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Abstract: Objective To prepare ellagic acid nanosuspensions (EA-NPs) and study pharmacokinetics characteristics in SD rats.
Methods EA-NPs were prepared by high pressure homogenization method. Based on single factor experiments, ratio of stabilizer
to drug, homogenization pressure and homogenization frequency were used as influencing factors, average particles size and
polydispersion index (PDI) were employed as evaluation indexes, the formulation of EA-NPs was optimized by Box-Behnken
design-response surface method. EA-NPs was characterized by transmission electron microscopy (TEM) and X-ray powder
diffraction (XRPD). Dialysis bag method was employed to investigate the drug release in vitro. SD rats in each group were
administered intragastrically with ellagic acid suspension, physical mixture (the proportion of excipients were consistent with
EA-NPs) and EA-NPs group, respectively. Ellagic acid concentration in plasma was analyzed by HPLC and the main
pharmacokinetic parameters were calculated. Results The optimal preparation of EA-NPs: phospholipids-PVP K30 (2:3) was
employed as stabilizer, the ratio of stabilizer to drug was 4: 1, preparation temperature was 25°C, homogenization pressure was 73

MPa and homogenization frequencies was 11 times. The shape of EA-NPs was spherical or elliptical. Particle size distributed
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between 70 nm and 400 nm. Average particle size, PDI and  potential of EA-NPs were (148.16 £ 7.61) nm, 0.089 + 0.014 and
(—29.64 + 1.82) mV, respectively. Ellagic acid existed in an amorphous state in EA-NPs, and the cumulative dissolution of drug was
96.24% in 6 h. The t12 of EA-NPs was prolonged to (3.17 £ 0.64) h, Cmax was increased to (1 172.04 £ 182.51) ng/mL and the oral

bioavailability was enhanced to 5.61 times. Conclusion EA-NPs could enhance cumulative dissolution of EA in vitro and improve

oral bioavailability in vivo.

Key words: ellagic acid; nanosuspensions; Box-Behnken design-response surface method; characterization; dissolution;

pharmacokinetics; high pressure homogenization method; oral bioavailability
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99.2%, bLFIRAH AR AR BRIERR E R 2,
L5 20190428, BiE 3 HON 97%, WIALSLFAL TH
BRAF: KEBEAE, L5 201208, 400 B2y
RHEEBR AR HMPC E50, iS5 20211015, 1LI%
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T BT B S50 TEAE AP K2 B T A M O R B
A RIS S B e, YA 3R .
2 FEEHER
2.1 EA-NPs A&

K P 7B A v TR 34 v il % EA-NPs.
FREL 50 mg HIEEAEIR JFURLZ, M 5 mL Tk 41,
75 2 min fH A € B RARE R E] 50 mL
KSR, E—TRETN, MW (5%
A 1000 r/min), FROKAR. K S A LR LB
IR IR KA R, e 5 R e 28 R A ML
WAl fE—@ RS NEHEER, FHAMnZEEK
RJFARIR, 2 0.45 pm FSLIERIEE, BIfS EA-NPs
TR AW
22 B EENE
2.2.1 EA-NPs R I BCH]  HL 1 mL () EA-
NPs B T 50 mL &+, & FEEE S EE, )
H 20 min J5ES . BUGHE 0.45 um FSLIEEE R,
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KN ECER 2 mL BT 10 mL &, Wbtz
2%, #R5IR178 EA-NPs s f A

222 SOFREAVARIGECH] RSB FRE 10 mg BRAERR
XTRE S, BT 10 mL S, N — 2 R i
AR, AL, RIS 1.0 mg/mL FIEAERR
X RE S AR, B

223 kM A WondaSil Cis £ (250
mmX4.6 mm, 5um); AN 30 C; mshHNH
F-0.1% FH B KA (40 60); AR K 254 nm;
AR 1.0 mL/min;  FIR R EEZ AR IE T
AMET 85000 HUZS FIFEMIETR (5 RIS, b
Bil[7] EA-NPs) . #F IR b i A v vt
FE, BRI 1, A WAzt R L B s,
A THAE IR & B E

A

o 4 T s TR T e
t/min
1 ZERF (A BIERYR&E (B) 7 EA-NPs Hdm
(C) HY HPLC [&
Fig. IHPLC spectrum of blank (A), EA reference substance
(B) and EA-NPs (C)

224 BMERFRFEH  BUFAERR S IEREE,
TSN A R R 22 T B B O 10.00 5,00+ 1.00-
0.50. 0.10. 0.05 pg/mL. 7£ “2.2.3” T | il 24
NEEFEE, DABRIERRIE TSR (Y, e
PR T B B R AR bR (X BEAT RISk ikl e
JFE Y=23.155 9 X—0.759 2, r=0.999 6, 45 RF%E
HHSEAERRAE 0.05~10.00 pg/mL £t % R B i
225 MEERRE B, F. K (10.00. 1.00.
0.05 ug/mL) 3 /N5t BV FE A BRAL R 0 HE IR, 1%
“2.2.37 TR BB SRR T SR 6 IR ME 25
RER, & . ARFRKRE AR & RSD
AN 0.21%. 0.73%- 0.50%, 45 FF P BEHE %

& R4
2.2.6 FEthilse B SIER, 2alT 0. 2.
4, 8. 12, 24h %M “2.2.37 TR il s 3EFE,
MAFALFRIE AL RSD 4 1.56%, KW EA-NPs [
R VA TRAE 24 h B E T R AT
227 EEMRE % 2217 TR A AT
% 6 1y EA-NPs i, #% “2.2.37 T F i
AN AR W R BN, SRR R IR T
) RSD N 1.72%, K7k EE MR AT,
2.2.8  INFEEIACRIRIE  HUHGRAAR 9 1y, B
$179°0.5 mL, 43 AINNERAE IR N B Aig 2 (&
WP 100 pg/mL) 3. 5. 7mL, Hl& AR ISR
1 “2.2.37 WA A N AR E AR IR & BT
s, iR ER, BERNIC. T mary
HkEEICE Sy 100.72%, RSD F¥MEN 1.17%, *
W B A3 A i
2.3 EA-NPs fif%. PDI 5 ¢ EBAIAUNE

HUid & EA-NPs VR 2 0GR, FHZR KR 1
10 LulfeRe, JREIE TR LI E EA-NPs
[P Eki4E . PDI K ¢ HAZ .
24 HERIE
2401 FROEFIFRSEMIHE  E ex AR AT 0
ik, [EEZYIHE 50 mg, RS 259 2
N4, IR 35 C, ¥IF)E S 70 MPa, ¥
WEL10 K, 43 A% %8R PVP K30, HMPC E50.
WEAE-PVP K30 (1 : 1) fE NI % EA-NPs (1)
SPEJRIAE. PDIL ¢ HAAZHISZM, 25K 1. Hh
LA HMPC E50 A2 sE I,  Frifil £ 1 EA-NPs (1)1
BIRife J PDI 38K, ¢ HALLaRHERR /N, Bk LA
WG ke 5 77N 145 EA-NPs [ PDI # ok, ~Fik:
BH TR, Bl PVP K30 i EFInt, SRt
R, {2 PDI/NF 0.3, 1K BEE S PVP K30 BXH
Ja (HEE 1 D) FERiE K PDI ¥/, H (H
R A8 HE B K, WO FRR P I FH AR i) %% EA-NPs

F1 BREFNMENEE (Xts,n=3)
Table 1 Effects of stabilizer types (X xS, n=3)

TR SRR Fif%/mm PDI ¢ FAL/mV
il 279.154+13.21 0.302+0.017 —19.74+1.58
PVP K30 356.27422.67 0.256+0.025 —21.43+1.79
HMPC E50  613.86+68.04 0.479+0.037 —15.93+1.06

W E-PVP K30 258.94+17.62 0.1841+0.015 —27.26+1.94
(1D
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2.4.2 JREFEFIBEAR/PVP K30 LIk
E YA 50 mg, FER S HEGI N4 1,
Hil &R 35 C, LS 70 MPa, ¥JFIREL 10
W 43 A5 58 IR A R B AR /PVP K30 ELizl 435
301,302 131,223, 1138 % EA-NPs [
¥Iki4e. PDL. C HAAZHREm, 255 W3R 2. fikn]
&1, FE#E PVP K30 A= LB, EA-NPs [f°F
Bikitt i PDIH B2 Jaii/ N e K%, H A4
WA TG 2 57 o SR 575 18 EA-NPs [P 33Ki4E |
PDIME K ¢ AN, e 2R BRI A Fa e Wk i /PVP K30
&R 2 3 fE % EA-NPs £ 5E 7«
F2 FTAEFIERE/PVP K30 LLAIRISE (X£s,n=3)

Table 2 Effects of phospholipids to PVP K30 ratio (X £ s,
n=3)

244 HIRIEEZREIE  [EDEAYIHE 50 mg, FR
ER SR RSN 4 11, F2E FIBEIR/PVP K30
Ll 2 2 3D, 5% 77 70 MPa, 3504 10 K,
IR RN 15, 25, 35, 45, 55 CHIXt
EA-NPs [ #4%i4% . PDI Al ¢ HA7 52, 25 500
x4, BEESRISRER TS, f#&H EA-NPs -1
BIRiA2FN PDI ¥ 238 &%, nT B2 i TR ARk &,
YNARL 8] AH ELAIEAE O R A b J LR, 1T
XA kLA AN PDLAA P2 A2 520 o (T 15 “CH25 °C
ZAF F %% [ EA-NPs [f°F- 20 bi 42 R PDI Z A K,
HiRERN 25 CHE ¢ AT E A Bom, |
il & R, WOk HCH IR N 25 C.

F4 FIEEREHOPM (X+s,n=3)
Table 4 Effect of preparation temperature (X £ S, n=3)

IR/ C PR /am PDI ¢ A /mV
15 187.08+11.27 0.1694+0.012 —28.3641.99
25 193.34+14.62 0.153+0.017 —31.40+2.06
35 258.544+18.17 0.1854+0.015 —24.91+1.43
45 354.19420.08 0.25940.020 —27.2241.70
55 431.81+31.65 0.387+0.026 —25.74+1.67

55 PVP . X
TR /mm PDI ¢ HAL/mV
K30 thf
3:1 272.61£14.08 0.2671+0.031 —26.94+1.67
3:2 249.84416.11 0.25140.028 —28.43+1.69
1:1 263.14£13.94 0.1931+0.024 —27.31+1.44
2:3 2523721598 0.17410.027 —26.08+1.58
1:3 312.08£17.17 0.291£0.021 —27.44%1.39

243 FREMSZAYAHELGIMIGEE  Ee 4w
Fl & 50 mg, FEFIBENE/PVP K30 (LBl 2 1 3),
HlZURE 35 C, LS 70 MPa, ¥JFIREL 10
R, FEERER S A ELE SR8 3 1.
4:1.5:1.6: 15, % EA-NPs {042, PDI
Jo ¢ LRI, S5 RN 3. HEEAHEANL
i, FERRZE, 53 EA-NPs ‘P42 F1 PDI 18
BIECR, H ¢ HRALEEIR. bEE fRE R E g,
EA-NPs {1°F#ki4% K PDI {8 34 5 500608 5 18 K
e, ATRESE H T AR e R R 2 P E RGO R R
M, Mk, HaomAs), S8 PDIE
Whne WS E RS 25 FH B LU X EA-NPs 5211
BOR, a8 EiE— .

#3 RENSHYPASLLHINREE (Xts,n=3)
Table 3 Effects ofstabilizer to drugratio (X £ s, n =3)

245 ¥REIRIGEE  EEAYHE S0 mg, 2
EF GBI 4 11, BRI IE/PVP K30
CHeflsh 2 0 3), wile R 25 °C, BIBREL 10 K,
Iy BB F R S8 400 704 100, 130 MPa I %}
EA-NPs [ F#5ki42 . PDI K ¢ HEALIRIEEN, 455 1,
* 5. BEEVIREIRIZHEIE N EA-NPs {725k
&A1 PDI ¥ Ak N3G KBS, R 23 &
Jrid m AR R SUR BT, BRRY EA-NPs 765
B ArRe R — e e AR, 9Kk 1A B A fS
BoREME. BE, Wifisgm 1 FEkifE & PDI
8. (B¥J5 JE AL/, EA-NPs BI°F-¥%i 42 F1 PDI
ARG AR, H. ¢ B X AR A, R 2.
R, K 715 EA-NPs &% ANMEFREIE K, &
S EH DA

2.4.6 ¥RETREE  EEAYHE 50 mg, f2

*=5 HIREIMEME (Xts,n=3)

ER S %Y Table 5 Effect of homogenization pressure (X £ S, n=3)
o S EpRiAE/mm PDI ¢ HA/mV — ‘

F &= el PR E F1/MPa P21 ki42/nm PDI ¢ MLz /mV
301 378.67123.10 0.349£0.033 —19.38+1.46 40 313.53+23.15 0.3824+0.034 —21.39+1.59
4.1 249.18+18.63 0.187%£0.019 —28.17+£1.91 70 175.42+15.07 0.168+£0.013 —28.17£1.26
501 272.08+15.24 0.24140.015 —25.43+£1.82 100 197.924+16.28 0.191£0.019 —25.08+2.01
6.1 345.624+17.91 0.318%£0.022 —29.5442.07 130 267.17+20.19 0.253+0.015 —27.64+£1.93




* 3984

FED 20226F7H $53% B138  Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 13

EF SR ELBIA 4 11, FRERIBEE/PVP K30
CHefi Ay 2 2 3D, &R E 25 °C, ¥J5E /7 70 MPa,
Iy FRIREON 5. 104 15, 20 B X} EA-NPs
[ FHkifE. PDI K ¢ HAALIEEmT, 25K 6.
I 238 038 B ECE BT EA-NPs [T 2k 48 K&
PDI 5/, EFIKEOES] 15 IR, ~PERiE K&
PDI A A G K, X ATAEE BT AE 1 5 T2
EA-NPs Z [AlfA SRR nT W Eud >
St K& Xt EA-NPs PRA M, Je sk f ik —
Al

6 BIFREHIEM (Xts,n=3)
Table 6 Effect of homogenization times (X £ s, n =3)

¥R HrfE/mm PDI ¢ B A7/mV
5 231.884+26.14 0204021 —25.36+2.14
10 169.64+20.06 0.161£0.17 —29.61+1.96
15 221.18+18.25 0.189£0.19 —26.27+1.56
20 354.94428.07 0.241+£0.23 —28.84%1.80

2.5 Box-Behnken N EEMUAEIZETE

2.5.1 Box-Behnken 41t X NPs Kiff, kit
KNST LSRRI B 253005 52 sk, J3F
HHAEESRAR GRS ARSItk
& EA-NPs HIFHRif%2 (Y) 1 PDIH (Y2) BN
PN FEAR . HRYE EA-NPs (R RRI0 S5, KI
RerlS el (XD, BFRED () AR
RE (X3) X EA-NPs (135K 42 F0 PDI A 52 M4
K, BUERNFEZMHA R, HSHRRRKF R
T % R R 4k SRR AL IR LR 7. #%H8 Box-
Behnken R HIVEZS ISR 7 %8, J3 il £ AN 6]
W77 T2 N EA-NPs JRER, HidFkif2F PDI
B, ZRNEKT.

252 IRZJRIABIR RS R R EE ST A
F Box-Behnken (x4 Design Expert V8.0.6)
P17 A s g Rt AT IA, HRERARE YR 2 K
ZIGEAAEN V1=152.72+6.80 X;+14.82 X,+
11.86 X3—2.96 X\X,—2.72 X,.X;—1.81 XoX3+5.87
X12413.56 X22+14.69 X32, R?=0.994 5, fifil p<
0.000 1; Y>=0.110+0.019 X;+0.028 X>+0.023 X3+
2.813X1073 X1X>+4.938X 1073 X1X3+2.5X1073
XoX3+0.011 X240.11 X2240.20 X32, R?=0.993 5,
B P<<0.000 1o M 2 P& 801 P AEFD R2 1T LA
Eih, @B RAREEEAKY, PEER
i, WERRZEDN, RPE>0.05, ULERANN =

# 7 Box-Behnken it I&i%iT4ER
Table 7 Experiments results of Box-Behnken

RIS X Xo/MPa  X3/Ik Yi/nm Y2
1 30(1) 700) I15(+1) 2106 0.172
2 450)  70(00) 10(0) 1506 0.093
3 30(-1) 100(+1) 10(0) 2203 0.19
4 30(-1) 40(-1) 10(0) 2309 0216
5 450)  70(0) 10(0) 1472  0.082
6 45(0) 100(+1) 15(+1) 2102  0.173
7 45(0)  40(-1) 15(+1) 2507 0.144
8  450) 700) 10(0) 1409 0.091
9 30(-1) 70(0)  5(-1) 2359 0297
10 450)  40(-1) 5(1) 2931 0272
11 450) 100(+1) 5(-1) 2815 0.6l
12 60(+1) 70(0)  5(-1) 2674 0218
13 450)  70(0) 10(0) 1444  0.091
14 60(+1) 70(0) 15(+1) 1986 0.172
15 60(+1) 100(+1) 10(0) 1927 0.164
16 45(0)  70(0) 10(0) 1463 0.094
17 60(+1) 40(-1) 10(0) 2506 0.139

T ZEEA T, B a] AZ B EA-NPs [1)4b
7 LTI . J7 2 Rk 8, Xt
T Y BEERUE X Xy o XX XX XoXs. X2,
X2 X2 2 R E B E T, 0T Yo BRI X
Xov X3v XiXay XiXss XoXs. Xi20 X2 Xi2 R EE
D ATE T
2,53 WARIE AT AT 53 e AR 7
Sy sl (XD BFREN (). BRI
(X)) WRHRZEZ—, LA 2 NMEFERAE (YD
J PDIAH (Yo W)=4ehimEl, g8 0E 2, wri
PSR 2R X EA-NPs PEMM4EARsZ BN B %, 30
K H Box-Behnken Z W [HIVEAL AL EA-NPs 4bJ7 1.2
(1) B

W B RAR R /ME N 50 nm, % KAE Y 300 nm,
PDI #/ME 7 0.05, & KfEHN 0.3, 152] EA-NPs [1)
BT R ET S 2N 4.06 & 1, B E
72.76 MPa. ¥JFRIRECN 11.21 Ik, 7EREA R
¥t K PDIAE I TRINIAE 73790 4 142.71 nm H10.082.
e RSP O, AR R R S 2 L A
N4, BIFES 73 MPa, BB 11 1K,
2.6 SAFHIIE

R4 EA-NPs s fE4b 77 T2 474 % 3 43 EA-
NPs, 23l F¥kife & PDIAE, F:43 75
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Table 8 Variance analysis for ¥1 and Y2
GH d ~
S5 %75 F18 PfA ~EI7H ¥177 F1fH PfH

it 9 40642.00 451578 139.45 <0.0001  0.073 8.116 X107  118.96 <0.000 1
Xi 1 379.27 379.27 11.71 0.0111 2.869X1073  2.869X1073 42.06 0.000 3
X2 1 1 803.02 1 803.02 55.68 0.000 1 6.583X1073  6.583X107 96.49  <<0.000 1
X3 1 1154.37 1154.37 35.65 0.000 6 4275X1073  4.275X1073 62.66 <<0.000 1
XiX2 1 559.32 559.32 17.27 0.004 3 5.062X10*  5.062X10* 7.42 0.029 6
XX 1 473.06 473.06 14.61 0.006 5 1.560X1073  1.560X1073 22.87 0.002 0
X2X3 1 208.80 208.80 6.45 0.038 7 4.000X10%  4.000X10* 5.86 0.046 0
Xi? 1 232477 2324.77 71.79  <<0.000 1 8.679X1073  8.679X1073 12721  <0.0001
X? 1 12390.70  12390.70  382.64 <<0.000 1 7.840X1073  7.840X1073 11492  <0.0001
X3? 1 14531.66 14531.66 448.76  <<0.000 1 0.026 0.026 386.65 <<0.000 1
s &) 7 226.67 32.38 4776 X10%  6.822X107°

AT 3 175.48 58.49 4.57 0.0881 3.868X10*  1.289X10* 5.68 0.063 3
ANtk 22 4 51.19 12.80 9.080X107  2270X1073

¥l 16 40 868.68 0.074

260 . T e T

PDI

12.5

T

X/MPa 55— 35 Xi

& 2

X 75 38

BEESNEN=4E

125~ -
X3/iR 75 55 X,/MPa

= ,,,,,,,,,,,,, ,,85 >
o G 65

_—53 125 ~=
Xi

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

EREAT AL, TR [ 2 = (R R T — SR
)RR TE 1. 45 R 9, MFF EA-NPs )
Bk (148.16+7.61) nm (n=3), Kif&25rA5 I
& 3; “F¥ PDIME ) 0.089£0.014 (n=3), SLbrfd

®9 EIMESEETUNENLR (X£s,n=3)
Table 9 Comparison of predicted values and measured
values (Xt S,n=3)

AR AL hifE/mm PDI {8
DMUNE] 148.16+7.61 0.086+0.014
RS T 142.71 0.082
WZ/% -3.82 —4.88

5 R TR TR AR R 22 359/ F 5%, Ui B R
Box-Behnken MW [y f6 EA-NPs 4bJ7 L 2K K
A RIFRT T EBME . P IS EA-NPs fefEAb
77BN (—29.64+1.82) mV (n=3), {
ALK 4.

1 10 100

Hi4E/mm
3 EA-NPs B2 53 &l
Fig. 3 Particle size distribution of EA-NPs

1000 10 000
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I
A

-150 =50 50 150
¢ Mz /mv

4 EA-NPs B9 ¢ BT
Fig. 4 ¢ potential of EA-NPs

2.7 EA-NPs BAENMERFSUE

271 FAEMNE FEEI S mL #4841 EA-
NPs JREM, AR FAT B3GR T,
BRTFH iR (Mo [FRTR A 50 mL HEE,
A 10 min SRR, 2 0.45 um AL IERE L
JE, FEEEI SmL BT 100 mL BT, HatEE
2, BREIE LR S R (M), H5 EA-NPs %
e (HE=M/M). ERER, 3 it EA-NPs
SFEIEZE N (2053+11.17) %.

272 JEAWES HL 0.1 mL ¥ EA-NPs 1B EAE
o, FZEIEKARIR 1 : 30 LBIRRRE, VR4S e
W _E, SR LS%BHSRRANEET e t, BT, I8
R 4K, BT TEM W& EA-NPs 4
A, &RWE 5. B8 EA-NPs Kk 2BRILEER
T, Ki¥Z A TCHE .

sk % T
B PR

E5 EA-NPs & TEM [
Fig.5 TEM photographs of EA-NPs

2.8 EA-NPS HT#BIHIE

HUEA-NPs R 235> Bt 47, &3 3 mL,
AN—EEIGETRF (AL, H @RS E
REYD, WA, BT-45 CEBIREKEF 2d. &
HET-30 CAGTENHZET 1d, BIfS EA-NPs
VR o CLR K0 DV B S SR I 18] 34T VA
% AE AR K HER GRS R WL 10,
1 EA-NPs TR AN MRS B, B 70bE-H
FhE (ERIRAY) HERN 6% B ¥ A &
B, Wk EN EA-NPs VA T{#977). EA-NPs

FEFRIERANLE 6. BUE R EA-NPs T8,
MK B E RN (173.93410.17) nm (n=3),
CHALA (—26.69+11.71) mV (n=3).

F10 EFRIPFAMEZAENER =3)
Table 10
protestants (n = 3)

Effect of types and dose for freeze-drying

R ORAP BN I &= B30
i FLWE CHEERY  FLME-HEERE - SN [R]/
% %  CERIRBYD /% s
1 4 BE5 ] 60~75
26 b5 75~85
38 JONT >120
4 4 BIRME 40~45
5 6 ONT 60~70
6 8 N 85~95
7 4 BWIRME 35~40
8 JONT 45~50
9 8 JONT 70~80

6 EA-NPs BEREFTHINN
Fig. 6 Appearance of EA-NPs suspension and lyophilized

powder

2.9 EA-NPs EF#HREAR

KA X By AR LRATH (XRPD) #E47 #4244y
Mo i BUFALIR R R 25 =S Ak (B +PVP
K30). YHNRAY) GRACRRIFERZ) + 25 [k,
BilFf5#) 1 EA-NPs R TR s, BT
e, B R R PR, SR 2R, BT
XRPD F#HATHH. %1 B 40kv, HHE,
PG R 30~45°, AN 8°/min. LR ILK 7, ¥
TR IFURL 25 25 IRES, 52 (kA IR & 5 1)
Al SR SEAEERAE 9.8°. 12.1°, 17.3°. 27.6°Z5 4L
FT9 . MI7E EA-NPs TR AR A T 8 2125
HORHOAT 0, B EEAERRTE EA-NPs 5 T-HAEAE
RAERAET AR, ARSI E B .
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EA-NPs /%8y

WIS T W T

Lo,
2 R

BRAEIR I R 25

0 10 20 30 40 50
200()

7 XRPD %R
Fig. 7 Results of XRPD

2.10 IMERRAREINES

K ENT L AT H SR . BRI kL 2
EA-NPs T i (CUAERR THS B398 20 mg),
IINZS R0 b BB, 43 i i N TS AT AT
48rp (BB 415 B 8000~12 0000 H, Fuml
%, HFEE TR R B WA FN 1000 mL 1.0%
SDS /K&, NN (37.0+0.5) C, #idA
100 r/min, 43%)F 0. 0.5, 1.0, 1.5, 2.0, 3.0. 4.0,
6.0~ 8.0, 12.0. 18.0~ 36.0 h HUFf 2 mL, [E4ME
SRR ABRAN . A 045 pm FLFLIE
JEGERE, HPLC MEBRAER i il i, THE & HURE
R RRBECRT, SRR dh 2, WKl 8. BE
TEIR )R Z57E 36 h N BFRE RN 36.43%, 1]
A A T A R SR 24 B R, /K P i S S IR
SEZEYVE IR 1) EA-NPs 4 TH7E 6 h 2R
P =iIA 96.24%, FEAR G4, Ui LR
il EA-NPs BE2 252 = 2907 Hh s 26 [ SR AR
2, YRR AR RE 35w A
2.11 AABHERR
2111 BT REAFEMRE HUSD KR 18 A, B

100 - 5 3 § — 7
80
< ~+— EA-NPs
560 BAEm
b=
.ﬂ_
£ 4 -
= _ _J
Bk oz .
20 -
0 T T T T
0 8 16 24 32

t/h
8 EA-NPs MERTEBREVIFINGIREHRZ: (X £5,n=3)
Fig. 8 In vitro release profiles of EA-NPs and EA (X s,
n=3)

Lo O AE IR . W HIR &40 EA-NPs 41,
He H, BZERIENE 12 h, HEWK. FH 0.5%
CMC-Na Aiifil] ig FIFEdh, %40 SD KR ig FIEIIA
80 mg/kg (AEIEIR & &E1T) . MALRAMY B A
MIALLE 25 557 HILE 04 0.167. 0.25. 0.5, 1. 1.5, 2.
2.5\ 3. 5. 8 h AIRHE/E#fikEIM 0.2~03 mL, &
JFEALR B L R . EA-NPs 44380 10, 12 h B
Ao MR RE Y2 3000 t/min 550> 2 min (7 IEVA I
M5O, W EEMKE RS AR OEY, BEEKES
=

2,112 IMFFESACEE MRS T =R R,
EFEL 100 L, I 1 mL A AR CREE-2 86 1 ¢
1), #lE 5 min, 6000 r/min &0 (&.0¥4% 9.6 cm)
5 min, JUIEHE A BEEEEA VAR, KA 40 C
RSB, 355 . N 100 pL FEEE %,
4L 6000 r/min B0 (BO0F4% 9.6 cm) 3 min, i
HPLC 5% .

2.11.3 MRS L R B R R B SR
FH I 10946 P4 800 ng/miL {9 241 X R W A

VER ARSI - K FH BB R SR BN 1500

1000 500 100 50. 20 ng/mL [{J#F1EER N R &
W, BRI 100 pL, FFIA 50 pL
NARETR, KA 40CHIRSEERT, F5RE, 7
A 100 pL 2= FH 2K, #% “2.11.27 T F A3
KFEfh. % “2237 WUNEIE&M, HRshmHiE
BN FEE-0.1% FF IRV (38 & 62), HAhZ& A,
HEREIE MLIRRE &, C SRR S AR IR TR

DUERAERR A P BRI T AR L (YD XHERAE R IR Ik T
(X0 FATEIERDE, 15 MRbrdE 2772 Y=0.191 8
X+0.114 2, r=0.993 5, KIHEFILERE 20~1500
ng/mL ZEPER R RIT.

2114 JiikEEE SIS (B
TERRIRB L 25 8 h) RIS RR + 25 (2K (K
JEN 20 ng/mL), %0& “2.11.27 TN Jjikhbs,
FE, 5RIE 9, MK NIRRT CER I
KEEME, LEMm.

B By % (1500, 500, 20 ng/mL) 3 AN
IR MR R A, TR 1 d SRR 6 IR,
e BAETR 5 W ARIETIAR,, P93 ELAEL ) RSD MK ICH
4.56%- 3.89%- 6.27%, Vil H WK EE KU
RIWGE 1R, HELEME 6d, MEHACTR S N ARG
R, P LUAEL R RSD AR IKCA 7.15%- 5.35%~ 6.18%,
VLB H IR R A BUA 2 e AR ok 2545 245
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t/min
9 ZRMR (A). MEHFR B) MEFLR+-=AMEK
(C) B HPLC A
Fig. 9 HPLC of blank plasma (A), plasma sample (B), and
ellagic acid + blank plasma (B)

1 h RFES, 25 CREFRES T 0. 1. 24 4.
8. 12, 24 h FAENE, WEACRR S N FRIETA,
Wi ELAE ) RSD N 6.92%, FEJIMAEFEMAE 24 h
WREM R, A, SalfcH &, . K
(1500 500. 20 ng/mL) 3 N5 IR B HIFE S AT
2 “2.11.27 WURNELMIRFE S, SRR E, FE5 L
PR ot B BEREAT LU, PR IR . S5 R, .

I 3 N EIREE T ERTEER 1 R ER 4 0 N
(95.16+0.79)%-(92.71+0.93)%+(93.29+0.77)%,
RSD fHARHN 3.14% 4.62%- 3.97%, PilHiZ% )5k
ENE R 5g=nN

211.5 ZEhesiR BUEIRIFELZ) . EA-NPs ¥k
TR i XV EIR A V) (2 5 4R A [ EA-NPs
HTRD BMREES, $I8 “2.11.27 BUT AR5
BRI E, 2 i 2R FE - ) R 28, 455 LK 10,
DAS 2.0 B A EHE, EEIESHIE 1.
AT A, SRR IR 21 tmaxs f1on Cmaxs AUCo—
SN (1.14£0.29) hy (2.16+£0.42) h. (337.16+
67.28) ng/mL 1 (693.02+92.45) ng-h/mL, #)#E
RGN Coax A R ENEAR, FTRERFHEE —E W)
{EH&LIM’EHQFEEIQ 1M EA-NPs éﬂﬂg tmax~ 112~ Crmax~
AUCo-, SR )R 25 sl BB & VAH LL 3 B
WREMZERE (P<0.01), tm F2ATE (0.5610.18)
h, fp EKZE (3.1710.64) h, HHXHAYIF TR
A 5.6l 5. MIIRAYREA —EREERS, B

BENESR.
1.6
. —— R
T —=— YIEIREY
g —=— EA-NPs
2 08
2
i‘%‘ 04 -

10 Z4-Bfphk (X+s,n=6)

Fig. 10 Profiles of plasma concentration-time (X £ S, n = 6)

F11l EEHHFSH (XLs,n=06)
Table 11 Main pharmacokinetic parameters (X £ S, n =6)

ZH L¥ivs AR YIEIREY) EA-NPs
fmax h 1.1440.29 1.014+0.32 0.56+0.18™#
tin h 2.1640.42 2294046 3.1740.64%
Crnax ng'mL~! 337.16+67.28 424.89+78.16" 1172.04+182.51*##
AUCo- ng-h-mL™! 693.02+92.45 842.81+104.71 3 889.43 +697.05*##
AUCo-- ng-h-mL™! 731.84+112.37 893.07+112.23 4149.23 +787.16"#

AR "P<0.05 TP<0.01; SYHIBAYILE: #P<0.01
"P<0.05 "P<0.01vs EA;"P<0.05 *P<0.01 vs physical mixture

3 Wig
BRLAE TR E & . EA-NPs, H4 T2,
BRhSD, #2513 (20.53+1.17) %. Fids

FIXTEAE . PVP K30. HMPC E50 &84T 7 %8¢,
FINER R HMPC ES50 4 5E 75 1 4% () EA-NPs
Hrkife M PDIfEYECK, XA HESE K HMPC ES0
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ANREREE HU BT 4Kkl R 1H, TR At L 0B
ZRIBH s AT HERE R, T 53 EA-NPs % 5
KR . KB AR A PVP K30 BEA1E A i
BB, XATREE TR E N — Rt
FMmyEPER], WA REER TR ST, AT IR
/NKIAE) EA-NPs, 1M H 5 T W AE QK TR B IR
I, $Rft—EEmR AT, Mgk 2 a1
LA 0T A R T 4R e R4S . PVP K30 AHX 4
TIRERCK, @K E RN RGE M, iR
EA-NPs $#24it 7 BRI 1y, RIEFEFIER.
T ®EfE5 PVP K30 A 35F e E A FILEEA R, [H
T 5 3 BCH 5 A R T8 B /R AR B E 1)
EA-NPs.

i T EA-NPs Jagiaxit— Dl s Bk T8, i
Box-Behnken R HNELALHI] £ T 2N A ¢ AL
HNRALTERR, LLBDHiE EA-NPs s AL 75 1T
Pt EA-NPs BEEH T AR FHEMEERE, A
R ORI 7 5 AT BRI TR S T+ RS R o L 25 44 1
SO o [ T (R K73 1) 75 23 2 81 O BE B ASAFAE
YRR Z UK I IMER s @FH e AR
B, AN, ok, SR, FLFERH RN
AR TR TR TR R B . X AT REE R 9L
PEAERER LR, RS2 —FIe Y, vk
SRS IE R, (HRME RSP WAE . H R
KB PERE SRR, BRI AN, EH R
i 25 S R B RGN 1o TR 7 3 B i T sk
AR A EAN, 15K EA-NPs TR0, =
WRIE RN (173.93+10.17) nm, E VKA 45~
50 s,

BEAGTR ) 10 Ik 45 25 57 & — R AE 30 ~ 200
mg/kg™- 1071 AT SR AERR I IR A E N 80
mg/kg. RN ZENE RN, EA-NPs [ fmax 055
PESRAT, WAEEH T EA-NPs itk 7B 2%, it

SR TN LT T, AR 1 R W A= R
J5£ 35 0 3 v T AR R S R A, R AT B DA
TN OGRS, g R ERDN,
KIMAIER, BT 5 B e, T8
T2 BB S 119200 YK 2 A 245 55 M i 2 B 1
SRR, FECEA-NPs [t 2B, G0 T i B B IR,
(AR 7 25 OBEIEIRIE EA-NPs %8
NI ERIYFI2, H NPs ¥58 1 299005 55
PEOSL, A5 F T 25 ;s @EA-NPs 4k 77 R fig23-24)
J PVP K304 & B — @ MR IR IPE R . BHTA

WHFLTERL T EA-NPs fill 7157 & DR 2530 2004y, 4%
TORFGIRGEIATIER 25205 25805 BB SAPP Y
SEWEIT, N EA-NPs SRy e it 7e ekl N
BRACIR B I O R R E MBS %

H 8ok RITAAEH ) B ARG EA R R
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