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Abstract: Objective To improve the water solubility, dissolution rate and small intestine absorption of luteolin by preparing luteolin
nano-suspension. Methods Luteolin nano-suspension was prepared by microprecipitation-high pressure homogenization method,
and the prescription was optimized by single factor screening method with particle size, stability, polydispersity index (PDI) and {
potential as indexes. The nano-suspensions were characterized by dynamic light scattering, differential scanning calorimetry (DSC)
and X-ray powder diffraction (XRPD), and then the dissolution rate of nano-suspensions in vitro was investigated by the oar method.
The drug absorption in different parts of duodenum, jejunum, ileum and colon was investigated by rat valvaration intestinal model
experiment. Results When D-a-tocopherol polyethylene glycol 1000 succinate (TPGS) with good biocompatibility were selected as
stabilizer and the ratio of stabilizer to drug was 1:1, Iuteolin nano-suspensions with particle size of about 210 nm and good dispersion

and storage stability could be prepared. The { potential was (—16.30 + 0.78) mV. Transmission electron microscopy showed that the
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nano-suspension were uniformly dispersed spherical or elliptical nanoparticles. The results of DSC and XRPD showed that the crystal

state of luteolin was not changed after preparation of nano-suspension. The results of in vitro dissolution experiment showed that nano-

suspension could greatly improve the supersaturated dissolution of luteolin. The results of eversion experiment confirmed that although

the nano-suspension could not change the absorption site of luteolin in the small intestine, it could greatly improve the absorption rate

and amount of luteolin. Conclusion The results of this study showed that the water solubility, dissolution rate and small intestinal

absorption of luteolin nano-suspension prepared in this study could be significantly improved, which could be used as a potential

dosage form for oral administration of luteolin.

Key words: luteolin, nanosuspension, supersaturated dissolution, oral absorption, everted intestinal sacs experiment;

microprecipitation-high pressure homogenization method
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TPGS) ffill £ LNS k2 K/N. PDIL § HA7 45 540
R 1 PR. 3 e R ET & FRLARIILE 100~500
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U (A7 R 1 o
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Table 1 Particle size, PDI and zeta potential of LNS with

different stabilizers (X £s,n =23)

FaE A Hi42/mm PDI ¢ A /mvV

SDS 3025493 0.193+£0.030  —27.60+0.85
F68 2184+112  0.3184+0.025 -30.30+0.92
TPGS  209.1+34  0.198+0.016 —16.30%0.78
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Fig. 1 Effect of different stabilizers on stability of LNS
(Xts,n=3)
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BETRREZET 102011, 25 13 FhARE AT
A LNS MRsE e, 2R A 2 s, 4250)-Fa0E
R2 BHREFRBLLAME (Xts,n=3)
Table 2 Screening of drugs and stabilizers with different

mass ratios (X +s,n=3)

L Fi4%/nm PDI ¢ A /mvV
1:2 2893+6.6  0.173%£0.091  —25.30%0.81
1:1 210.7£2.0  0.196£0.018 —16.80%0.27
2:1 346+37 015720059 —14.10+0.17
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Fig. 2 Effect of mass ratio of drugs-stabilizers on stability
(Xxs,n=3)
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(n=3), B/ PDI AZEGHEBR M) ¢ AL, BBk
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Fig. 3 Particle size distribution of LNS
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222 fEAARETE RS LNS 72 RISAE 4 °C
AR, AETUE F ] R, i Ok

FESy AT e FoRi A2 F PDI, EL:% 42 14 d, B4
FESCPATERAE 3 63, S5RILER 3. INSfE4 CHIE
TN fEAE 2 B JE, KRR PDIASA I, (HAREYE
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Fig. 4 TEM image of LNS
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%3 4 CHMERTHRE 14d A LNS BRIZEEN (X5,
n=3)
Table 3 Size change of LNS stored at 4 'C and room
temperature within 14d (X £ s,n=3)

Fif%/mm HifZ/mm
=i 4 C o it 4 C
210.50%2.01 210.50%2.01| 8 226.57%£1.10 220.40£3.29
211.87%£1.42 211.47£5.00| 9 226.93£3.67 222.17£3.11
215.13£0.45 212.50%0.5310 226.63£0.42 222.20£3.18
217.57£1.30 214.33+1.9311 227.97%£0.21 224.50£3.84
217.93+5.36 215.03+2.30(12 229.20%£0.36 224.93£3.95
223.07+2.68 216.571+2.22[13 229.67£1.06 226.13£2.41
2242041.18 218.33+2.56(14 230.97+£1.25 227.23+2.84
225.2342.36 221.371+3.04

=
o
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223 ANBE SR RRREM B pH 1.2 # pH
6.8 FRIZE MR TR B A, K145 1 LNS 43
BILLL D15 Bk 2 MR IIR A, T 37 CTK
WHCE, EPUERIRA L 04 24 4. 6. 8. 12, 24
h BHORE, @O R FE 2 B O e kAR, I SE
5L 24 h, TAFERTATIRGE 3 4, 45K 4. 1
2 37 CRIZEMIER I E 24 h N, LNS [hifE
A1 PDI JLF- 4k, KB LNS 1E 2 Mg e R
FrfeE, XERR LNS MRS 2))G, (£4 BWmiEs 2
B RECRFE RIF MR e, XARTFRBREREEG
T8 ST AR S ATLE, AT FIT AR FE R [ s
PR T T R A A5 ) AR R
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#F 4 LNS 7£ pH 1.2 71 pH 6.8 FEHBRP R E M
(Xts,n=3)

Table 4 Stability of LNS in buffer solution with pH 1.2 and
pH68(Xts,n=3)

t/h

pH 1.2

pH 6.8

Bif%/mm PDI

Bif%/mm PDI

®©® N b~ D O

12
24

210.40+1.80 0.19840.020
210.60+1.80 0.18740.022
211.10£2.00 0.19540.019
213.50%2.10 0.202+0.021
214.70%+2.00 0.20840.025
214.90+2.20 0.211£0.015
216.80+2.40 0.22340.019

207.80+1.80 0.18940.019
207.40%+1.90 0.18140.020
209.10+1.80 0.19940.016
208.8042.00 0.19240.019
210.3041.90 0.208+0.022
211.90£2.10 0.199£0.021
213.601+2.00 0.21240.025

224 HERIBEFMWEAREM R KKk M
DSC ki LNS HARRE R BAR S KA T
A5, MARFE A AR B 2 TPGS. AR 2 5 TPGS
P EVR AP LNS. AR E N2 (x|, &
HRE SRR 3~5 mg MIARRELZ . TPGS. WHLR G
Y OKRBEZF+TPGS). LNS T T2 &
#r AT (differential scanning calorimetry, DSC) X
i, Nodit (40 mL/min) {247 F, LL 10 ‘C/min FHf
RS THR, THRTEEZE N 40~600 C, idx
ZRPWERSITERLE, AR ES i 3
fit, ZRWE 5. REBHEZRMN LNS, WHEIESYY
g, HURRIE N 339.38 °C, FarE XS AR AL
F A R R FEARTE R o IX K LNS FF A R
FUET 4RSS, RERRAAEA 2 SUE AR R AL
KW, EARBERAM LNS 1, £ 50~150 C
HILT 15, X ATREE BT 2RI T K iE

P AIFRUE B AR R EE . TPGS. YIRS

g
- 3 AR
S~ mmran
0 200 400 600
7/C

5 ARISHERHERE
Fig. 5 DSC curve of different components

Y OKBHE K +TPGS). LNS BT X S8 K A5
(X-ray powder diffraction, XRPD) {1, DLt
€ 7 3 U ARG BN 5°~60°, HUE BN 40
kv, HRA30mA, SR ILE 6. HE 6 751, K
FRERAE 19.12. 23.20. 26.32 CH 3 Mrhtlg, #7
WP MG ECAR S, WERE, RPAKRBERD
iR S ST R e R TPGS 1 15.72.17.48.22.86-
25.60. 29.26 CHATHHFEIE . il & B K IR B
J&, EAR LNS B oA B B3R (I RFAE I Pk ss
HEEARBEZMI, EAHNAL B REEISEE, 3
— R SEH K LNS JEA R F R I A W3 U8
A, BRI I 2 R A R B R I A
X5 DSC 745 R —5.

10'20'30'40'50'60
20/(°)
6 AEEZREFH X HEMRITEE
Fig. 6 X-ray powder diffraction of LNS

2.3 FEIRRESIIORE S ER

T SE AR B R R P R T SRR RN
KRBT I VAV H S, AR S50 228 SOk 7 VA2
##377 HPLC 2.
23.1 Rk BN Sino Chrom ODS-BP {4
A (250 mm X 4.6 mm, 5 pm); AN HEE-0.3%
BERR /KR (60 © 40); Al 30 C; A 350
nm; AFFE | mL/min; #EFEE 10 pl.
2.3.2 PR ARVEVRIECH] RS B RRIOR B L E O
b 2.50mg, JHN\ 100 mL A&, LUE &G
R 2 SE R, JFeERBZIEL, FAR™REINR
BN 25 pg/mL AR R B 3008 HE i 2T
233 RMERRFE RO B RE RO =K
JE43 5129 0.5, 1.04 2.0 5.0, 7.0, 10.0 pug/mL £ 7%
A R EL 20 HR AW, $% “2.3.17 TR il 41
HEAT AT, DOGT RE 0T Sk RO AR RS (XD, T
BUAYAAR (V) ATERYERNE, BRI TFEN
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Y=44 670 X—2498.3, R*=0.9998, 45 R FIIAKRE
FRIE 0.5~10.0 pg/mL 2155 R R I

234 LJEME. REEENERE L FEH
HPLC i 26, KRB R OHTIEASZ pH 1.2
F1pH 6.8 A/ F2E 5 TPGS. Tyrode ¥ LA
J S BMSCR H BITA Fr BFH C 7), RBAR S
P & B ER AR TR, el
JEAA AR H R 7 IR TR A JBR B 2R 1 M
Ko AH, HREEEESLKH RSD N 1.2%, i s
fiK 3 MR IR EE BURE SRR WA 99.67% ~
101.47%, RSD ¥J/ 2%, 76 (HREZGH) 2020 4
PR TR AE

|

t/min

7 REEZRXMES (). KEERMAKEEF 1)
TPGS ¥& (c)« LNS 7E pH 1.2, 6.8 AHNE (d,e) HiE
%A HPLC &

Fig. 7 HPLC of luteolin reference substance (a), luteolin
nanosuspension (b), TPGS sample (c), dissolution solution
of LNS in pH 1.2 and 6.8 dissolution media (d, e)

235 CPETEMEEMIE O T IE AR R B R AR
pH {4 1.2+ 6.8 &l I~ AR P, B S mL
2 PGS 3 A THEMO T, IS B R
HER, BAEWKE THERR AT, EEERN
37 °C, ¥N 75 r/min 214 FIR% 24 ho HUH S4F
i, 3000 /min R0y 10 min J5 B IS, ARG
0.2 pum JEBEPE, BUELEM TR, %8 2.3.17
T B SRR e, TSR R B R P
fREE, S5, AREERZERLE pH HA 1.2, 6.8 K
G I )P AR FE 2 D (3.8340.23)
(7.8140.13) pg/mL.

2.3.6 HHMIRIAHERNE  hTEE LNS fRAk
AT RN, S CRE Z58) 2020 ERH 25T
HAREEW T 7R R AR, BL 500 mL A4
BN AR, RN 3T C, KRN 75
t/min, # 30 mL LNS U A, DU A&
WRFERIAR R B3 SR RAE NN IR, B P AT #

YE 3 4. LAZGWRIFEARES A T da vh s, 4350 T
5. 15, 30. 60. 120. 130. 150. 180. 240. 360-
480 min I HUFE 4 mL, HUSEREE AL RIS 4 mL A
BT EE A 5346, T 120 min BUFE S, 44
AN AR T 23 I N TS B 1K) NasPO4 WA, 1715 pH
E4 6.8, LM . HBTHUREMIERZ 0.2 pm
ALIEREE, ISR E T, 1 “2.3.17
TN O S AR e, THE RAA R, S5 R ALE 8.
N T IE S HATS K, R SeEd R, A
5T H 24 ) o AR TS R DR Rz sz oK T 2 R A
Wifg R, 255l 8 fros, £ pH 1.2 #1 pH 6.8
I, AR B - SR 24 A AT H G AT 56 1)
SEETIE AL, LNS [P I AN H 46 2% 0 0] RS
ISR, ULIAHI A B s R A R
pH {E VN 6.8 J& , b A H/KF B &5 N B4, 78 150
min J5 IR K& #i AR 8, PR LNS BE4ERF
B v 1 e MR KR

307 pHI12 pH6.8

20 LNS

10 L TR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

I A R (ugmL )

0 120 240 360 480

8 WIBFAHLER

Fig. 8 Supersaturated dissolution results

SERKN, LNS BOR R R JFR 25 BA I SAL
#, HABME HEL R AR R RFERZA R 15 15, 1T
VLRI RS = T BE4E R K N B], W DARESR 25 7E AR Y
DRIBT H B AR T 0 ROt R, AT Ao R e 7P 5 /N
B N HARUEAY) 0 T RIS IRAS, $em T IRRZ 1)
AR, ARG L AR H R,

2.4 1NAIRUSERE

HNTIRE LNS WA B FAE 5 7 iE s
RLFIRISCH R (5200, SR FH ANER I 315 P4 7T LNS
TE NG TEAS [F)Ji7 B IWRSCRFAIE, AR T2 TE A
() B ARG AL .

241 XTHGERSIE REER “2.3.17 TR
MINAAR RS, BT 50 mL fEEEm+, M
Tyrode L E R 2L, 5], FoHREREN 1.
2. 4. 8. 16+ 32. 40 pg/mL A 5 & IR S
242 LMEXRRFE L “23.17 TR AR
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e, DA R R 250 BRI B A AR (X0,
WETH RN AR (YD BEATRAERNH, 15 2B 752
N Y=45475X—19575, R2=0.9996, %iFEKHIA
BRHZRAE 1~40 pg/mL iM% R R IF.
2.4.3  BEASIEB IR R BRI S IR LR
WL h3dH, fH4 R, SKHET 12h 258, Al
Ko FMEMLEAALSE, FTHIERE, NOorE /NG,
MBI 8. S B, SR B S
10cm, FZEBRER/KITEEETE N BT o M B
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Table 5 Ka and R? of luteolin in four intestinal segments for the luteolin solution and LNS (n = 4)

5% R/ + =15 17 E)i7] 2017
(mgmL™")  Ki(X1073) R? Ka(X1073) R? Ka(X1073) R? Ka(X107%) R?
KRB ZIER 0.15 7.50 0.9773 7.64 0.9479 4.71 0.9723 2.55 0.981 7
0.30 8.38 0.9820 8.29 0.955 8 6.00 0.973 1 2.64 0.996 8
0.60 16.25 09577 1693 0.949 8 8.29 0.976 3 3.64 0.984 2
LNS 0.15 33.13" 09757  29.07" 0.969 7 8.79™ 0.981 1 4.41™ 0.992 7
0.30 52.00™ 09630  43.14" 09647  13.14" 0.9853 5.14™ 0.986 2
0.60 57.56™ 09960  55.64" 09920  16.64" 0.9922 591" 0.991 5

5K AR R B i K, EEf: " P<0.01,

**P <0.01 vs K, of luteolin solution in the corresponding intestinal segment.
3 i
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