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Abstract: Objective To prepare galangin-loaded self-micelle solid dispersion (Gal-SMSD), relative bioavailability and glucose-
decreasing effects in vivo were investigated. Methods Encapsulation efficiency, drug loading and sedimentation rate of self-
assembled micelles of Gal-SMSD were acted as evaluation indexes, formulation of Gal-SMSD was optimized though single factor
experiment and Box-Behnken design-response surface method. Morphology of self-assembled micelles was observed by transmission
electron microscopy (TEM), galangin crystal form in Gal-SMSD powder was analyzed by X-ray powder diffraction (XRPD), fourier
infrared spectroscopy (FTIR) was used to study the binding mechanism. Drug release behavior of Gal-SMSD in simulated
gastrointestinal fluid were also investigated. Oral pharmacokinetic behavior of Gal-SMSD was compared in contrast to galangin. The
model of type 2 diabetes mellitus (T2DM) in rats was established to investigate the effects of galangin (50 mg-kg™') and Gal-SMSD at
low, medium and high doses (10, 30, 50 mg-kg ") on blood glucose, serum aspartate aminotransferase (AST), alanine aminotransferase

(ALT), urea nitrogen (BUN), creatinine (Crea) levels, and oral glucose tolerance in T2DM mice. Results Optimal preparation of Gal-
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SMSD: carrier to drug ratio was 7.05 © 1, preparation temperature was 51.00 °C and preparation time was 2.00 h. Encapsulation
efficiency, drug loading, sedimentation rate, particle size and Zeta potential of the self-assembled micelles were (93.47 £ 1.19) %,
(11.62 £ 0.20)%, (1.36 £ 0.13)%, (66.19 + 4.33) nm and (-11.74 £ 0.95) mV, respectively. The shape of self-assembled micelles was
spherical, and galangin existed as an amorphous form in Gal-SMSD powder. There might be a hydrogen bonding between galangin
and mPEG-PLA. The release behavior of Gal-SMSD was in accordance with Weibull model, and the cumulative release rate increased
to 84.16% in 12 h. Pharmacokinetic results showed that Cmax of Gal-SMSD was increased to (1 669.78 + 306.13) ng-mL"", #12 was
prolonged to (4.77 £ 0.91) h, and its relative bioavailability was increased to 5.16 times that of galangin. Compared with the model group,
high doses of GAL-SMSD (50 mg-kg ™) significantly reduced blood glucose levels, serum AST, SLT, BUN, and Crea levels in T2DM
mice (P <0.05, 0.01), and significantly improved glucose tolerance, with a significantly better effect than the galangin (50 mg-kg™') group.
Conclusion Gal-SMSD could promote oral absorption of galangin in vivo, and significantly decrease blood glucose in T2DM mice.

Key words: galangin; self-assembled micelles; Box-Behnken design-response surface method; pharmacokinetic; bioavailability;

glucose-decreasing effects
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600 r-min! i 71 HEFE— @], Yk EZERR 228K
CBERDAE Gal-SMSD ¥R, BT 35 CHEZ 1M
T, R 80 B, B ERAT . RIS
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SMSD #di&i& (C) HPLC [E
Fig.1 HPLC spectrum of negative sample (A), galangin
reference substance (B) and GAL-SMSD sample solution (C)

235 FREMEEEE HGal-SMSD AT 0.
2. 4. 8. 12, 24hilsE, W5 E RERIER RSD
fH5 0.53% (n=6), KA SERREE R

2.3.6 FEEHEELE J3HIH10.0041.0010.05 pg'mL!
X B S VAR A RE AR 6 Y%, S R 2 T
4 RSD 7354 0.30%- 0.86%-~ 0.69% (n=6), F*
AN SN 2 B R

237 HEEMHEZE H Gal-SMSD #ik, %2327
TR AR PAT R 6 il i sl I T IE,

WS RZRETE RSD HA 1.35% (n=6), KM
HE MR

23.8 [FEFEEE K% E Gal-SMSD ¥ K 4 5 mg
& 100 mL &, L9, 4Nk . =4l o
e E RZRTER 50%. 100%. 150%I0AN & R
LRNIEE,, k8% “2.3.27 TR kAL EE,
ERMERERMNESE. HESTFHEIKERA
101.03%, RSD 1HN 1.74% (n=9), FWIHEMHT
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FLUEMEL SIS B AR AR 70 F SN 1 X 104 IR RS
O, 10000 r-min~! Z0 10 min, I HEE N &=
RERME (mase), % “2.37 TR HENE Gal-
SMSD HRZHEE (m sse), THH Gal-SMSD H
MR R %, Gal-SMSD H AR KR E2E.
HY Gal-SMSD HAHRKRAH T 8 CUKFEME 7 d, X
Hid 0.22 pm FUFLIERE, Wb E R ZERT =
(m7a), THEPIEZR . B 0.5 mL ) Gal-SMSD H4
R, IO 15 mL 288K, $8EIGRIEE 43 A
SERAE. 24 HEEEL (PDD Al Zeta HLf7 o
Gal-SMSD HAZER R AR =m wus/m sue
Gal-SMSD H AR RIBA T =m wue/ (m sutm sue)
VIR = (m oysn—mra) Im wun
m wufCR mPEG-PLA MBS &
25 BREZEZE Gal-SMSD 5T E
251 HALHEE FREK 20 mg, HlEH R
N2 h FH&IREAN 50 CHMHFHEEBALL
(mPEG-PLA 5&RZFHFMHEL) X Gal-SMSD H
PR ARAE R RGRMPIFRIEm, &R L
#* 1. BE% mPEG-PLA LLBI 1380, Gal-SMSD H
2 2 e o R TR N JE AR, R BA R I mPEG-
PLA HlEnfEm i3, {H mPEG-PLA HE4k4:
e AR SRS R, HAEEE
mPEG-PLA EU (3 Nz %, 1iEH mPEG-
PLA H &I K IE s RHR 9%, femmdizis. Jiks
K& mPEG-PLA LU 3G N iz ~ R, 1500
mPEG-PLA F 34 A+ &1 Gal-SMSD H 4 3 i
WHFaE M. R 25 LS Gal-SMSD [ 2H 3 i R
FL 32 FA RV MECR, BN 7 .
1 A3 2RIE 90%, 2R KT 11%, H Gal-SMSD
H BRI RAR T 2%, MUSZLAERZI N
701 F, ®EE6 I 1~8 1 1 AL,
252 Hl&RERER SREER20mg, #FL

=1 HALLWMEE (XLs, n=3)

Table 1 Investigation of carrier-drug ratio (X *s, n=3)

e BE % HEEI% ULFE2R1%
5:1 76.10%1.17 12.44+0.29 5.56+0.66
6:1 83.76+0.95 11.72+0.21 3.61+0.52
7.1 90.24+1.24 11.26+0.32 1.95+0.44
8.1 90.194+0.98 10.0410.24 1.79+0.27
9:1 90.31£1.10 9.33+0.18 1.76+0.21

T 01, HREE ] 2 h 2t A AR Gal-
SMSD s, 255 WK 2. Bl H & T E
Gal-SMSD H 4 el R AN 25 B3 53 5
TBE, TRERAIE IR E AT mPEG-PLA 454 b3
H 7850 &7 R U7, e a0 25, RR FE I v i xt
mPEG-PLA ] & & 4 7= 28 2 e 17181, g 1 5 2
Gal-SMSD #Zife ) TR, il 4% i B i AR B i
X} Gal-SMSD Pt ax = A 2, n] BE2 i i
AR 520 7 mPEG-PLA &1, S 52484
D1, Gt R E R RN mPEG-PLA
ROEME TR, SEUIRERT & Afl &R N 50 C
N Gal-SMSD | 2H 256 Jice o 3 22 A1 28 24 B AH G ¢
w, HUTRERAXT AL, MU 2RI &RE 50 C
Rrpty, &P 45~55 CEk T4k,

*2 HEEEHNER (X Ls, n=3)

Table 2 Investigation of preparation temperature

(X £s, n=3)
Hl R ,C A% Y EI% VIR I%
40 80.64+1.24 9.95+0.14 3.33£0.29
45 86.85+1.03 10.514+0.27 2.04%0.15
50 92.26+0.97 11.43+0.32 1.63%0.18
55 85.15+0.94 1044+0.19 2.27+0.27
60 83.88+1.17 10.49+0.24 3.09+0.32

253 HlRETEFIFELE mRZER 20 mg, B
N7 L, HIRIERRE RN S0 C Ak 5 SR | £ sk TRt
Gal-SMSD 1520, 255 W3 3. B i) £ I [A] ) 2E
K, Gal-SMSD H 43 o0, 3] F M8 245 5 3 S 1
I T B, AT e A2 i £ B (B #  mPEG-PLA i1k
TEEAE, 501 7 mPEG-PLA 5 B35 2 6145
G, HEIM X Gal-SMSD #2574 5 il £ B[R] 452
KI5t AT BES2 I mPEG-PLA MR & 11, S 30254t
TRUSY. ) % o TR B K 35 2 5 TR R K
2 W) 45 1 TB] 23 520 Gal-SMISD [ 4138 ik A Fa e
PEo L4104 2 h B Gal-SMSD [ 2H 28 i o 0 &
RANFH AN R, HUURER AR, #4820

*3 FIFNERNER (X s, n=3)

Table 3 Investigation of preparation time (X s, n=3)

FEE AN AER% W% UEE%
1.0 72194095  8.92+0.16 4.194+0.17
15 87.84+1.04 10.77£0.23 2.34%0.10
2.0 92.71+1.13 11674017 1.55+0.11
2.5 86.55+0.96 10.59+0.24 2.22+0.24
3.0 83.02+1.33 9814020 2.78+0.38
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Hil IR 2 h JyHty, #EFE 1.5~2.5 h #H 7L
2.6 Box-Behnken i&it+-0uN @AM Gal-SMSD
a7

2.6.1 RIGUETT BEAL. BRI SR ]
YEN Gal-SMSD H AL R 1) S EEZm R &, 739
FRIEH Xis Xov X, 55 “2.57 UREBREGR, %
HZAKTRE IR 4. BEF, RABMPTERL
Gal-SMSD HAHARRRFEZFESIr, WP Gal-

B, Horb MO, Mupin AT Miax IR TH 85/
HARKME; KifE (d) RAAR d= (Myax—M) /
(Minax— Mmin) T H—E= (diXdyXd3) 3. A
A7 Gal-SMSD %, HZiE . JikERMH—
HERNZK 5,

x4 EFEKF

Table 4 Factors and levels

SMSD (1415 ek EL AT B B R B, FLe % ak
YT % AR T TR R RS PR ), Ay ‘ -
INEEE bR TR B, HOH 3 AN AREE SR AL O 6:1 71 8:d
i AR M () MR WL O, “Co 45 50 89
(dZ) %ﬁﬁ&ﬁ d: (Mi_Mmin) / (Mmax_Mmin) i+ %U%Hﬂ_lﬁj (XS’ h 15 20 25
& 5 Box-Behnken iR & IHER
Table 5 Experiments results of Box-Behnken
55 X1 XalC Xa/h Y1/% Y2/% Ya/% H—{E
1 7:1 50 2.0 90.82 11.25 1.39 0.824
2 7.1 55 25 81.67 9.99 4.08 0.239
3 6:1 55 2.0 84.31 12.13 4.97 0.172
4 7:1 50 2.0 93.15 11.43 1.58 0.882
5 7:1 45 15 85.18 10.48 5.02 0.000
6 7:1 45 2.5 94.32 10.44 3.98 0.356
7 7:1 50 2.0 92.44 11.59 1.33 0.908
8 8:1 55 2.0 86.36 9.43 2.96 0.289
9 6:1 50 1.5 79.41 11.19 4.68 0.143
10 6:1 45 2.0 80.58 11.35 455 0.224
11 8.1 45 2.0 83.79 9.18 2.69 0.000
12 8.1 50 2.5 85.92 9.49 3.68 0.264
13 8.1 50 15 84.44 9.37 2.88 0.243
14 6:1 50 25 78.76 11.15 4,74 0.000
15 7:1 50 2.0 91.83 11.42 1.44 0.865
16 7:1 55 1.5 85.17 10.56 1.79 0.560
17 7.1 50 2.0 93.65 11.71 1.31 0.951

2.6.2 MRS 5rHT KA Box-Behnken ¥ it-
M 3 T B4 (AN A Design Expert V11.0.3) 34T
ST, BE—E R ZRREIEGEN: H—E=
0.8940.032 X;40.085 X,—0.011 X340.085 X\.X>+
0.041 X X3 —0.17 XoX3—0.42 X12—0.29 X2—0.30
X32, HEAY R2 A Rag? (H 5370128 0.976 6 F10.946 5,

E 535%5dE RAEMmZE. HZESILE 6, H—
B IR Z JeEH TR P<<0.000 1, REEA K
SEMRE N ERIH P=0.070 4 (P>0.05), K
KA R TH0] 20, B EERE.

R X B ZE R (P<0.05), 1 XoXs Xi2s
X2 X2 i AR =R (P<0.01).

2.6.3 ARSI Gal-SMSD = 4H 36 KR
BT PR 2R B B2 Ll o % T AR ) % B ) et U5
— B =2 i ] L] 2, ] R — R G R MED
BEE 74 2 IR, H—{E¥ 2 /e hn 5 T %
B, WO EfE R K. WEBIH—ENERME
(JEEAH 0~1), 13 Gal-SMSD Hi:4b 7 T. 2. 8#24
bk 7.05 11, &R HN 50.84 °C, il &HAIA
1.97 h, TR —1E R 0.959.
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Table 6 Analysis of variance
it H ST A H BJ7 Fia PiE
! 1.88 9 0.21 32.44 <0.0001
X1 8.18x1073 1 8.18x10°3 1.27 0.2970
X2 0.06 1 0.06 8.93 0.020 3
X3 9.48x10™* 1 9.48x10™ 0.15 0.7127
X1X2 0.03 1 0.03 4.52 0.0711
X1X3 6.79x1073 1 6.79x10°° 1.05 0.3389
X2X3 0.11 1 0.11 17.81 0.003 9
X1? 0.74 1 0.74 115.48 <0.0001
X2? 0.36 1 0.36 56.56 0.000 1
Xq? 0.39 1 0.39 59.98 0.000 1
W 0.05 7 6.45x107
AT 0.04 3 0.01 5.30 0.070 4
xR %= 9.07x1073 4 2.27x1073
eyl 1.93
1.0 ] 1.0f =
a O ‘ 0.7 0_7“
I . 0.5 05,
= o2 0.2 t 02
A 0 * 0 | |
55_0“52.,5‘ - - '%.5 B0 28 7'2:3‘ - - 75 80 25 7273 . T
50.0 < -~ _ 10 2.0 < - 7.0 2.0 e — 50.0
W e 8060 O mzwx, BEEGn Y8 g5eo OOt WENIGN 18 1 54s0 Mo i xic

& 2

EERREWMNEZ4E

Fig.2 Three-dimensional plot of independent factors and response values

2.7 Gal-SMSD &7 T ZWIE

FETF SEBrEEAE, K Gal-SMSD #fE T Z & AE
fEIE: Gal-SMSD fill &I E RN 51.00 C, #il#%
IR 2.00h, TH#EKZGLE 7.05 ¢ 1 ABYEREAAR
PATHI4% 3 it Gal-SMSD, 453 (B 42 g K iR
A WAEMPTEZR 5N (93.4711.19) %.
(11.62+£0.20) %1 (1.3610.13) %. #%HE “2.6.17
TR i A SEBR A —{E N 0.952, PATRMIH—
1B (0.959) NZH 1t AT SR I —E A i 22 4
—0.73%, ZEXHE/NT 1.00%, &HIE K E AR
Al ¥ Gal-SMSD 4757 LW 5% .
2.8 Gal-SMSD B4HERRIFM
2.8.1 Gal-SMSD ¥R & HAHB ARSI HUE &
Gal-SMSD #K, &M Gal-SMSD # KK 1k
i 33.8° , FW Gal-SMSD ¥ Kimzshit Rif. 1%
AKAY I E i CCHP 24 38 ) 2020 SRR Y 538 10 0832)
PeAE, WM Gal-SMSD ¥ ARK/KD N 3.4%. B Gal-

SMSD ¥y K% Smg, I 20mL 781K, #7305,
H AR AR AP ILE 3, w7 BRI k. W
3 Gal-SMSD HAHRIRHKFIIKi1EHN (66.19+
433) nm, EEVENEREC (PDD N (0.060+
0.008), Zeta HHA7 A (—11.74+0.95) mV, W& 4.

3 Gal-SMSD #3K (A) RBEHRKKRR (B) 5
Fig.3 Appearance of Gal-SMSD powder (A) and self-

assembled micelles suspension (B)
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Fig. 4 Particle size distribution (A) and Zeta potential (B)

of self-assembled micelles

2.8.2 Gal-SMSD HAZRREH BEME W
Gal-SMSD H H 34 1 5 (1) 112 PR TR & VR 2240 I L,
i JE MBS RIS REIREN 1.5%), f
TFIERIE S BT (B R 5.0kV, BORAEEL 15 000).
iR ILE S, Gal-SMSD [ 2H %& ¥ sl K i TR 415
ERERIE, WS B R AR 5 R R A A5 R 42 3 A

El5 Gal-SMSD B4EKRRIEFEIFE
Fig.5 TEM photograph of self-assembled micelles of Gal-
SMSD

2.9 Gal-SMSD #REE S

X SR RATENE: (XRPD) MR E A
3°~45°, Cu-Ko 8, HHIEE N 5°omin'. TER
£ & . mPEG-PLA. HIRE &Y (R R#E K 5 mPEG-
PLA A5 [H] Gal-SMSD) #1 Gal-SMSD #; K id& & 7
A, ERILE 6. mRZERIE 5.9°, 7.6°, 10.5°,

GAL-SMSD

___JL—J——.A_LA_-Jh-J&-~‘,\*—A~Jbv~_a..__~_________j?32?E{%4%

mPLG-PLA

30 35 40 45 50

25
20°

6 XRPD Z&R
Fig. 6 Results of XRPD

12.2°, 13.2°, 15.2°, 17.9°, 25.4°, 27.7°%4b HiF,
FRAE A%, mPEG-PLA 7£ 18.2°. 24.1°H H4FAE
mm g, WIFERSY) XRPD B AERERS
mPEG-PLA &0, & R ZHAEVEIR S )
DL BUIRASTEE . Gal-SMSD [ XRPD i s B
LR AR RIS O, A8 N mPEG-PLA H#1iE
AU, TiH T R 2R AE Gal-SMSD oK th ] GEFE AR
2.10 Gal-SMSD RIS

A3 AEL“2.9” TR FEMZ) 1.0 mg 1ELLAMEIE 5
B, MRREHE: RN 4.0 cm™, FFIRECH 16
W, FTEHEA 400~4 000 cm ™!, R WA 7.
mPEG-PLA ZL4MGIEEIH, 1 749.91 cm™! Jyfedt
GRS I, 7E Gal-SMSD £1 4t rh F5 5
£ 1749.83 cm ' AEE R ERLAIMEIE R, 3554.82,
3501.02. 3309.58 cm™' Ay AL B 4R 3 I i,
TEYV IR A LA rh R R AR R AL (43 5
N3 554.89. 3 501.11. 3 309.62 cm™"), {H{E Gal-
SMSD LA AR LE 3488.17 e AE B 1 58

Gal-SMSD
\\\
3488.17 v
— ,_ljgfﬂ . WIREY
3554 SB'A}{V\QF’«‘\/MVJ‘ V\W‘M‘/ \m A
i 350111 3309.62 | 747‘02.,.»-" %\\, [\/ YUV A A
mPEG-PLA
S
vazer ThusE

554.827 b
B L0102 330958

4000 3600 3200 2800 2400 2000 1600 1200 800 400
yiem™!

BE7 HmLIIPikE

Fig. 7 Infrared spectroscopy of samples
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o RIS R E R T LREF T RE mPEG-
PLA BRI B RA T AR S 1, NIMTE K
Gal-SMSD.
2.11 Gal-SMSD 75T HER

W RER. MHEAY) (mPEG-PLA 55 R
LR M E A Gal-SMSD) fl Gal-SMSD #3 A i &,
fim RERSEY N 8 mg, 2HIMAN pH {4 2.0 #
FREREM (% 0.5%5R 1LALNE 80) BUhilVREW, %
HTENE CREBE X FFE 1.0X10%),
KA pH {H 2.0 BEFRER MR (% 0.5%F 1L ALK
80) 1000 mL YA, ¥ Hh A SR A K I
37 °C, HiPEEEE Y 75 rmin!, BEFEA UG T
i, 35T 00 0.5, 1.0. 1.5, 2.0 h BUFE 5 mL, #b
IS mL 2 A 2 h BURESE B R A B R ey
pH 18 7.4 BEERERZZ PR (15 0.5%5R L2 80), [H]
AT 3. 4. 64 8. 104 12h HUKE SmL, &)
SUURE JE AN S mL 2% /1 i %45 10 000 r min ™!
B0 10min, MEmREZRTE, SHIBEAHML,
SR 8. i K2R R 2 R BURE R UK

BRI R A Rk, MR EMA— 2R E |k
Won TR E, WAtS mPEG-PLA MAEEHA
%7, Gal-SMSD 7E 12 h 2B R IE 84.16%,
TZEmTYHERESGYA SR ZRERZ . Gal-
SMSD Bt Zj ML L& 25 R ISR 7, RIEAHIE R
(R?) #|Wr Gal-SMSD ¥t 2451 2 5 Weibull #5241
PR

100 1

o RER
—u Y ELR A
80 4 —+Gal-SMSD
g 60 -
;??:
o 40
B&
20 A
0 T T T T T \
0 2 4 6 8 10 12

t/h
8 RUNBMBRTEMENLZ (X X5, n=3)

Fig. 8 Release profiles in simulate gastrointestinal fluids

(35.69%), "JRESE RZRBMEZE . FE K. (X £s, n=3)
FTT BOERMEXRE
Table 7 Release model and coefficient
B i i A TR R2
Gal-SMSD 57 Y Mt/M«=0.045 5 t+0.331 5 0.746 8
— R In(1—M¢Mx)=-0.1051t—0.383 9 0.794 4
Higuchi #5174 Mi/M»=0.208 5 t¥24+0.134 1 0.9256
Weibull 4574 InIn[1/(1—Mt/Mx)]=0.651 0 Int—1.046 6 0.9893

Mv M-t ool [B] RFREIE s M/M=Jy ¢ B IR BB A 7 2

M, and M,-cumulative release rate at time ¢ and oo; M,/M,-cumulative release percentage at time 7.

2.12 RREMER

K H Gal-SMSD #i oK VT I k5 5 fa e k.
B Gal-SMSD ¥R %3 T2 R, B TRE
FAIRHZE 2> 5N 35 “CHI 60% 1K) 1E A 1A 4,
00T 05 15 24 3. 6 N HEUE & Gal-SMSD # K,
% “2.47 TR 5L Gal-SMSD ¥y KUK . 45
R 9, Gal-SMSD ¥y ARAEIH %M FiEfE 6 4
H TR 1.48%, FHIFaETE RIT.
2.13 FAAFEMR
2131 HASHUNTR WNERZER. WEHIES
¥ (mPEG-PLA 5= R Z % H&EHIA Gal-SMSD)
A Gal-SMSD ¥y AKi& &, FKH 0.5% CMC-Na 7K
oy AIBCH] ig M. 18 W SD KERBENL N 3 4, &
Y MERE Y, XHRE R OK BRI & 5% 50 mg-kg ! (LA

1.8 1

1.6 1

1.4 4
1.2 4

2
1.0 4
SN
12 0.8 1
0.6 1
0.4 1
0.2
0 : : . . : .
0 1 2 3 4 5 6
tH

9  Gal-SMSD # KR REIRIEIHIIMER (X +5, n=3)
Fig. 9 Sedimentation rate of Gal-SMSD powder at
different times (X s, n=3)
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PMRZERTEID g, RmRERANYIHIRS
WA T 0.17. 0.50. 0.75. 1.00. 1.50. 2.00-.
3.00. 4.50. 6.00 h T-ARHE 5 & ik AHXIMZ) 250 uL 22
RS CET, 3000r-min! B0 2 min, BLIMIE
AURRAT o IRPEATHI TGS B, Gal-SMSD 4144
Jin 8.00 h A1 12.00 h HifiL g5, FARIEAEAH [
2132 [MURAFE S ARSI RS B AR IR 3 R0 R
G R, RACHKERBEE 1.0ugmL™, IEFNR
PRSI VBN AR, MR ET 37 C
KRR, FEEEI 100 pL EEOEF, TIA
50 uL PFRVETRRN 1 mL B, e 30 s 157R B
6 500 r'min~' Z0> 5min, B EIERET 37 CEMK
AR 100 L L5 E ¥ 5RE, FEX 6 500 r'min!
B0 S min, BI5 58 2 A AR I IILRAE
2.13.3  prdEfhgk  SRA A EIMmIKACH] 2000, 1000,
500 250, 100. 50 ng-mL! /5 K 2% & I 56k R g,
BANKE 73 BIFE B EL 100 pL 2 B0, N 50 ul
WHRIETRRN 1 mL 20, 4% “2.13.27 TN E1EH %
FrEETE 2 BRI I FR A % “2.3.17 TR
TR 2R S T R 22 2 AR B AR T AR, T ARV T
MIE (¥, FFS5EmREHRRERE O T
PEEIE, B Y=1.894X—0.166 (+=0.9985),
FHITE 50~2 000 ng-mL ' FEAEL IS &

2134 LEMES UGS A RS
I 2R B S ey R 2 R R IR N S0ng mL™)
MEREER ig 4525 6 h MRS VER S 5%
“23.17 BUN OGRS, WK 10, mRZZRM
B R AR IE LTI, TEtEE.

2.13.5 FEEEHEEZE B 50, 500, 2000 ng-mL " Il
KRG, 1 d W RIESLERE 6 X, 1HEAS
B R E RPN FRIEE A RSD 2508 7.11%-
3.69%F1 5.54% (n=6), RHHWHZEFERL. F
PESENE 6 d, MR 1K, HHARRERMN
FrRUETHAR LUAE RSD 735108 4.19%. 5.23%FH 5.79%
(n=6), FIH KSR

2.13.6 HEEMFEL BERER ig4256 h M
KFEM, % “2.13.27 BUR 7 iEH 6 Al fis
W, MASmE REZRTEIRER RSD 73514 6.61%
(n=6), RPELEMRILT.

2137 FREMEHR W1 MERERigHZA 6h
AL SEAE ARG 3 F 04 24 44 8. 121 24h Il
E R ZRIE, 11515 RSD {H N 6.43% (n=6),
T MLIEFE S ta e M R T .

| | A
[ T T T T T | T T
0 2 4 6 8 10 12 14 16 18 20
‘ bR
X
n |
M‘I\||| 1 N B
||-‘\I‘J'\‘| ‘I “ il L% 2
oA oA _
[ LR T T T [ [ T T 1
0 2 4 6 8 10 12 14 16 18 20
l’*lhﬂ
r‘ C
llﬂlll‘”f H Y
e} EEA
‘Iw-.l‘-. A\ “
L e e S e e A L e e e B B e e A A A e o
0 2 + 6 8 10 12 14 16 18 20

rmin

10 =RMmR (A, mEHR (B) MMENRRER
(C) HPLC &
Fig. 10 HPLC of blank plasma (A), plasma sample (B) and

plasma reference solution (C)

2.13.8 [IUHEFELE  RA & R 220 RS R5
I IR E N 50 () 500 () 12 000 ng-mL™!
(D 11 R 225 MO IR TV R T8 3R AR TR
HIREEAN 1.0 pg-mLD), HEFENE & R 25 EK
B, SECHIAREERT L rH R A . 45 3 R34 [l
2 96.04% (n=9), RSD JJ 6.80%, 7&HAHERfiE
B

2.13.9 mRFEREERAGNRME  BURER
&R 50 ng-mL! i R 22 K MO0 IR RV, BRI
WoE. WEERR (F¥LL 100 1D 4 10ng'mL ™,
MR (EEEE 3 1) N 5SngmL ',

2.13.10 ZHBhsE R 2GR EE R Hh 4 L 11
DAS 2.0 BfrEM AR REZR. YEIREYH Gal-
SMSD FEZjZESH, 4R NEK 8. SRRERM
e, YRR G & 2i3) S50 T B AR A
(P>0.05), Ut CIARAEDDFIFH & e m AR A BR
Gal-SMSD #8347 N R AEIR KSR, FE 2455
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1200 - - Y EIEAY)

—+—Gal-SMSD
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800

7

I

400 -

11 MZ5RE-FHE#Z (X £5, n=6)
Fig. 11 Blood drug concentration-time curve (X *s,
n==6)

SR TR (P<0.05. 0.01), HrblgE
(hp) FEKZE (4.7740.91) h, KIERE (Cnax)
AR AR B oy it & 3.134 5.16 1%,
Ui Bl Gal-SMSD feghnm R 2 & HRB e, 2
WS AR 3z Kk T B A 4

2.14 HYEHAR

2.14.1 57 2 BUREIRIE (T2DMD BEAL K 48 H
SD K% TREmENAFE, 4 FJE%5% 12h, ip
JORAZE T VAT (0.1 mol- L1 Fr e 2 AN 22 vh Y i 1
JREWRE N 75 mg-kg™), EEEFH 3 do 3K
TR TERC 720 Ja, & R OK R R R KU I a2 i b
B MsE 45 R IR, & AR A IE a7 14.7~
23.8 mmol-L~!, ZRAH T2DM 4k 7Y il & Bl Bh 19,

=8 FEAH|MHESBH (X L5, n=6)

Table 8 Main pharmacokinetic parameters (X *s, n=6)

ZH AL R ER YR & Gal-SMSD

tmax h 1.03+£0.28 1.12+0.30 1.61+0.55
tu2 h 2.27+0.67 2.64+0.78 4.77+0.91"
MRT h 3.03+0.79 3.414+0.94 6.01+1.32™
Crmax ng-mL™! 533.18£69.80 588.17£139.04 1669.78+306.13"
AUCo-t ng-mL™"h 1148.90+143.55 1292.44+173.15 5930.64+792.58™
AUCo- ngmL!'h 1196.69+156.74 1379.47+198.02 6 187.35+858.91"

SEREFLE: 'P<0.05 *P<0.01.
“P<<0.05 *"P<C0.01 vs galangin group.

2.14.2 ST RMAER ¥ 48 A T2DM K FEHL
38 6 4, BIBIAYA (555 0.9%FALIERD . —
FHXUITAE (200 mgkg ™) mRZHRAH (50mg-kg™)
A1 Gal-SMSD ik, 1+ m7fl& (10, 30, 50 mg-kg™
H, I8 RIEHE KB AN A (& 0.9%F 10
BNIRID . BRIk, EEA2 4, TR
MHEE . 2550 WA 12, SxFiRglbbds, A ik
HEERM (P<0.05); SHEAYAE, WET
B[R] (R v R 22 2 AL BB D BRI, 26 2. 3.
4 J& Gal-SMSD . il EHEREE, 53, 4 )4
FRZRHAEREE, G REZRAAREFME
MFEEHE, 4E R 2R L Gal-SMSD T 1Tl
b A 25 243 77 B KR I B A FHBR B 2, R R 4F
R EAE G, BAEF 8 T = RZE R, Rt S Gal-
SMSD N 1w R ZERAANRISRR A G, HE5R [
HRZERGM. Gal-SMSD m7EH (50 mgkg ™)
5 HUIRAAESS 1. 24 3. 4 J MUHHE 0 S35 k2
5 (P>0.05), F£W Gal-SMSD &7 415 B 4%t
R 2L P o L 24 2850AH 24

2.14.3  HEPRFEKBRAEATERR DI E  “2.14.27 T
THE 1 GE MpEE S, IRAIREUL 1.0mL, &
FEOHLH 3 500 rrmin”! B0 4 min, B EEIMTE
AL HTACIN 8 R A BRI B (AST) . THE
R BB (ALT). JREZ (BUN) FIULERET
(Crea). ZEHIEE 9, BIMA] AST. SLT. BUN,
Crea & m TXEAL (P<<0.01), FWHFIE. 'B0F
SRR, SN, mREER. ZHRUN.
Gal-SMSD %575 40/ AST. SLT. BUN. Crea
B FHFE% (P<0.05. 0.01), H. Gal-SMSD %74
SRR, B e RS T
RZRAH.

2144 REFESEMTT “2.14.37 BUFHUMLSE,
¥ 2 g-kg ' AR ig 4T RIEERL T 0. 30,
60 120 min € MBH(E, S50 WK 13, BEAIAHK
BRI - ] gty 2 A G- 2%, 3% K 881 657 B A T 52
HEMAMLLE, —HXIH. mRZEZRAM Gal-
SMSD &5 A F B B (e, i — B XU
1 Gal-SMSD =7l 2 AR A KT BE B 2, R
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=Pyt oA F1 - FUIR
30 - e
oM RER 2 Gal-SMSD 10 mg kg  EGal-SMSD 30 mg kg
3 Gal-SMSD 50 mg kg™
*%
25 *k *k **
T i sk T
===y T #
~ = =l T # s
| :,.rt --i; #it ## it
5 = =(=8 = =N =
£ =IEfs =(El I IEE T = s
kS =] 4 == =|=i =|heE iz il =
i == =S| =|S|ey =i 1B
o =k == =& M= = [
= == == = |l == =|=
£ =&l =k =i =i =
== =z =|e= =|=if= =[=0d
=[5 = == =[8 =
=|=I =|e=1g =fi=l® == =
=|== | === = [ =[5t =]
= || =i == =[=l =\
=[Sl =|[ai]s = | ==l =
=|==l =|e=] == : =|& =
=i = | == : = | ==
=[S =|[a1e == : = ==
= |l =i = ==l ==
_i T =l T _:LL T - =18 T =E§_|
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/i

HXEA LR P<0.01; SEMALLE: “P<0.05 #P<0.01.
*P<0.01 vs control group; *P<0.05 *P<0.01 vs model group.
12 FELWEHERFRERKHMEE (X +5, n=8)
Fig. 12 Blood glucose values of each group of experimental animals at different time (X £s, n=38)
R9 MERBRAREMERUESER (X £, n=8)

Table 9 Determination results of biochemical indicators in diabetic rats (X s, n=28)

4151 5/ (mg kg ™) AST/(U L) ALT/(U L) BUN/(mmol L) Crea/(umol-L™)
xif HR — 71444517 103.69+6.24 4.19+0.54 28.891+2.74
T — 178.15+5.14™ 190.77+12.06™ 6.69+1.13™ 50.0143.86™
ZHBUIR 200 89.54+4.10% 119.11+8.07# 4.70+0.59% 34.1343.52#
FMRER 50 132.12+7.93% 154.38 +12.04* 5.03+1.04% 43.12+4.87*
Gal-SMSD 10 144.0649.14% 168.4049.52# 4.724+1.12% 38.66 +5.28%

30 115.5247.97# 147.1948.75% 4.58+1.09% 35.84+4.67%
50 78.131-8.04% 108.93+7.11# 4.42+0.85% 32.6413.55%
Hxf AR "P<0.01; SHMAE: #P<0.05 #P<0.01.
**P <0.01 vs control group; *P<0.05 *P<0.01 vs model group.
7o P IR R 5 BE 77 pal.l S
IR FEH (AUC) H#5EARN: AUC= o ~ cilowsotomekg® <~ B0
—e Gal-SMSD 50 mg kg SURSRATEN

(AominTA30min) X30X 0.5+ (A30mintA6omin) X30X —-Gal-SMSD 30 mg kg

0.540.5 (AsominTA120min) X 60X0.5, A 448
I A MBEE . 2R B AUC fE45 R 14,

TERIZH AUC fE IR 22 = T R (P<<0.01), 1t B
MR, R ERAMN Gal-SMSD k.t EA
1) AUC {E 5 5 E PR TR 2 (P<<0.05), 1 —H
WU AT Gal-SMSD & 711) 5 2H A 2 35K T A 2R 4.

IMHEE/ (mol L™

(P<0.01), iEH] Gal-SMSD i) 41 5 i B S 5t " 30 60 % 120
T2DM BERLK BRI HI AT B 52, I PRIz e (R U - min
3 Whig B 13 T2DM AR OBRMERNESIRER (X £5, n=8)

2 5B AR E B, XHEAES Fig. 13 Results of oral glucose tolerance test in T2DM rats
A i A7 R 1 A P ) RO S R R, Rt (X s, n=8)
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## HH#
1 OOO-J I I I l
SR B HXAN Gal 10 30 50

Gal-SMSD/(mg kg 1)

AUC/(mmol min L™
o
o
o

o

LA TP<0.01; SEAMHE: *P<0.05 #P<001,
P <0.01 vs control group; *P<0.05 *P <0.01 vs model group.

14 T2DM KR ML TER (X £s, n=3)
Fig. 14 AUC value of T2DM rats (X *s, n=38)

iy 7 AR A AR o 28856 1) 6 [ A 43 HSOMR SR i 38 O B
B, AHICIE VA IR 280575 %8 K I mPEG-PLA
Ha REZERIBMRE S 2 0.9 MPal?, FKHH
B AR RAF, MUERE mPEG-PLA BN Gal-
SMSD #fAk .

Gal-SMSD SR EEAS BIBH 3G, n]REs2
Gal-SMSD 7E/KAH @IS 5 H2E TR, 1254980
FET R $em VIR, RIT20v; Ziad
TR, AR TS i pH E A H AL 5
DR 2 0T 25 P ) B 20, 338 T 95 tH & - Gal-SMISD 7E
R E I PO R 2 T R 2 B T 20 IR
WK Z VPR R TS, SR v ge T
Gal-SMSD [ 415 % B s A0S P4 38 245 ) R Tsske 2|
BOKIBE A A FH TS =1 R 22 %5 mPEG-PLA 731
SERZ (AT ReAEAE S ), AT AL B —
IR H], SR FFLL. SRR 2. Gal-
SMSD % T 25T 2, AT ReXS 251k A 23
AT N AR

Gal-SMSD 1) tmax KEZESS, TIRERYS Gal-
SMSD ZERAEHA K. BT Gal-SMSD XL 15
RZFRME T ORIER, ) T FEAR, 38m T )5
I, B ZAE Gal-SMSD ) fimax KA, [H]
I X+ Gal-SMSD [ #12 fil MRT 72 A5 K2,
HM B EMELK. Gal-SMSD H R Eeit 7R 32
ORI, ATRER: BT Gal-SMSD #4017 i K 32
IR EE BB SE, R T 23O Gal-
SMSD *t i R Z R AL E/E RIS T E B mENT
Befd L%, RIF3Emzyyiklia; KA mPEG-PLA
YEA Gal-SMSD #Hiffk, H&b# L1 2 K EEF
TR R R 22 R A RN, R T2 1 254

I Gal-SMSD |5 £ B KAE IR T 5 A B 5 1)
SRAKPER2, R T 753 15 i TE R RZ T HE N A
W = RZRA Gal-SMSD F1 4648y 0 BE 5,
TG e B ZTH L i B 24 5 R 231

R TLR N, Gal-SMSD iR TR R E R
Ve R 24238, B T PEAIREG 2557 &, 32225 Gal-SMSD
WMRUGE T REXZEMFHEAR XK. &iREH
(50 mg kgD P MAEZG RS — XM (200 mgkg™)
2, VPO PSR A TR R EERY, 2T Gal-
SMSD & 5 %Kl PRI - AORE B B8 8ia T 1 &
BE—BAEFEE-S2), AW FEHIA3 ) Gal-SMSD iy AR
AR, AR R RN, (E1FE
— BRI K

MBEHAR AR FAREGEA TR

SE R
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