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PDI 7y 0.122+0.013, ¢ HfA (=31.79£1.37) mV. HD-PC-NPs ¥ B MR IRE A 77.06 {5, 6 h BERBHERES
94.68%. ZizF4E R EoR, HD-PC-NPs iAW A1 B MHRAT, P32 (nn) KE (5.69+0.82) h, EIEIRE (Con) 1BH
% (1213.964+149.88) ng/mL, X RAEYFIHEREE 3.09 1%, 45 HD-PC-NPs Al {2515 L IR ARE, Rk
A H B A AL

EHEIR: BT BEISEAY: 9UKIREF; Box-Behnken BEit-RUNIHVE; WA 4uKiE-EELFUE
FESHES: R283.6 NHRFRERE: A MEHRS: 0253 - 2670(2022)24 - 7740 - 11

DOI: 10.7501/j.issn.0253-2670.2022.24.012

Preparation, characterization and in vivo oral pharmacokinetics of hesperidin
phospholipids complex nanosuspensions

LI Xi"23, ZHANG Wen-zhou'- >3, HAO Hai-jun*

1. Department of Pharmacy, Affiliated Cancer Hospital of Zhengzhou University and Henan Cancer Hospital, Zhengzhou 450000,
China

2. Henan Engineering Research Center for Tumor Precision Medicine and Comprehensive Evaluation, Zhengzhou 450000, China

3. Henan Provincial Key Laboratory of Anticancer Drug Research, Zhengzhou 450000, China

4. Shanghai Institute of Traditional Chinese Medicine, Shanghai 201401, China

Abstract: Objective To prepare hesperidin phospholipids complex (HD-PC) nanosuspensions (HD-PC-NPs) and study its
pharmacokinetics behavior in SD rats. Methods Hesperidin was prepared into HD-PC to enhance its solubility. HD-PC-NPs were
prepared by nano-precipitation and high pressure homogenization method. Based on single factor experiments, amounts ratio of
stabilizer to HD-PC, homogenization pressure and frequency were used as influencing factors, overall values (OV) of average particles
size, polydispersion index (PDI) and £ potential were employed as evaluation indexes, the formulation of HD-PC-NPs was optimized
by Box-Behnken design-response surface method. Lyophilized powder of HD-PC-NPs was prepared. Morphology of HD-PC-NPs was

observed by transmission electron microscope (TEM). Dialysis bag method was employed to investigate the drug release. SD rats were
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divided into hesperidin suspension group, HD-PC group and HD-PC-NPs group. Hesperidin concentration in plasma was analyzed by

HPLC, main pharmacokinetic parameters and relative oral bioavailability were also calculated. Results Optimal preparation of HD-

PC-NPs was as follows: amounts ratio of stabilizer to HD-PC was 3.2, homogenization pressure was 95 MPa, homogenization

frequencies was 10 times and temperature was 50 ‘C. Lyophilized powder has a full appearance prepared by 5% mannitol. The

morphology of HD-PC-NPs was spherical or quasi-spherical. Average particle size, PDI and ¢ potential of HD-PC-NPs were (268.62 +
18.14) nm, 0.122 £ 0.013 and (—31.79 + 1.37) mV, respectively. Solubility of hesperidin was enhanced to 77.06 times and cumulative
dissolution in 6 h was increased to 94.68% by HD-PC-NPs. The tmax of HD-PC-NPs was advanced significantly, 712 was prolonged to
(5.69 + 0.82) h, Cinax was increased to (1 213.96 £ 149.88) ng/mL and the oral bioavailability was enhanced to 3.09 times. Conclusion

HD-PC-NPs could enhance solubility of hesperidin, and promote dissolution in vitro and absorption in vivo.

Key words: hesperidin; phospholipids complex; nanosuspensions; Box-Behnken design-response surface method; bioavailability;

nano-precipitation and high pressure homogenization method

P B SOPRMER Y BREEH, FEAFAE THI S
J& Citrus LIV, BT HEFAEY). BN
FUAEIR, BEEAIUME. PiR. PiEl. PUR
Bp. PRI, FEIUBE. S D52 Bg .
KB IREACA (6.324£0.12) pg/mL, 557
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FEH (37.16+0.19) pg/mL #EEE (5.69+0.36)
mg/mL, Jy#]4% HD-PC-NPs 29 & 2t . B 50 mg )
HD-PC HiFE T 6 mL B/KLEE, HSHEVMH; HB—
ERMFENET S0mL 20K, B/KHM. fE)
P FEHEE N 1000 r/mins 3N 50 CHMAFHEH
ISR /KM, A 5 min J5IEHEZ 20 min.
TEIR R, #MINZEIE/KE S0mL, KA 0.45 um
fLIENE gL, BI43 HD-PC-NPs V& -

23 BEEFHNEENE

231 O3k (3% Angilent SB Cig £ (250
mmX4.6 mm, 5um); P 283 nm; FENFA
ZJi5-0.5%EERR VAW (22 & 78); N 30 C; 4k
FUR N 1.0 mL/min. FF 5 1 ES RS R
EETHI AT 8000,

2.3.2 HD-PC J HD-PC-NPs fitis S ilic] B
HD-PC %) 10 mg & T 50 mL &, jn30 mL A
LA [ ZE-DMSO (9 1 1] #E 20s, WME RS
BEMANRSAEREEZIE, #5, i 0.45 um il
FLUEME, RI43 HD-PC 5. H HD-PC-NPs
TREWE 1 mL BT 50 mL £, 30 mL 2
F20s, WEEZERGMANRIHHRREEZIE, #
51, i 0.45 pm FAAFLIERE, RPf3 HD-PC-NPs AL
T

2.3.3 GRSV IO ECH RS PR EURS R 0T R
10 mg, BT 250 mL &Jfi*H, I 4 mL DMSO
PRI CIEMRE B2, BI15 40 png/mL B8 Bz #50f
MG, B, BTUKAES, AiaH.

234 LMEXRRFEE B LEREMESR, K
2SR RS 10.004 5.00. 1.00. 0.50. 0.10.
0.05 pg/mL (X E SV, HEREDNE . DARS Rz H i
RS (YD, B R B EIR AR (XD
PELEPERE, 15RIH77FE Y=14.296 7 X—0.659 2,
r=0.999 8, ] WL ZELE 0.05~10.00 pg/mL F A
RIFRIZRMER R

235 MEEERL BUE R AN 10.00,
1.00. 0.05 pg/mL X B8 ST, 43 B SEERE 6 IR
SR TR A B RSD KN 0.43%.
0.19%-+ 0.52%, W] WAL Z FE R4 -

2.3.6 faEtkidE  H HD-PC F1 HD-PC-NPs ji &
WAL BT, T 04 3. 64 9. 18, 24 h IF[A] ik
¥E. 45578 HD-PC Al HD-PC-NPs 8 Jz 1l
TR RSD 23514 0.81%- 1.15%, 5 B AR A
76 24 h WhaEME R AT

237 EHEMHRE %M 2327 WUNTR A
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RIS B B e T AR, THE RS E. 4
B 578, HD-PC Al HD-PC-NPs H1 4% 7 & & f) RSD
I3 N 1.54%F0 0.79%, B =M R,

2.3.8  JFEFISCRIREE B 9 1040 5 mg BB
] HD-PC, Zfff&. . & 3 4, 4393% 80%.
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o EIFE R, 451 87K, HD-PC “F3IIntE
[ A 101.42%, RSD A 0.86%.
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IR IINRE B0 RS, 4% “2.3.27 [ERAE ]
A& A ol VA VR R R S A R IR RN
E, R EIR, HD-PC-NPs KL B2 AK A
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i, 1 0.45 pm FUFLIERE, ek R 2K R R A
i, MANCKERR, WESIME A RIS A &
(Mo % “2.3.27 LR R B (M. THHE
BEF (EHER=M/My). 431 ER, 3 it HD-PC
P52 530N 99.91%.
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Fig.1 XRPD spectrum of HD-PC
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Pl rh AT R DR B R RE 24 1Y) s MU . 1T HD-PC )
XRPD &1 o DR Rz 17 il BY AT g, 1 B RS 2
AN E BRI, X BAIE R HD-PC #4% %2h .
2.6 HD-PC-NPs fifZ. ZHEEH (PDD 5¢H
{LE9ME
H{ HD-PC-NPs R & 50 pL, JiA 5 mL %1%

KIRE), “PATHIE 3 o BUEE TR HT 5
71 5E HD-PC-NPs 4%, PDI J ¢ Hif7,
27 BERSE
271 ROEFIMIEKFELE  [EE HD-PC HEHN 50
mg, FUEfE HD-PC & N3 11, BAEDEN
200 W, A 15 min, 5 )& /74 70 mPa,
BIRTREL 10 U, 53 778 SAN [ A g 776 HD-PC-NPs

V. AERILER 1, RIS 188, PVPK30
AIZ 11124 80 #1453 /) HD-PC-NPs 1% /1 PDI {5 )
i KT+ TPGS (P<<0.01). PVPK30 F1 TPGS fill £
HD-PC-NPs ] { HA a5 E B N3, HINE TCR
MR, MOkFRZ TPGS 1E AR E N K&
HD-PC-NPs.
2.7.2 HD-PC 5 TPGS FHELHIFESE [ w24
Fi & 50 mg, TPGS 1ENAE /], # A N 200 W,
8 A I [A] 9 15 min, ¥J5E 77 70 MPa, ¥3J5 {05 10
W, 4y 7742 TPGS 5 HD-PC AN H & L)%+ HD-
PC-NPs s, 4R W& 2, fE%E HD-PC HEH]
#9450, HD-PC-NPs k421 PDI AH 2 5k /N B 3 K

F1 REFMAEMEE (Xts,n=3)

Table 1 Effects of stabilizer types (X £ S, n =3)
[EVRIEEES PDI ¢ HAL/mv
TGO 188 1 158.56+£83.27 0.619+0.127 —23.82+£2.07
PVP K30 754.95+55.14 0.363£0.054 —26.81£0.98
TPGS 305.17£34.07 0.236£0.023 —25.47+1.87
LA 80  618.23+73.62 0.328+0.041 —19.46+1.15

Hi4E/nm

#*2 FREFNS HD-PC AELLHIRIENE (X£5,n=3)
Table 2 Effects of ratio of stabilizer to HD-PC dosage (X £ S,
n=3)

#. 2 TPGS 5 HD-PC H&E N 3 & 1 BFRiARAH
XN, PDUEZ/NT 0.3, 5 ¢ AT XHE AT/ T 30
mV. Hit, JFEEFES TPGS 5 HD-PC &4
AT
273 HMEDIRNER [FEEAWHE 50 mg,
TPGS 5 HD-PC F&ELLHIR 3 1, HAEREN 15
min, 5K ST 70 MPa, ¥IFIREL 10 IR, 53007 5%
AN[EHE A ThE %) HD-PC-NPs [I50 . 45 5 W3 3,
W55 75 DA N, KA A PDI B 56 Jak )N J5 4
PNy DB B B AL VR o A N Y@ 53 e P 02
DR KA R B R, PTRESZI HD-PC 2
P, HRAEA PDI PR3 K, § HALLENHE AR /N
254 HD-PC-NPs (ki PDI Al ¢ HAfA74anti, %
AP DN 250 W
*3 BERWEM (X£s,n=3)
Table 3 Effects of ultrasonic power (X £ s, n=3)

e . .
Fi4%/nm PDI ¢ HA/mV
R/W
100 621.96+64.17 0.342+0.072 —27.72£1.19
150 476.0251.28 0.28440.042 —29.4741.49
200 321.27£43.56 0.233+£0.043 —28.31+£1.26
250 272.51£39.44 0.152+0.027 -30.14£1.52
300 365.22+46.46 0.221+£0.045 —25.40+1.67

274 EANEMEL FEEAHYHE 50 mg,
TPGS 5 HD-PC HELHIH 3 1 1, @A YIZEN 250
W, 577 70 mPa, FHIBTIREL 10 Ik, 5375 %2
AN [ FE s ()6 HD-PC-NPs [R5 . 45 5 L% 4,
B 5 768 75 1) 8] U3 1 HD-PC-NPs R A& 45 /N, {5
T K 75 I T e T S BORIARAE K o FH T 7 ]
15, 20 min if HD-PC-NPs [{j#i42. PDI fl { A7 4
SHETEFEZERE (P>0.05), NYTLRER, ik
FEE I A4 15 min.

2.7.5 BIpUEMEL [ E 2 E 50 mg, TPGS

x4 BEMEEN (Xts,n=3)
Table 4 Effects of ultrasonic time (X £ S, n=23)

TPGS 5 HD- itz /mm PDIMH ¢ Hfi/mV ﬁﬁ% RiA%/am PDI ¢ Hfr/mV
PC J &L B} 5]/
41 371.73+17.72 0.471£0.077 —26.81+1.29 5 552.87%£57.46 0.211%£0.039 —-21.72+1.74
301 339.024+24.01 0.231%0.028 —25.93+1.78 10 308.51£46.11 0.253£0.041 -28.09%+1.71
21 37421%£37.51 0.351%0.038 —29.16+1.24 15 269.84+41.60 0.146+£0.031 -31.47£1.43
1:1 602.62+55.06 0.274%0.036 —18.25+0.99 20 278.224+45.17 0.153£0.037 -30.40£1.22
1:2 1334.411+147.41 0.8461+0.047 —10.24+1.17 25 313.17£53.14 0.2724+0.040 —26.13+£2.04
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5 HD-PC FIELLHI N 3 11, HAEIIERN 250 W,
FEA 15 min, PIBREL 10 W, 43 5% 84N A 2 )
J£ 73X} HD-PC-NPs [F54m. 4550 W3R 5, Bl
& 772 #T8 in HD-PC-NPs Fif% 5560/ a1k,
Al eI w3 0 148 HD-PC-NPs K AERL &,
MTSERIAEIE R . 2438 )57 & 77345 %] 100 mPa I} PDI
EATS /N 0.2, B — 2 138 5 ) T ki 2 —1k
TR, {HIAF) 140 mPa I PDIEJTAAH K, H.
CHLATAENHE R . mTOL, 335 & 0 kA% PDI A
C RIS IAECR, WE A B R 5K .

2.7.6 FRRENTEE  FEE A E 50 mg,
TPGS 5 HD-PC HIELLHIA 3 1 1, BAEIIZEN 250
W, AN 15 min, 335K 7708 100 mPa, 53 %
SR 45 YKo HD-PC-NPs [ 540  45 5 L 3% 6,
B N34 5 AT {8 HD-PC-NPs $i4e & PDIAE T F%,
{HI R EGS Z ki 4% ). PDI {EA K%, H ¢
FEL A7 £ 561t H AR /NI O o T L33 R R B R AR

F=6 BIBUREEIZNE (Xts,n=3)
Table 6 Effect of homogenization times (X +s,n=3)

BRI E FIf%/mm PDI ¢ AL /mV
6 580.8£57.42  0.348+0.051 —24.71+1.42
8 303.234+47.36  0.277+£0.041 —30.12+1.83
10 258.94436.35 0.1294£0.026 -31.37+1.71
12 2527743577 0.178+£0.029 —33.35+1.70
16 279.714+37.42  0.263£0.031 —27.26+1.29

PDI 1 ¢ HLAZ sk, Huk A+

E:3 A [ES

2.8 Box-Behnken 3N EEMLHEIZTZE

2.8.1 Box-Behnken 46 # 11

7% “2.67 W4,

B, "W TPGS 5 HD-PC H&EL (X)), SRR
71 (X)) RIJFRIREL (X3) % HD-PC-NPs %45

#*5 BIFRENMFEMm (Xts,n=3)

Table 5 Effect of homogenization pressure (X £ s, n=3)

FREGUAER, BFENFE A . L HD-PC-NPs
fFkif2. PDIAEA ¢ BAAIAE A NAR, FKiZ 3 4
FEbr e S VPIH—{E  (overall desirability value,

oD), HHEIIFENOKE (di) PDIH (d) Al H
B (ds) THE A KON (Minax— M) (Mimax— Mimin)s @11
H OD 1, OD=(did2**d0)"*, k NF&Fr%. Box-
Behnken Wi [HVAIRIG W TE LR 7, 43 & A [H
4b77 T2 F I HD-PC-NPs, “F47 3 Ik, G5R L% 7,
282 2 RZIURIABR P KR EES T R
FH Design Expert 8.0.6 34L& H OD HI—ikZ
JEEATREN 0D=0.96+0.11 X;40.037 X,—0.15
X3—2.5X107% X1.X2—0.051 X1.X3—0.046 XoX3—0.42
X2—036 X22—0.27 X3% T ESTERIE 8, R?=
0.984 3, K P<0.0001, %:3I5=0.076 0>0.05.
T A ST AR TR LA A B B MK, LA KT,

FARE TR/, 7T H T HD-PC-NPs 4bJ5 T. 23k

N % /nm PDI ¢ i fir/mv A 519k, X Xy X2y XoP X3P 72 Y 3 it
JiMPa TES 3
50 4241244418 035140036 —29.94+1.56 2.83 WM AT ALS T FEE TPGS 5
70 273.91+37.86 0.13840.029 -31.16+1.08  HD.PC F&EL (X). HEEH (X)) &K
100 253.13+32.09 0.153+0.022 —-33.64+1.95 (X3) 3 ANRZEZ —, L8542 MEZEX OD 1=
140 294.19+39.93 0.198+0.027 -26.72+£151 o iR, 455 W& 2. HD-PC-NPs [ 4 75K
%<7 Box-Behnken RIS IZIHER (n=3)
Table 7 Experiments results of Box-Behnken (n = 3)

In 5 Xi Xo/mPa  X3/{X  Yimm Y»  YimV OD |45 X1 XomPa X3/ Yimm Y» YsmV  OD
1 40(+1) 140(+1) 11(0) 3679 0398 —250 0341| 10 2.5 95 112667 0.127 =302 0913
2 25(0) 140 6(—1) 408.6 0.347 —-282 0479 11 1.0 140 11 523.6 0.442 -234 0.168
3 1.0(=1) 95(0) 6 590.8 0301 -29.4 0241 12 40 S50(-1) 11 586.3 0.356 —-24.5 0.174
4 25 95 11 254.6 0.133 -32.6 0993 13 25 95 11 2579 0.131 -32.8 0.997
5 25 95 11 263.8 0.124 -30.1 0915 14 40 95 6 357.6 0.289 -28.2 0.616
6 25 140 16 (+1) 326.8 0.405 -21.3 0.142) 15 2.5 50 16 4923 0405 -26.4 0.253
7 25 95 11 2492 0.136 —-31.4 0959 16 25 50 6 539.6 0.278 -28.3 0.404
8 4.0 95 16 452.6 0318 —-27.6 0.171| 17 1.0 50 11 604.3 0.459 -25.5 0.000
9 1.0 95 16 4283 0478 -21.1 0.000
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R"8 HENHER
Table 8 Variance analysis results
WERIE BHE P ¥175 Fia P |RZEXRE BHE  FHM ¥175 FfE PE

e 9 2.11 0.23 48.72 <0.000 1| X2 1 0.76 0.76 157.18 <<0.000 1
Xi 1 0.10 0.10 20.74 0.002 6 | X2? 1 055 0.55 114.22 <0.000 1
X2 1 0.01 0.01 2.33 0.171 1| X3? 1 032 0.32 66.17 <0.000 1
X 1 017 0.17 35.85 0.000 5| 5% % 7 0.03 0.03
XXz 1 2.5X107  2.5X107 5.20X1075  0.994 4 | I 3 0.03 0.03 548 0.076 0
Xi1.X3 1 0.01 0.01 2.16 0.184 7| 4%} iR 2 4  6.59X1073 6.59X1073
XoX3 1 8.65X1073 8.65X1073 1.80 0.221 7| & A 16 2.14 2.14

Eo]
=R a
8 o

0.2 57

1

L
o
30

‘\‘
14
;o
X;/ W’\ \\8\

9
Xo/MPa S5~

~ s

2 BERESHNEMN=4E

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

TPGS 5 HD-PC &Lt N 3.24 1 1, ¥ 77 95.29
MPa. 3R ECH 10.29 IR, TN E AL T RLAR |
PDI A1 ¢ AT ZEXHE 53 78 261.84 nm. 0.117 Al
-32.87 mV.
2.9 HD-PC-NPs & 75551

2 fe B SR ] #eAE 1, % TPGS 5 HD-PC A
Bl 3.2, HRES 95 mPa, HIRIRECH 10 K.
FATHI4% 3 4y HD-PC-NPs, 4 A€ HifE. PDI1H
g AL, Rtz [ 22 = (B8 e — bR
E)ABERLTIE J. 25 R I3 9, HD-PC-NPs Fifs,
PDI A § AL A 22 250 /N T~ £5%, 1 B4k
SRR B R ) T A4 R EL B . HD-PC-NPs 1)
FiAt Je ¢ rAL 5 ) WL 3.
2.10 HD-PC-NPs B TEM 734

B2 0.1 mL [¥) HD-PC-NPs VR 2 FE M, FZR
KIEHE 1 2 40 LhEIRERE, TRATEHERM E, 1.5%

®9 LFRMESTUMMERLER (X+s,n=3)

Table 9 Comparison of predicted values and measured

values (X £s,n=3)

GRAEELD PR E BRTIME W% %
FifE/mm 268.62+18.14 261.84 2.59
PDI {4 0.12240.013 0.117 -4.27
¢ HAL/mV -31.79+1.37 -32.87 3.28

/ \
/
1 10 100 1000 10 000
Hi4%/nm
|
N
[
I\
|
[
|I‘ ‘I\.
\
—-150 —-100 =50 0 50 100
¢ HA/mv

&3 HD-PC-NPs BJRIfEH (A) 1 CHAL (B) B
Fig. 3 Particle size distribution (A) and { potential (B) of
HD-PC-NPs

BEES RN, HAA TS E T TEM FHLE HD-
PC-NPs 45t (X 15 0000, Z53 LK 4, Frf§ HD-
PC-NPs KAk R RIRILEIRIE, KT [ TEHE.
2.11 HD-PC-NPs % F#HAR

2111 ETRIPFIFE & &L AN HD-
PC-NPs JR= B Fa et (BT g7 S g 25, Wor i
% %Ry« B HD-PC-NPs 7R 2, TN T LR3
), BERA, T-65 CHRIRVKAE % 24 h,
Wl B T-25 CAGETEITET. Gt
M KifE &I PDUEEAT Y, S50 10, R
5%% 7% H B& B AR T ORI, R Tk SR
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4 HD-PC-NPs #] TEM
Fig. 4 TEM photograph of HD-PC-NPs

K10 FTFRIPFHERAENER (X+s,n=3)

Table 10

protestants (X £ S,n=3)

Effect of types and dose for freeze-drying

TR A SV Rif/mm PDI
Rl — 268.621+18.14 0.12240.011
AT PRAP 79 A 1024.19108.85 0.794£0.118
3% Wka, - 5982745266 0.37410.045
5% K i 491.43£44.60 0.27940.034
1% 4k {EOR 410.74138.08 0.282£0.027
3% H EERE BHOEM, AB—  379.08+30.21 0.26410.033
5%t (EOR 273.61126.43 0.217£0.028
7%t i (EOR 277.04429.16  0.208£0.026
3% A HkE, A— 461.22439.07 0.318£0.031
5% EE N BHOEM, KB~ 389.70+36.28 0.269£0.029

1Y% ek

Wi, tE—, Hkife K PDI AN,
FRH 5% H & B 4Rt B AR R, Mok 2 A
9 HD-PC-NPs [J¥T {3777 (AP ILE 5). 53l
75 HD-PC-NPs - i & #6 J 5 1) o 2 7 20k
(0.77£0.01) %.

2112 HTMfREtE#%% B HD-PC-NPs % T

BTREN 40 C, BEN 65%ERERFA T, 2

392.97£33.67 0.257£0.028

>

BT
5 HD-PC-NPs 5Mj
Fig. 5 Appearance of HD-PC-NPs

Tk R

6 AN H BUE &% T8 28 WK 5% 5 AR R E R
(284.53+24.09) nm, PDI A 0.24340.029. HD-
PC-NPs JRERAEAR R 26 FcE 1 A~ H R LA
EUTEIL S, BT A & 5 T8 J5 mT 4 i HD-PC-
NPs HIFaE P o
2.12 HD-PC-NPs EF#8) XRPD 5%

HORS B2 7 I RL 24 . 25 EVRE CBRASINGE J 41,
H At 4R} L 5] HD-PC-NPs % T8 #HIE &)
(¥ Bz T 54k 5] [7]) HD-PC-NPs ¥ 8D 1 HD-
PC-NPs W&, % “2.57 WU N &40l 4T
XRPD #4i, Z5E WA 6. WEIREY XRPD K
AT T W S BB B JEURLZG7E 8.0°4 10.4° 10.5°,
14.7°1 14.9°, 15.3°. 15.8°ZEAbFIRFAE S 70 . (BLE
HD-PC-NPs "4 T-¥y XRPD [&Ii b pz 15 B4
BRI SEAE e, A IER BN kLY XRPD i, iE
BRRS R B AR EIRTS A T 088, i A S T sE Bt

ﬂﬁb‘ ol
LR AW
*-‘JL 7= [k
0 10 20 30 40 50

20/(°)
6 HD-PC-NPs i XRPD [EiZ
Fig. 6 XRPD spectrum of HD-PC-NPs
213 AMBEER
B S R f H R R 2. HD-PC. HD-PC-NPs
R T IR G Y (25 5 3k} E 4 [7] HD-PC-
NPs T80 B TZ&MK, 725 CTFEY 3d
TN 100 r/min) . B EERE, i 0.45 pm HALE
JEJEIE, Z5R IR 11, B8R R 2GR B DN
(6.32£0.12)pg/mL, HD-PC # H G R E IR = 2 2.48
%, T HD-PC-NPs ¥ HIE MR = 2 77.06 5. M
VIBIR-E VIS AREEAE AT LG H, SR 1
AR, $&m0EEE KT HD-PC-NPs.
FT 1l BEEMNALER (XLs,n=3)
Table 11 Results of solubility test (X £ S, n = 3)

FE VR /(ng-mL™")
P R 17 S5k 245 6.320.12
HD-PC 15.67+0.32
HD-PC-NPs 487.04+3.63
YEIRED) 7.86+0.14
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2.14 HD-PC-NPs K5 NEZHE

P R AP I AR 52 pH ELSZ M A /NS DI AR 7
£ 1.0% SDS KiEWHiE MRy (114.67+£3.18)
ug/mL, ARTEMREEM, BOERAFN 900 mL, K
FER 1.0% SDS /KA E AR 25 5100 HURS e 5
k1245, HD-PC. Y)EREY) (R R 55k} il )
HD-PC-NPs ¥ TF-#1) 1 HD-PC-NPs V& TF-¥#E 5 (A
TSR 20mg), AT HABEZ N 4mL,
HETENSS GEEMEX S FREN 8000~
120000, FLE. WEEEN (37.0£0.5) C, #if
975 v/min, T 0. 0.5. 1.0. 1.5, 2.0, 4.0. 6.0.
8.0. 12.0. 18.0. 24.0. 36.0h Bk 4 mL, FFAMINZ
A5 4 mL. FESRZE 8000 r/min 250 (048N
8.6cm) Smin JGIllE, ZERIE T, B IFEEZ
7E 36 h W RFBUBEHCRIUN 8.12%, AIREH RS 1 5
BHGGK PR R BRI K. 18 HEY)ELR
HEVH I BRRSE RS AR S (9.68%), AT fig Sl
FI AR A 1E F A 5% . HD-PC & A EFURR S
IR R, {H 36 h BIRTEA2REZ). 1l HD-PC-
NPs T#37E 4 h BRBENERIE 90%LL |, BEE
re 1R B R 2 TR SRR

1007 —— R R 2
w0 —— PR
—i— HD-PC
- .
N -PC-NPs %% T
60 —#— HD-PC-NPs % ¥
=
i
% 40
X
20
0 ;
0 8 16 24 32

E7 INAEREIZE (XLs,n=3)

Fig. 7 In vitro release profiles (X £ S, n=23)

2.15 HFAAFEMR

2151 GHFRMERKRE BEER 12h 1 SD
K 18 K, BEHLA Befs K H J5 K} 25 . HD-PC Al HD-
PC-NPs ¥%T#1 3 41, 4l 6 H. KH 0.5% CMC-
Na ZKIERECHIE B, FEI 30 mg/kg (LA B2
HE&Eit). T 0. 025, 0.50. 1.00. 1.50. 2.00+
3.00. 4.00. 6.00. 8.00. 10.00. 12.00 h - HRHE 5 &
fikH 2y 0.3 mL, ZHFRMAFLEFR FERWAE
WHEERN 1.5mg/mL), HF 3500 r/min &0 (B0
%8 8.6cm) 3 min. B L EMFEFHELEH,
RURIRAT o

2.15.2 M IEAE AL BRI i SR RE 5 AR VR 5 ARG
FEEL 100 pL, NN 50 puL PARERFN 1 mL 20,
JE 3 min, T ELHLF 5000 r/min B0 (EOF1R
79 8.6cm) 5min. L EEW BT HEOE Y, 40 C
KB TSR T AN 100 uL ZFEEA, 5000
r/min &0 3 min, B175.

2153 MK MEE S R E IR R
AR IR, MR R EIRE N 1200
ng/mL, {ENNIRIETR. CJEHRECH BT EIRE N
2000 1000, 500. 100. 50. 25ng/mL ¥ Hz %}
PRV, A TREIREEEL 100 L, 43 AN P BRI
W50 uL, JRAIE T 40 CAKBTPERSAZEWRT. T
BRI BN 2 100 uL, JE44% “2.14.27
TR ACHE, 43 M2R0F B SR, EREIE, THERE
B 5N bRIG AR LU . DA B R B IR T (X0 X
WETAR LUAE (YD BEATZRMERNE, 4508 5 RIS 7 #2
Y=0.2219 X+0.101 7, r=0.994 2, JrLlgitiEH
N 25~2000 ng/mL.

2,154 JVESEEEE ¥E “214.27 TUR A mlAk
B = 10111 = et 2 SN P A
PRV AT HE N R FORE B i 0, T Jm MR
BUMEAES T 04 24 44 64 8. 12h HEFE, HESHE
B AN A AR I AR HUAE Y RSD A 9.18%, 1t AR E
PER T, HL 2000 ng/mL (7). 500 ng/mL (H1) Fil
25 ng/mL (fik) I F0} B SR E TR, SESEIE 6 1K,
THE AR B A AR UE T AR ELAE 1 RSD RIKH
6.97%- 7.84%- 9.37%, Vi H WAEHE RIF. ELE
Wi 6d, R 1K, HHEAERRILER RSD K
N 4.49%. 8.07%- 6.14%, 1t B H [A1RE % B R 4T
3 AIEEH] 2000 ng/mL (75D~ 500 ng/mL (1) Fl 25
ng/mL () RS B2 56 I A, 4% “2.14.27 T
NOTEA B E RN E, IF SR TR R UL,
THE R 5 R BoR, PR EN 94.71%, RSD
95.90%, Ut IHHERH B -

2155 #ighai R B E R . HD-PC M
HD-PC-NPs 2H [ i 243 A [R) il 2, 45 SR LI 9.
DAS2.0 AFEMGHIE, R NEK 12, B EH
%M HD-PC J& t1p ZEKE (4.71410.66) h, Coax 1
i (511.70+£105.04) ng/mL, ZAEWFI IR
1.48 fi%. HD-PC-NPs ZHZizh:47 R4 T R4
1, FEAGESHGE R s EIR G )
L RA R EEZER (P<0.01), HA fmx $2
A% (1.04£0.33) h, npEKZE (5.691+0.82) h,
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A
|
| i
B ]
| A
" Wb
C
|‘ B e
0 4 8 12 16 20
t/min

8 ZAMRK (A). MEHZ B) MEXRHF+ZAMRK
(C) 9 HPLC [&
Fig. 8 HPLC of blank plasma (A), plasma sample (B) and

hesperidin + blank plasma (C)
1.6

—— 1 R R 2
] —= HD-PC
12 J HD-PC-NPs

125 E /(ug-mL™)

t/h

&9 Zh-BighZk (X+s,n=6)

Fig. 9 Profiles of plasma concentration-time (X S, n = 6)

Crax TINZE (1 213.964149.88) ng/mL, X} 44
MR A 3.09 £, Hig&@E KT HD-PC, it
i HD-PC-NPs &M WS FH B 25

3 e

FEHI G PC I — MR A AR T FIE 9 RS

i, FTUUR AR R . CREnT g2 T PC 1)
TER, SEma G200, PS8 T AR5 a7, W
RBAK, & T Br2s, HFE B (L DY SR i i e
FERTH 51 lﬁﬁaﬁﬁ&mﬁ fil. PC 244 51 i e
IRHE— %R 111 GG, hffigin s
WG e TE R PC,  LE %% HD-PC I 18 2 1 5%
JREIMIR LIS HIAN 10 1.2, IR A REAR

i 100%.
P R IR 2 MR T K S S R ML . 5K
L SR RAR v B IR v IR S vk A TR R

KRR, (HALA (—23.16+£1.12) mV, 4%}
EAE 30mV, e, aeEiERMEd
T —A R0, AR ORI, KA B kR
R RS A% R NPs B, P 2R AR ik #
(653.04+49.96) nm, Fif3 KNG 2459 N RSO AE
ORI, F4h, 16 R R e MR ZERS, RA
A T BE 1) £ HD-NPs I HIF R A 57 22 18] WLk g

%%EBU(EE’J**W@ AT RERC MRS R F AR E . A
WFFO RS B 1 i 46 % HD-PC SRE R LA IR, AN
J&i 4 HD-PC-NPs 1] 4% 34 5 F Ak

AW 7T L HD-PC F 3 il HD-PC-NPs K {2 A
(268.62+18.14) nm, NHEHEMEZY) NPs kb5 T2
WFITHAE 7 B (9 % . HD-PC-NPs 4b 75 f1 i g &
2 FHEER: OFE HD-PC JEH8 Iz Y%
fif B, N4 HD-PC-NPs B4 5 37t @A 2 —Ff
PSR MER TS M7, AW PR T NPs SRR FE A ft LAy

R12 FEHHFESH (X£s5,n=6)

Table 12 Main pharmacokinetic parameters (X £ S, n = 6)

ZH AL P e H HD-PC HD-PC-NPs
tmax h 2.09+0.37 2.18+0.41 1.04+0.33"#
tin h 4.09+0.52 4.71£0.66" 5.69+0.82%#
Cinax ng'mL™! 408.611+76.18 511.70£105.04" 1213.96+149.88"#
AUCo- ng-h'mL™! 1 744.53£205.61 2591.82£314.07* 5395.72£759.84"#
AUCo-- ng-hmL™ 1803.03+£213.97 2702.36+341.16" 5534.124£793.24"#

55 TR *P<<0.05 **P<<0.01; 5 HD-PC HL#:: #P<<0.01
*P <0.05, P <0.01 vs hesperidin; *P < 0.01 vs HD-PC

J5 TPGS — [AI2 22 e 1E L,
HD-PC $ 1 T8 R A e Jevs b, (H ks

FEEH RO, #R4E Ostwald-Freundlich 772, ¥k
BEXT B AR K, SRR N, HER A
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SURIIEOR, Z9VIRITE MR S BB I K. R X2y
Wi g R S AR 2 ARG . [T T HD-
PC-NPs 55 HD-PC #tt, B A @ MiEmMEL . Bk
ARV H S 0 K B R R L

HD-PC K HAMFI I EE#  & 1.48 £, {H HD-
PC-NPs [ =K (3.09 i5). HD-PC-NPs [f]
tmax T FEVEPEHT, W RE HH T HD-PC-NPs R 1 &
B IRRZE R, AR T 48 B W TE R RSN (8] i
#. HD-PC-NPs [{] Cuuax 3 5 PEIS KR BEAE 17
HD-PC-NPs 15|\ PC £ JE N 1 25 (KB R g
JIFTEL, 5 HD-PC-NPs B K4 = T 259 (1 SR B
HEH K,

HD-PC-NPs AH5%F 1Ak PR ST A 0 P A S 2%
PESE 2 3.09 1, ARG I T AR Y R E
TSGR, B8N 15 1 Fdl $ A ; 46 B A HD-
PC-NPs 1 LLJC € R AAAAE , o5 R 29 WAEAE A,
A AR RS, 9ok 258) 5 B miE R e
B, A TR ECH BRI, B B AR B
i iE AR e M 2, Bt T HD-PC-NPs i [ & 771
AIRESEIN T 259 RS E PE09); HD-PC-NPs 477 H1 )
PRI AN TPGS 45 A% B AT (L k25 W i 4
JN2300, eI P 5% HD-PC-NPs i AR
#E, PFAf HD-PC-NPs ¥R T3 (ARG RE Pk, 4REERT 2452
PR AASEHATHITT, 9 BCE 9K AT ST
RISETE AT AT SRR AR
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