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Abstract: Objective To prepare dihydromyricetin mixed micelles (DMY-MMs), and evaluate oral pharmacokinetic behavior and
calculate its relative oral bioavailability. Methods Single factor tests were used to determine the screening interval of the main
influencing factors, and Box-Behnken design-response surface methodology was employed to optimize prescriptions of DMY-MMs.
Transmission electron microscope (TEM) was employed to observe its microscopic appearance. Crystal form of lyophilized powder
was analyzed by X-ray powder diffraction (XRPD). Release behavior of DMY-MMs in vitro was investigated by dialysis method.
SD rats in each group were administered intragastrically with dihydromyricetin and DMY-MMs, respectively. Pharmacokinetics and
relative bioavailability were also compared. Results Optimal formulation of DMY-MMs: carrier to drug ratio was 7.6 - 1, Soluplus
to TPGS ratio was 6.4 : 1, and hydration time was 2 h. Envelopment efficiency, drug loading, particle size and Zeta potential were
(90.21 £ 1.60)%, (10.43 + 0.21)%, (68.14 + 7.23) nm and (1.07 + 0.26) mV, respectively. Appearance of DMY-MMs was spherical,
dihydromyricetin changed into an amorphous form in DMY-MMs lyophilized powder. Release behavior in vivo of DMY-MMs was
in accordance with Higuchi model, and drug release equation was Inln[1/(1—M/M )] = 0.639 7lnt—1.781 1 (r = 0.978 4).
Pharmacokinetics of DMY-MMs showed that ¢,,, was prolonged to (4.11 + 1.07) h, C,, was enhanced to 4.41-fold and oral relative
bioavailability was increased to 5.18-fold. Conclusion DMY-MMs changed pharmacokinetic behavior of dihydromyricetin in vivo
and significantly promoted its oral absorption.
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Fig. 1 HPLC spectrum of negative sample (A), reference

substance (B) and sample solution (C)
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Table 1 Effects of carrier to drug ratio (z+s, n=3)

-2 R EEERD WAR/%
4:1 56.29+0.97 10.70+0.14

6:1 63.45+1.12 8.52+0.10

8:1 79.71+1.04 8.93+0.15

10:1 91.89+1.48 8.15+0.17
12:1 92.46+1.63 7.09+0.13
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Table 2 Effects of Soluplus to TPGS ratio(x+s,n=3)

Soluplus A1 TPGS ] & Lt (ZEa g7 PR/ %
10:1 81.18+0.96 9.12+0.22

8:1 80.46+1.07 8.79+0.17

6:1 85.99+1.03 9.58+0.21

4:1 79.17+1.35 8.70+0.15

2:1 75.54+1.40 7.97+0.11
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Table 3 Effects of hydration time (x+s,n=3)

JKAL I 7] /h L3 /% AR %
0.5 75.96+1.28 8.64+0.22
1.0 84.17+1.08 9.89+0.19
2.0 91.23+1.65 10.28+0.25
3.0 88.78+1.43 10.02+0.18
4.0 83.54+1.17 9.40+0.19
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Table 4 Different factors and its levels

% K
-1 0 1
-2 R (X)) 6:1 8:1 10:1
Soluplus 5 TPGS FHEEEL(X,)  4:1 6:1 8:1
FKALHS 18] (X3)/h 1 2 3

x5 MUIKKER(n=3)

Table 5 Optimize experimental results (n=3)

T X X, Xi/h Y\/% Y,/%
1 10:1 6:1 3 92.72 8.33
2 6:1 411 2 75.94 10.57
3 81 6:1 2 91.37 9.95
4 8:1 411 1 79.81 8.61
5 8:1 8:1 3 82.92 9.17
6 10:1 411 2 85.48 7.67
7 6:1 6:1 3 77.24 10.89
8 8:1 6:1 2 92.22 10.23
9 8:1 6:1 2 90.84 10.06

10 8:1 6:1 2 90.44 10.18
11 8:1 41 3 79.25 8.56
12 81 8:1 1 83.72 9.27
13 10:1 8:1 2 91.90 8.24
14 8:1 6:1 2 91.68 10.21
15 6:1 6:1 1 80.54 10.97
16 6:1 8:1 2 78.75 10.89
17 10:1 6:1 1 86.23 7.82
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XX,—0.01 X,X,—0.09 X>—0.69 X,’—0.53 X, Hrh
R* F adiR? 43 %1 4 0.994 1 #10.986 5, #J KT 0.98.
DN B 6, Y, M Y, BT P A Y B B
%53 (P<0.0D), H &M I8 G 4 it 2% & L (P>
0.05) , At 1% % 2 A5 8 W] F -T- DMY-MMs VR &R Ak
T . J5RE Y, 1 X, X0 XX X2 X2 R X2 45 L
BEMNEZERP<0.0D; HHE Y, 1 XXX X2 5
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Table 6 Analysis of variance
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FH PH FiH P
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X, 1 0.57 04758  0.57 0.473 2
XX, 1 4.42 00737  0.92 0.370 4
XX, 1 32.48 0.0007  5.10 0.048 5
XX, 1 0.02 0.8928  0.04 0.853 6
X2 1 43.72 0.0003  2.08 0.1927
X2 1 17425 <0.0001 118.10 <0.000 1
X7 1 108.51  <0.0001 69.79 <<0.000 1
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Fig. 2 Response surface diagram of envelopment efficiency and drug loading
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Fig.3 Chart of particle size distribution
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Fig.4 Chart of Zeta potential

2.7 EHESRE(TEM)
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J& B T TEM | W % DMY-MMs JE 3 , K 15 %1
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KR
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Fig.5 TEM of DMY-MMs (x14 500)
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2 d, 13 3 58 42 VR 45 A A P RE L, BT -35 CCH I
T 1ML AV T4 2 d, Bl 745 DMY-MMs % T 85 .
DMY-MMs #- IR & FF i A0 I &l 6, DMY-MMs Vi &
WA A E 6-A) , TR (i — , LIkl
Z(E 6-B), h TR BiE I WFLOE(E 6-C.

2.9 DMY-MMs & F# &3 ot

X 5 28 K R AT (XRPD) Mt 2% £F : Cu-Ka B,
FHEE A 5 °-min™'. B DMY-MMs % T-#; . ] 8.
REY (25 R[] DMY-MMs % T4 . 2%
4R ColoR} HE 49 6] DMY-MMs W& T80 1 — S8
ME 2 R R 2540 20 mg /E XRPD H4#, WK 7. — 5
HMf 25 75 8°~28.0° i I K & 4 B A7 o 0, L P A
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Fig. 6 Appearance of DMY-MMs suspension (A), lyophi-
lized powder (B) and sample after resolved (C)
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Fig. 7 XRPD results of samples
17.2°F0 25.8° T AL FE KT S 3 o 7 8] B VR & ) XRPD
B 1% i 17.20 40 — S 0 Mg 2 1R AIE &b AL 06 T T AT
DL CHiE Sk 7 ) 5 oAt & 28 0 39 i R 25, U B &
W& SR AR, £ DMY-MMs /% T-# XRPD [&i
R L A ER 172040 HIHRRAE 58 T 06, BERH 2540
mn 0 AT BE R AR U
2.10 DMY-MMs K F#AIEHITAMR
HY 30 mg A M 2 A DMY-MMs ¥ -85 (24
WhE BAHIED , 43 5§ 22 3% B 4% v CRCRE ARG 43
TR 8 000~12 000) , I ZEIH/K 5 mL, L&, &
i A IR Bl o B 24 5% A O BT 5 2 900 mL
37 CCZENRIK, TR A ASE %18 75 r-min™s
F0.5.1.0.1.5.2.0.3.0.4.0.6.0.8.0.12.0.18.0.24.0.
36.0 h i H B 2 BUFE 38 T L HURE 3 mL, FF H 3))
ik 3 mL\37 °CZEMH /K. fEH 0.22 um FlFLIE L€
o e, 45 R WK 8. DMY-MMs # A Ml &
SRR T H 26.80% 2 ) & 76.73% . DMY-MMs
A AR 25 75 & Weibull 248 Inln[1/(1—M/M,) 1=
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8 DMY-MMs REH] 2% (x5, n=6)
2.8 Release profiles of DMY-MMs (x+s,7=6)

Fi

o

0.639 7Inr—1.781 1K 7D, X eARFK I 8], My/M AR
FRAFRETE 7%
2.11 DMY-MMs ZF#MiaEME R

I DMY-MMs T8y I 75 /K 0, $%42.2.37
TR AR AR ST EGn) . IDMY-
MMs ¥ %5 5 B 118 iR 5 0 A6 GIR BRI 2
W 35 °CH60%) , T 0.1.2.3.6 H BUEE. #E 5
AR T 0.22 pm B FL B R, B4R 8 v 2
DMY-MMs H' — S ¥t &= 1) & (m) , 1T & DMY-
MM s {5 - AS [ B 18] s 9070 B 28, I B 28 = (my—
m)/my. M E DMY-MMs ¥4 -3 75 AN [7] i 8] 55 ik

&7 DMY-MMs B if#& 5!
Table 7 Fitting release model of DMY-MMs

T WG r
TR M/M,=0.019 9¢40.244 0.839 5
— PR In(1—M/M,)=—0.038 6:—0.257 2 0.909 8

Higuchi 154 M/M,=0.127 4¢+0.087 0 0.948 7
Weibull £ %4 Inin[ 1/(1—M/M,)>1=0.639 7Int—1.781 1 0.978 4

1% \PDIME 1 Zeta HL AT, 25 B .32 8. DMY-MMs i
[ R Ri4E . PDI F Zeta HL A7 A & A B B AR 4, i 47
FaEtE R iT.

®8 64 ARERNSIEIRNEL R (vis,n=3)
Table 8 Determination results of every index in six

months (x£s,n=3)

tH UIEE%  Riff/nm PDIfH Zeta LA /mV
0 1.56+£0.11 73.44+£5.61 0.099+0.008 1.08+0.19
1 1.48+0.16 69.87£6.04 0.107+£0.012 2.03+0.24
2 1.63£0.09 75.72+£5.83  0.110+0.007 1.16+0.26
3 1.66£0.13 70.69+4.39 0.111+0.013 0.89+0.18
6 1.70+0.08 72.83+5.87 0.104+0.010 1.94+0.23

212 ATEMRR

2121 SEX 5 E O HUSD KR 1S KL, BEHL > N
DMY-MMs T %3 « il SR & ¥ A — St 25 ok
254, [ 6 H, ¥R 0.5% I CMC-Na 7K ¥ i fic
il ig W, ig 77 & N 100 mg-kg™ . 4 AT 0.25.
0.50.0.75+1.00.2.00.3.00.4.00. 6.00. 8.00- 12.00 h
CBRBR I 5 SR L2 250 pL, B AT 23 5 O 8
1,4 000 r-min™ B /0> 2 min, # B 24 122 4530
2.12.2  IMLZRAE AL ERT S B 100 mL B R &
fig .60 mL — 5% 48 A1 10 mL 5 P Ik A VR AT L E N
I 2% B i A 4 BV 3R o B I 3% RE B 100 ul, N
50 pL N BRI T O S 2 i B2 9 1208 ng'mL™)

4 mL 32 BUAE ), 1% HE S min. 8 000 r-min™ 2 0>
10 min ff 25 F 56 & U00E, B ZHHAE, B T2
A HIR T (40 °C) , I 100 L 2.5 2 I B 45 & A b
R L S VA R
2.12.3 MM E R LEREH FERARREIK
F£91 208 ngmL™", fE NN FRIETR . SR 2 E MK
B 2 500.1 250,500,250 10050 ng-mL™ & #%
Mg 25 ML RE 5, 42 I8 92,1227 150 R $R A 1) 4% 1 28 %t
FEO A, #52.2. 17 TR Bl S AR RE D i A
M2 A SE R ME I AR, R E LE (D, 5 =4
Wkt 2 ot B VR B O /R 2R [l V315 7 72 : Y=0.002 9
X—0.124 8(r=0.992 7>, Al I 7 50~2 500 ng-mL™"
MR R R
2124 7L E S W100 pL A H LK 1%
HE“2.12.27 TR AL B CA 0 9 A5 ) 5 BPAS 25 1 I 2R B
ATV CAD , UM 6 B (PSR R R IR N
1208 ng-mL™", B) A LI A it TV O 5 32 o K
N 1208 ng-mL™, C)%“2.2.17 11 (il 26 4 I 5E o
SR L9, R R A A R i I ) R 87 A
B, R I

B A 8 R (50,5002 500 ng-mL™)
Z At R IR AR O SR R R IR E N 1
208 ng-mL™) , % 2L HEFE IR 6 VK, T 543 W HT AR EL
) RSD MK XK 8.15%4.17% F1 6.86% (n=3) ; i&
22K 6 d, B RN 1 Ik, v 545 06 i AL EE ) RSD
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Fig. 9 HPLC chromatograms of blank plasma (A), plas-
ma reference (B), and plasma samples (celery mass concen-
tration 1 208 ng-mL™, C)

IR N 8.09%19.04%6.25%(n=3) , R H KN . H
ARG % B R AT o B SRR SV W COFF SR R &Ik
J% A 1208 ng'mL™"), 73 3 F 0.4.8.12.18.24 h ll]
R, IETH R L RSDE N 7.19%(n=6) , £ WEEMER
U . BUE &2 [ MR (A Falifb K (B), §#%42.12.2”
TR R B ORI 320, I\ Z At F 0
it o 1) B R L R B R FE (50.500.2 500 ng'mL ™)
IRE i, HERED 52 , A 5 B W& T AR L AR T 55 38 5 &%
Mo gl B R S 35 5 N N 95.82%, RSD R
3.63%(n=9) , KW I AN/ BEHEH &
J B (50,5002 500 ng-mL™) ) — S H & I
$ 0 R SRV, 2 B 2.2.17 TR €0 4% A I e I
JE 5 S bRk X U A R R
137 2 8] U %N 94.64%, RSD N 5.03% (n=9) , %
B ST 1R 93 BT D7 0T T T 25 3 40 9

2125 ZiEhiEsiE RH3PITRE T S AEELAL oy
BT AW R R R 2 | R A ) A DMY-
MMs £ B )% S50, 45 R IR 9. ARG M2
JoR 52 U T BORE T T, 4 ) 245 i) 2 - b it 4, DL 1]
10. HHIRAEMN C,, ~AUC,, M AUC, 25245 %
ZHE A ERLEYWEFEENEER (P
0.05), ¥t B Soluplush Il TGPS B &¥Wxt ~E Mt &
(4 YIRS — 58 (A 3R RO, A X AR A )
3 1.61 5. DMY-MMs ¢, . C,, ~AUC, %24
FESHE AN R LR R B g
B X (P<0.01) , ¥ ' DMY-MMs 1 1, % K
£ (4.11£1.07Dh, C, JE N2 4.41 5, AHXT A F H

R WHESH (n=6)

Table 9 Pharmacokinetic parameters (n=6)

ZH AL A E A IR AW DMY-MMs
L h 1.17+0.31 1.09+0.32 0.730.22
fin h 2.38+0.51 2.75+0.58 4.11+1.07""
Con ng-mL” 452.74+78.06 683.22+124.69° 1 995.23+460.85™*
AUC,,, ng'mL™""h 1204.76+132.79 1783.19+204.72° 6 246.55+1 439.10"*
AUC,_, ng'mL™""h 1273.21+140.04 1851.03+218.86" 6 401.17+1 506.26"*

5 S mig Rt P<0.05 TP<0.01; 5B A ¥ P<0.01.
"P<0.05 "P<0.01 vs dihydromyricetin group; P <0.01 vs simple mixture.

P F) 518 4% , 7] L DMY-MMs i % e 4 FH K
TR VR A YA
3 itig

AW FL K FH R K A% 1) £ 7 DMY-MMs, iX
B 7 AR IR R B AR . R4
5 1% R # 4k (Soluplus A1 TPGS) J i i ik J& A B T

ff 2z ey Befi 5 A IRVE I — SR 580k
1) 53 T oy e B o R FE A v TE K AR L R T B 4
%% J¥ i DMY-MMs, M 17 55 I %k 2 i 1 DMY-
MMs il £ T 0 70 45 BB, KA B R R A
W3R AR (Soluplus A1 TPGS) /K AL FE FEEAS 2 , 3 117 52 1]
DMY-MMs # 24, {683 5 [ 5 (H /KA 5L ok v
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Fig. 10 Curve of drug concentration-time (7=6)

X B A4 B B DMY-MMs 45 ¥4 a5 P 35 45 72 AR
a7 2K AR FE N 40 °CHY , A AT E R &
WD E AR 78 53 KA HLAZ R FE AR O AT A 2 5 3R
BRI AR E I, WO i KA IR N 40 °C . HE R
T FE{X DMY-MMs i 1%, I 42 s pi 42 3 — 1, (B
7 Ty 2k v BRI (] 3 K 34 22 B PR DMY-MMs,
18 LR 2 75 B2 1 R 75 T 22 200 W, i 75 I
]2 10 min.

DMY-MMs & ¥ b B0 Hr £ W, — A mtlE &R
Al BELE DMY-MMs ¥ T8 7% 48 9 Jo i€ TR A iX Fh
AR AT 25V e FE I s 3R AR OR) R
PETHE A K7, DMY-MMs % T8 117 3B 24 ¢
PR, AT RE S AT R R SR T B R T 245 k% -5
TR R 251 DL R B 2 B R R 2 R B Y
DMY-MMs #A4 B i J5 B80T N 3B I 254 4 ReRE T
H 2%, M DMY-MMs Ji5 B 3% B0 H 92 18 B 24 RFAIE
PR R 245 [ B B A o ot 24 9 R 3 K, 3k T )
TR 2 5 22 18 R 2 T BB T A I 24 9k R 4
FEA X B K R T 2 3RF B R 4 . XML 5 PR
R 2 PGS R 25 B BRI 9K 1), 22 %) 29 AE A
W2 BN 22T 9 293807 AR R

PR, SR R — A & 1 A R N
DK IR B A S AR )R FH R4 v 2R 2.05 1%, AR Fi
1Y) DMY-MMs A0 A= PR B gk — 20 4 = 21 5.18
%, AT e 5 8RR RS IR A AR N AR E SR R &R
AR, g R EoR, B RIR SV A
FARNBNA — 2 EH , 7T 82 BT Soluplus
HTPGS B A — & I3 I i PR R E P 0 =&
MR B EMBEER: AR EP-FEEAK
W, A 77 K TPGS wT ) P-4 2 B I AMEE
T A Mg 25 00 a7 SRR A 400 R 184 0 245 4 4k PR R A
DMY-MMs [ ¢, $2 1 % (2.04+0.42)h, /] GE2 T
B /INRLAR I 40 K e oRORT R ok 15 i 38 &5 UZ S A

11 52 PR S R 0, AT fE 5 DMY-MMs Jif 1
WOR 2 O, & At B E YERRET . DMY-MMs ()
1,13 BB P 35 2K, AT e A2 (T DMY-MMs H 2454
BRI, 5 AN /INRLAR 1) DMY-MMs 4 5 5
R E 2 R AR R 0858 T B i i st 2
YOI B, B0 T 29 W TE AR PR I 24 R B KT,
ML £, ZEK: . DMY-MMs () C,, FUA S AR AE 4
P BE 53 7 G 0 242 4.41 f5F0 518 7%, v g2 th T2
YIRIRLAE R K R B, R T 5 15 W18 78 7 #2 i 3 R
WAL 36 N IIL Y 41 1 ; DMY-MMs 3411 7 24549 B3 R
JUEE  F T 259 R P IR DMY-MMs 45 #4 & 5 PR %
e BRI T AR YA B T ) B R L3R
N T W& s kb 75 R TPGS W] 0| P-4 2 (0
S RSN B8 0 T 3N UG I =Y
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