
L&

TESMEER (X 6) SR, BER v AT
Xiv X3v X2 X2 f X2 AR EEMZER, X A

+=6 HENW
Table 6 Analysis of variance
WH B : — ‘ —
~FJ7H ¥77 FE PlE P A ¥ FIE PE

iRt 9 1214.80 134.98 4221 <0.000 1 101.07 11.23 131.69 <0.000 1
Xi 1 334.63 334.63 104.63 <0.000 1 81.54 81.54 956.15 <0.000 1
X 1 24.57 24.57 7.68 0.0276 4.09 4.09 47.96 0.000 2
X3 1 226.42 226.42 70.80 <0.000 1 2.29 2.29 26.85 0.001 3
XX 1 3.10 3.10 0.97 0.357 8 0.02 0.02 0.20 0.669 6
XXz 1 2.62 2.62 0.82 0.395 1 0.20 0.20 0.23 0.646 3
Xo X3 1 0.42 0.42 0.13 0.7270 0.02 0.02 0.26 0.6233
X2 1 63.40 63.40 19.83 0.003 0 5.85 5.85 68.58 <0.000 1
X? 1 136.10 136.10 42.56 0.000 3 1.88 1.88 22.07 0.002 2
X2 1 367.74 367.74 114.99 <0.000 1 4.07 4.07 4776 0.000 2
FR 7 7 22.39 3.20 0.60 0.09

JAAH 3 18.33 6.11 6.03 0.057 6 0.46 0.15 4.54 0.088 9
S 2 4 4.05 1.01 0.14 0.03

MEE 16 1237.19 101.67
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FREMEZER:; AR LEET X, X X6 X,
X2 0 X2 A E .

2.5.3 WANI R AL T TEME  ARYEESL AR
AN 2 B B A AR 7y 3 2 i A 5 3 A T
E, ORI 2. WEMERMSRZEL AR

96.0 1 ] 97.0
= =
e 84.0 | [ 82.5
k) | ®

R
]
=)
=N
5
=]

18
Xho 13

850 125
Xo/(mgmL™) 750 - 7.5 Xi/(mgmL™")

4.6 4.4

127 1 . 125
S ~ S |
i | | |
o 87 i 84

85.0 125 18
Xo/(mgmL™") 75,0 7.5 Xi/(mgmL™")

Xih 13

B, XIEZ25H 70%~95%F 4.5%~12.5%, 15
Dmy-Ste-NMs 5 fE4 77 T 20: 25l Bk N 11.24
mg/mL, &5 RN 79.75 mg/mL, HiFER
(24 1.36 h; ARHE“2.5.27 5N 4 & F7 R TiL Dmy-
Ste-NMs [E F N 91.50%, #HZiEN 11.10%.

95.0 ¢

82,5+

2R/ %

1) 5 18 - 850
7.5 Xi/(mg-mL™") Xsh 13 - 75,0 Xo/(mgmL™")

AR/ Y%

7.1+

125 1878 . 850
75.0 Xo/(mgmL™")

7.5 Xi/(mgmL™) Xsh 13

El2 AEREZEMBHEMPHENYEE

Fig. 2 Response surface of different factor on envelopment efficiency and drug loading

2.6 Dmy-Ste-NMs 75 T ZI0E

SEATHI 4% 3 it Dmy-Ste-NMs, 73 51l & 0.4 %
MR Zia, FtEA R, g5 R 7, A
FNERLLG AN 22 53 7 H—1.03%F1-1.62%, 2%}
HINT 2%, RIS R 32 2 A A
RIE S B R, RS . 5715 Dmy-Ste-NMs
H ki N (7.17+0.65) nm, PDI &y 0.040+
0.008, HRiffsrAm LI 3; CHIALNY (—17.53£1.56)
mV, HALS A ILE 4.
2.7 TEM

¥ Dmy-Ste-NMs JREIRMFE 20 7%, BUFE MR

FT7 WIFSEWHER (X+s,n=3)

Table 7 Results of confirmatory experiment (X £ S, n=3)

iH ([EESEA R/ %
SEFMA 90.56+1.17 10.92+0.16
ToE 91.50 11.10
I 22/% -1.03 -1.62
0.1 1 10 100 1000
4% /nm

3 Dmy-Ste-NMs #1257
Fig. 3 Particle size distribution of Dmy-Ste-NMs

AR E, 1.5% BRSNSt  HE KT T I
F TEM s, o TEM I B E N 200 kV, JHOK
409 12 000, 255K WLE 5, AT 0L, Dmy-Ste-NMs
(R A2 5 0L B s A A3 R 42—, 3878 F 10 nm,
TER IR o

-150 ‘ *SIO ‘ 5‘0 ‘ 1;0
¢ HfL/mV
4 Dmy-Ste-NMs #Y § BB{iL
Fig. 4 { Potential of Dmy-Ste-NMs

o

& Z S At S5 g v
5 Dmy-Ste-NMs #J TEM
Fig.5 TEM diagram of Dmy-Ste-NMs
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2.8 Dmy-Ste-NMs ¥ G5 K& iA R BN E

P “2.17 TR J79%% Dmy-Ste-NMs VB E
PR T M K, Dmy-Ste-NMs 7R & . Dmy-Ste-
NMs # R & 2808 K Z 5 MWL 6. 237 )5 Dmy-
Ste-NMs (P42 N (6.69+£0.67) nm, PDI A
0.03940.006, CHLf N (~15.74+1.60) mV.

53 B0 & Dmy J5UEF245H] Dmy-Ste-NMs 7 K
BTHELBW (FEEOM, pH2.0). KRR
PR CEEE AR, pH7.4), A 20min j5 & T
25 CIEIRIED 2R IREE 2d, i 0.22 pm HFLIEN,
M B3EHH Dmy R . 458 0K 8, Dmy-
Ste-NMs 1 Dmy 7EAN [F] o H 0 A P 350 159 2 A
TEMERE (P<0.0D).

6 Dmy-Ste-NMs EEi& (A). MK (B) FIEAH R
(©) 53
Fig. 6 Appearance of Dmy-Ste-NMs suspension (A),
powder (B) and redissolved sample (C)
*8 BAMENELR (X+s,n=3)
Table 8 Determination results of solubility (X £ s, n=3)

TR (ugmL

e Dmy Dmy-Ste-NMs 3 K
[EPN=FI/T 194.82+2.63 1847.91+14.25™
7&K 246.19+2.90 2 006.58+11.68"
A 306.43+4.02 1 648.02+15.77*

5 Dmy E: “P<0.01.
*P <0.01 vs dihydromyricetin.

29 SEESH

X SR ARATH (X-ray powder diffraction,
XRPD) VE4AH 254 Cu-Ko ¥, 74835 & F07G
(20) 43514 4°/min F1 3°~45°, Bl Dmy J5RFZ .
THAGFEE . BERAY (Dmy 558 Lul[F
Dmy-Ste-NMs #} ) Fl Dmy-Ste-NMs #} A i i
T, 5% W 7. Dmy £ 16.8°H1 25.7° 2 Abfi7
WG, AR A Y XRPD B 5m L, #®
B ] IR A IR A ME Dmy AR 4004 7 Dmy-
Ste-NMs ¥y RHTESEH, Dmy B 2 ARFIERT ST IE

b
C
P S
ML,_‘__;
0 10 20 30 40 50

26/(°)
7 Dmy-Ste-NMs #3K (a). ¥IEREE4 (b). EHFHEH
(c). Dmy [F#}Z5 (d) #J XRPD 43R
Fig. 7 XRPD results of Dmy-Ste-NMs powder (a), physical
mixture (b), stevioside (¢) and Dmy bulk drug (d)

WG, UFEH Dmy BRI RE R AR T 22 .
210 HEEMTHIINNEIE (Fourier transform
infrared spectroscopy, FT-IR) 73#f

I Dmy A2 it YER S (Dmy
55 25 BE 1 LE A1 [F] Dmy-Ste-NMs #3 K )Fll Dmy-Ste-
NMs #rRiE &, SEAAHEL 11 100 HHEY
A1, 6 G SE RIS  FT-IR Wt 4544 D61 4 100.0,
FEMAARIRECN 16 I, %R 4.0, 251 IE 8,
FERZEE FT-IR Y, 3 399.14 cm™! B W4 SE F L i
59R7), 2936.89 cm™! A& C-H 4543, 1735.04.
1629.93 con™! 43952 C=O0H Ml C=C %Rz 1F
Dmy 524 FT-IR #, 3 480.82. 3 350.90 cm™ /&
Dmy FRMAEIRS) (von); TEVIHEIEEY) FT-IR H
SRR SN A 3 481.09. 3 351.07 em ! 4, {HTE
Dmy-Ste-NMs #5 K ] FT-IR H1i 2%, 76 3 347.18 cm™!
AEHSER 1 A TEIE, 308 Dmy BRI SR AT A
RAT RS E1EH.
211 MERITAMRRIREE

H Dmy JFUEIZ5 A1 Dmy-Ste-NMs ¥ A& & (fi

4000 3200 2400 1 600 800
v/iem™!

8 Dmy-Ste-NMs #K (a). $IEEAY (b). HIHEE
(¢)« Dmy [F#}Z5 (d) Y FT-IR
Fig. 8 FT-IR spectroscopy of Dmy-Ste-NMs powder (a),
physical mixture (b), stevioside (¢) and Dmy bulk drug (d)
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Dmy Jfi & N 40mg), HIA SmL IR (5 HE
FIlg, pH2.0) RS, HBRENLE GRS
S FIRE 8 000~14 000) 1, FLE, HH Dmy %
W COBERAAE, Dmy FiEREZ 8.0mg/mL) 5mL fE
SNt o SR AL, W 1000 mL /E A (37 C),
AR HE N 75 v/min. S A] ST HURE 5 mL J& 3L EP AR
B s mL 2 AR, 0.22 um FFL 8 IR e A
fi, HEFEDUE Dmy & & . FEVESRIEEDIGTR (&
JiREE I, pH7.4) FIBEZAT N, R IE 9. 10,
Dmy EEIZG1E 2 RO I I SRR IR IR
iX, Dmy W RAEBRS R RAEIEE3h 5
HIEL RS, PTEES Dmy 75 pH {EE S FIA
[R5 5 B iRA <0, 5 Dmy JFURIZjHEL, Dmy-
Ste-NMs 1§ Dmy REVB ARG 200 B30, HAH
GRRERHIE . BRI G RN 9, R » 7]
%11, Dmy-Ste-NMs 7EREHL B AU RE 24 55
MFFE Higuchi BRI Weibull B2

100
80
X .
5 60 —— Dmy 7K 24
%: —— Dym #
éz 40 —8— Dmy-Ste-NMs #; K
B

20

9 Dmy [RRZ5. Dmy 7A/&H Dmy-Ste-NMs FEHEHI B iR
RRIMERIIZ (X s, n=6)
Fig. 9 Release profiles in vitro of Dmy bulk drug, Dmy

solution and Dmy-Ste-NMs in simulate gastric fluids
(Xts,n=06)

—— Dmy JFURI24
—+— Dym &
—8— Dmy-Ste-NMs f#

P *

RIBERE Y
o
(=]

o 4 85 12 16
t/h
10 Dmy ERZ5. Dmy iAi&F1 Dmy-Ste-NMs 7E4E LA
P ESMNEREZ (X£s,n=06)
Fig. 10 Release profiles in vitro of Dmy bulk drug, Dmy
solution and Dmy-Ste-NMs in simulated intestinal fluids
(Xts,n=06)

# 9 Dmy-Ste-NMs FHUIRBHI &R
Table 9 Release model fitting results of Dmy-Ste-NMs

MR RR WA r
BB —%  In(1—MJ/Mo)=-0.087 t—0.257 0.905 8
Higuchi M/M»=0.201 12+0.064 0973 1
Weibull Inln[1/(1 —MdM)]=0.858 Int—1.597 0.901 3
BB —%  In(1—MJ/Mx)=—-0.058 t—0.181 0.864 9
Higuchi M/M,=0.173 {2+0.012 0.926 8
Weibull Inln[1/(1—M/Mx)]=0.812 Int—1.905 0.945 4

AR IAL M AT M3 5919 ¢ Flooltt () ERVRTRR: MM ¢ i
i) RAVRE I 43 3
t is time, M, and M., were accumulative drug-release at time ¢ and oo,

M,/M., is accumulative release rate at time ¢.

212 1EHE. MiRBEER

KRAMER (FEEAN, pH2.00, 477k
il Dmy FEZG. YEIREY) (Dmy S5
117 Dmy- Ste-NMs #3# ) 1 Dmy-Ste-NMs % T-§3
I (Dmy Jit S 3549 0.18 mg/mL), 137 C
KB 600 r/min B 3HiHE, 4rH1T 04 0.5, 1.0,
1.5, 2.0, 3.0, 4.0. 5.0. 6.0 h BUkE 1 mL, ZENE
T 5 mL &, MR ES, BAET 0.22
um FFLIERE, W& Dmy &8, HHEMAHER. Fik
G EAFEMERSUR (S REAR, pH7.4)
AR R, FFE b Dmy JREIKEYA 030
mg/mL, %5835 WK 11, 12, Dmy JFR 25 7ER
B E RN, 6h IREAZN (85.5712.90) %:;
(B LE R R B 0 7 I TR O ZE K, Dmy [R R
BTN, 6h fREFRLON (21.1242.89) %, LM
Dmy 7ERAU I 1 Fe i PR - Dmy-Ste-NMs 7E#%
P 6 h PR EF R A (52.0643.12) %, i8] Dmy-
Ste-NMs A $8Ji11 Dmy 7E AU 77 R e 7
2.13 Dmy-Ste-NMs #} Ri&E 4E &

X Dmy-Ste-NMs ¥y A&, MzZ&MK &%, i 0.22

100 # I I . I T 1
S 801 n
g —— Dmy k24
E 60 MR A
~#— Dmy-Ste-NMs 7 T-#}
40 : . ' . . ,
0 1 2 3 4 5 6

t/h
E 11 Dmy FE#Zy. $93EE &40 Dmy-Ste-NMs &7
EEMBRPRERTN (X£s,n=3)
Fig. 11 Changes of retention rate of Dmy bulk drug,
physical mixtures and Dmy-Ste-NMs freeze-dried powder in
simulate gastric fluids (X £ s,n=3)
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TRE /%

—— Dmy 7K} 24
20 - VIR ED)
=~ Dmy-Ste-NMs % T-#;

0 | > 3 4 s 6
t/h
12 Dmy FERZ. 3R S4950 Dmy-Ste-NMs FF 1
ERUGRPRERLN (Xts,n=3)
Fig. 12 Changes of retention rate of Dmy bulk drug,
physical mixtures and Dmy-Ste-NMs freeze-dried powder in

simulated intestinal fluids (X = s, n =3)

pm FAFLIEE, BUZEJEIN E Dmy-Ste-NMs H' Dmy
& (m wws), H5H7H45 Dmy-Ste-NMs V2K
R E (m o) AHEG, TFREUTFER.

VIR =(m savs—m wer)/m swe

HY Dmy-Ste-NMs ¥ K % & 8 T-HiR E IR AE (R
JEE FIA R 2051 30 "C I 55%), 435 F 04 1.
2. 3. 6 MHERE, MEARPIRER. BE R, HAE.
Wiie SRS, 45 I 10, Dmy-Ste-NMs ¥3K 6
M AJGUTERRATNT 2%, BEE KT 88%, HA=
KT 10%, Kife/NT 10 nm, AR ILE 2 000 pg/mL
F A7, FW] Dmy-Ste-NMs B A fif 77 H 2 Mk B 47

x10 REMERER (X£s,n=3)
Table 10 Results of stability study (X £ S, n=3)
vR VIR BEEL B4R bRam BRE(ugml)
0 1.1740.09 88.63+1.15 10.57+0.22 6.02£0.51 1996.14£30.68
1 1.08%0.04 89.040.89 10.52+0.14 6.79£0.39 2007.43+35.14
2 1.24%0.10 88.37£1.27 10.38£0.16 6.09+0.44 1989.67%26.78
3 1.59£0.08 88.4910.75 10.294+0.23 7.59£0.76 1994.02+36.46
6 1.8510.12 88.16+0.94 10.25+0.18 6.77£0.29 1990.71£22.80

214 OBRZAENEMRR

2141 425 SCRIMTTZE B Dmy R, YRR
) (Dmy 5 % b1 HLA71 [F] Dmy-Ste-NMs 3 KD
A Dmy-Ste-NMs #ARIER, KHIREHN 37 CTH
0.5% CMC-Na 7KVAVRHECH|7E B # . B SD Ki 18
R, BEYLF 8 3 H, beid, PREREE, 4% 80
mg/kg FlE (LA Dmy 1) ig 45245, 7l T 445
0.25. 0.5, 0.75. 1. 1.5. 2. 3. 4. 6. 8, 12h R
HE 5 ik AR IZ 0.25 mL, BEHRAELE T,

2500 r/min 250 (B§02F42 8.6 cm) 2 min, HUEE
I FE A VRARAT o

2142 IMEFEMALTE SR CREECH R SR N
1 000 ng/mL ) &4 K 20k AW, 1E N AR
FEEH 100 pL MLAE S BB OEH, T 40l
FRAT 2 mL 1% F R 2 S WA TE S min, 8 500 r/min
B (B0 86cm) 5mine AN EETAE
OFE Y, ZAWT, 100 uL ZIEEE, fFll.
2143 LMEXRARFL RHAT O MK HR 2K
J£ 242000+ 1000+ 500+ 250+ 100+ 33.33 ng/mL Dmy
M3 IR IRV . 4% “2.14.27 TR J7iddlE, Ere
20 puL, I Dmy F1 S0 R RGN, R #
W T AR L RN A AR (YD, Dmy Ji B AR AR bR
(XD, 19FrUEMZETFEN Y=0.003 4 X—0.342 6,
r=0.995 3, 45K Dmy M5 X} & R AE
33.33~2 000.00 ng/mL f71F R UF LMK R
2144 LEMEEE A HMEK. Dmy [R5
PRIV (REIRIE N 250 ng/mL, % “2.1427 i K
JEERE, AINAAR) AL RE VAW (Dmy JEE
4457 4h, $% “2.14.27 TR HEBRAE, IIMPER),
53 AR 20 uL MK, 2558 WA 13, Dmy A1 S0
B R AR AR Z AL T, LR
2145 FEEEEE  BUREIKE S5 33.33.
500.00~ 2 000.00 ng/mL [1] Dmy Ifil 2% 5% B & %578
% “2.14.27 BURNTEEERAE, WSINAFR, SR
R 6 K, 103k Dmy S R e AR, THEAS
FUETAR LU RSD 437N 9.45%14.12%+3.95%:
B REIRFE B 6 d, BRI 1Kk, HE5
P TR ELE R RSD 43508 7.42%. 4.18%-
4.80%, FHHNW. HIEKE%E R,

2146 faEtEg HUHEIEAY) ig425 1.5h 1
KFEM, % “2.14.27 BURJ7EALE, 43 200 uL I
WRERIEH, 2 TS 0. 24 4. 8. 124 24h
BEFEINE, 5% Dmy M S R g, 1HEAS
P9 VTR AR LAY RSD oA 6.13%, 3R BH I A iR
TRAE 24 h NAREE R IF.

2147 FEREIEFE R BUREIRE 50K
33.33. 500.00. 2000.00 ng/mL [ L3 5 & 5 v
BEFENE Dmy A1 S = AR, 1HE Dmy
(A R B, 5 R R P T L T BN [
WK . THEAR PRI ESCE S 95.81%, RSD K
7.02%, R R E .

2.14.8 IR e EIR%% B 50 ng/mL Dmy Il
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A
CAME R
B
Dmy
MR R
C
Dmy
0 6 12 18
t/min

E 13 =ZAM3E (A). Dmy MEMBRAR+RR (B)
M RFR+ARR (C) B HPLC B
Fig. 13 HPLC of blank plasma (A), Dmy plasma reference
solution + internal standard (B) and plasma sample

solution + internal standard (C)

TN R SR B AP FRE, MEMEEL A 10 D 1TFI3 1 1
53 A B PR FAS IR« 25 R0, Dmy & &R
AT URR 7374 15+ 5 ng/mL.

2149 ZiEhE R 2 Dmy JFE 2. Y3
TRA YA Dmy-Ste-NMs #3 K F24-1f fh 28, 4550 0
K 14,

K FH DAS 2.0 FAf 253k AT Ab 3, HE 5
FEWMPAMH GRS, SR LK 1. YERE
P (halftime, #12) IRUERS[E] (peak time,
tmax )~ IEWEVKEE (peak concentration, Cpx)~ I 253K
FE -5 [R] B 28 R 1A Careaunder the curve, AUC) %5
24, 5 Dmy ML HEAREMEER (P<0.05),
Tt B 2 B Dmy B RIS (R 3E/E > Crnax
AT AW FH B i & 1.47 f5A0 1.41 f%. Dmy-
Ste-NMs Zigh S5 5YERAYMEL, HAEAR
F R B =R (P<<0.051 0.01), fum JERTE
(0.71£0.17) h, tip EKZE (4.331+0.59) h, Cpax F
FFH A= R P 2 186 i 22 3.83 4% 411 4.60 1%, 2% 8] Dmy-
Ste-NMs {2 e AL T BIR-54) -

2.0 1

1.6
= —— Dmy k24
= - YEIREY
g 12 -= Dmy-Ste-NMs % T}
o
2 08
S
=

04 1

0

0 3 6 9 12
ih

14 Dmy JERZ5, IR & 4F0 Dmy-Ste-NMs T3
HZ-BIREZ (X+s,n=6)

Fig. 14 Plasma concentration-time profiles of Dmy bulk
drug, physical mixtures and Dmy-Ste-NMs freeze-dried
powder (X £ S,n=6)

#F 11 Dmy ERIZ, RS Dmy-Ste-NMs R T4
HEEAHNFSH (X£s5,n=6)

Table 11 Main pharmacokinetic parameters of Dmy bulk
drug, physical mixtures and Dmy-Ste-NMs freeze-dried
powder (Xt S,n=6)

S5 Bfi Dmy iK% IR A Dmy-Ste-NMs
finax h 1.11£0.27 1.19+0.24 0.71£0.17*
tin h 3.0410.62 3.6510.66 4.33£0.59"#
Craw  ngmL™"  426.63£80.96  628.711168.80° 1633.91+382.36™#

AUCo-+ ngh-mL™ 1337.04£156.56 1879.38+227.77" 6 152.31+812.79"#
AUCo-= ngh-mL™ 1381.762167.27 1981.15+246.82" 6429.98+889.74""#

5 Dmy bb#: *P<0.05 **P<0.01; SYHIRSYIHE: #P<0.05
#P<0.01.
*P<0.05 *P<0.01 vs dihydromyricetin; *P < 0.05 *P <0.01 vs

physical mixture.
3 g

AR TR R AR AR 11 FH 2 R A g oK i ok
AR, BIhH% T Dmy-Ste-NMs, 5 A1k 24 5K
(11 2 AR L B A A B e VR SR 3
ARG G ARHAET N E - HED Dmy-Ste-NMs kit 72
N EH SRR N — R SRR, KIS H R
BCEKIEBIRAS . B FTE N BICR45# . Dmy
PR PR E,  CEBR /K R B A B i fd 1 fiff 244 33k
NI B K AL AT SE I 8 24 T i Dmy-Ste-
NMs. FHERA SR EE S0 741 B H
REAEA G, BREMZ R LY. Dmy 4T
SZERIM B A 3 MR, BEEANR pH ETF A,
Dmy iR T3 @R, W7 pH ERSHIRHE S
KA. BEL. SRS, T7ER] % Dmy
TR 2S5 B AT PRSP, (RS e s AR A
I 73 ZmE U121, AR5 Dmy-Ste-NMs il #
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HEERN 35 C.

FT-IR 73 #r 4 R W], Dmy FIER 55 FEH 2 8] ]
e R TSGR, [ IR A5 T 7R
[, AR T8N ER e PR Dmy LIRSS Ak
I3 TR R B 73 BUAE Dmy-Ste-NMs #3 A A1, AT i@t
WNGIIRIAR . O YA, A Dmy VR FE O
FEAR B R E,  ffk 7 A RO

BRI % 42 45 L R, Dmy-Ste-NMs {7
B % ET Dmy, #8017 Dmy fERSUZRH KI5 E
P, ATRESE BT Dmy-Ste-NMs IHLEAER, BEILT
ZHYLERLR I REIR L2, RT3 A g T
Wi RN LR IR, Dmy-Ste-NMs 7EA%
WE . BN RS B R L, AT EETE
Dmy-Ste-NMs H () 2 P38 5 /) iy b Bz 40 i DAy 7
VEFENARIEES, NI A Bl T b gy SRR S50,
140 Dmy ARV SRE B

MRS WIN Crnaxs AUCo- M2 AUC)-"5255))
SESH LI, % Dmy A RICRE T AR
YEF, vIReRE & BA RS ERER, 3
T KRN HEE s BN n G RN B
TE IR, A RT3 25l 75 B miEiEsh
FH A PEF AT REAT Dmy BRSO AR, T R e R
(IR F o

5 Dmy JEEITREMAHEL, Dmy-Ste-NMs [
tmax B E VESERTE (0.71£0.17) h, 7] HE/Z Dmy-Ste-
NMs &E$H#Em T Dmy FIEEEMEEE, R4
YIHE I, H Dmy-Ste-NMs K428/, A H) Tk
WA B W b R R R R E N MR, Al
tmax TEHT . Dmy-Ste-NMs ] 1 MR Z I EK 2
(4.33+0.59) h, FJfEY Dmy-Ste-NMs 12542218
B2 RUA K297, Dmy 78 1738 AR E 14 2, Dmy-
Ste-NMs A XI5 R RFERH, BMAE S
A Conax 7K S 012 238K

Dmy-Ste-NMs AHX g A= 0781 FH B 3 0 22 4.60
&%, EWGIN T 29I, T e Se RPN Dmy-Ste-NMs
W7 Dmy BRI s Dmy-Ste-NMs i
YRR R, R T 2518 12E 28,
Dmy-Ste-NMs 3411 1 239 7E i g e vk, 3m 7
W s Dmy-Ste-NMs Ak 5 o il 26 4 5 H A 36 i
Dmy AR AER, Kk, Dmy-Ste-NMs 448 1
Dmy FRZEN AT, 3801 4 R

TS B AR B A 7 g RS, mr R s
AT R T R A P 22 At o 4 W I EL A o L

WHILAR S pEm &5 5 2 KPR R, AT
IR TT HE PRI R L0 I HAERS, R TAEW
MR, X0 & WM B A B 441, [
T4 56 W A D e SR A A B A AR K
AR ARG R B HEH 2 0 A 5 1Rl i v i
MR, g DUIRMIFR R — @ A R UK, 7Bk
HEAT 70 22 703 0 LA

Zi I, Dmy-Ste-NMs &b T2 a5, #iAkdeh
gy, B T AEVEFIMMER, H Dmy-Ste-
NMs #p R Fa et R, FHRZEBmM T 249, R
JE AR BERE T R IGHEAE . AT 7T KRR RIE 1)
B R T3 20 R IR I T A IMERIEL .
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