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Preparation and characterization of phloretin-mPEG-PLA nanomicelles and
oral pharmacokinetic study
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Abstract: Objective  To optimize the formulation of phloretin mPEG-PLA nanomicelles (Phl@mPEG-PLA/NM). Oral
pharmacokinetic behavior in vivo was also studied. Methods Phl@mPEG-PLA/NM were prepared by thin film dispersion-probe
ultrasonic method. Single factor experiments combined with Box-Behnken response surface design method was used to gain optimal
prescriptions. Transmission electron microscope (TEM) was employed to observe its appearance. Release behavior of nanomicelles in
vitro was investigated by dialysis method. SD rats in each group were administered intragastrically with phloretin suspension and
Phl@mPEG-PLA/NM, respectively. Concentration of phloretin in plasma was analyzed by HPLC and the main pharmacokinetic
parameters were calculated. Results Optimal formulation of Phl@mPEG-PLA/NM: mPEG-PLA amounts were 105 mg, hydration
volume was 9.5 mL and hydration temperature was 40 ‘C. Envelopment efficiency, drug loading, settlement rate, particle size and Zeta
potential were (88.52 + 1.86)%, (8.84 £0.32)%, (8.04 + 0.23)%, (85.07 £ 6.12) nm and (—23.56 £ 1.49) mV, respectively. The prepared
nanomicelles were spherical. f12 of Phl@mPEG-PLA/NM was increased to (4.60 = 0.84) h, Cmax was enhanced to (1 284.56 + 307.65)
ng/mL and oral relative bioavailability was increased to 3.34-fold. Conclusion Phl@mPEG-PLA/NM promoted oral absorption of
phloretin effectively.
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RERET SEHMAEY), FEFAETHE
B PR SN, EREEEYT . RERA
BIHERTG . PUE G PUEL. RPHE RS
PUANIKHFERE AL PUPH S5 24 BRI R0, FEAbt T4
AR 2 B R ZVA RN 26.51 pg/mLB,
FasE PEZECL AR B 8.68%5°0, Ak, 42
Fe AR B 2 AR R R R AR B BRI A R M s R B
g PRSI B R B A kAT THEAL, (H
BENRE R EROR, GOEENEZE; MERED
PR Rz 2 1] £ AN oK 25 4 T o A, (R R PSR 22
Hl% T EER,

YR SR EH A S 1 SR S B AATE 7K T A
() — b A%-70 " TR R 46, biAas— T 100
nm, HAHAER. DiMBEREmEmHE, XK
2 W -R A [ methoxy poly(ethylene glycol)-
poly(lactic acid), mPEG-PLA | EE&YIM EHERE C
LR, ISR, H 45 B PEG Skl PLA
SRS H R PSR R S AR, B RIFIIRR
BIEPERE, AT 2% I B R N A2,
HARN TN BfR, AEZS R3], I SR A
AR 7.71 mg/LU4, ARG S RE S A A 7K AH PR B
X IR EE R RIREER AR mT 42 27 B i
(ke e MRS, fRBEEE . BN AR B A R = 24
RAEO-10021 0 RHF5E LA mPEG-PLA AR # 4] 4%
M K % mPEG-PLA 4°K/RH (phloretin mPEG-PLA
nanomicelles, Phl@mPEG-PLA/NM), B[k & %8¢ 45
4 Box-Behnken #iH-RUMN HVEAL AL 7 1225, IF
BEATRAE . DR RIBEBAST I, ¥E Phl@
mPEG-PLA/NM FRETENZAT N, MR 28 A
FITFRIRMES 2 Hids M AL B
1 EEHH
1.1 Y88

Agilent 1200 B & R0BAH (354X, 26 E 2 e A
Al; FA1104 BT R°F, iRV E R A
FRAF]; HI-4D R AE R N L A seds, 10
B IR T KEAXZS T FL s Zetasizer Nono ZS-90
RURLEEN E AN, SE[E Ty /RS ] JY92-IN B A
YRR AL, TR Z AR R A IR A A
JEM-2100 iZ5 LT BBt (TEMD, HARFHA
24t RT61212 B HAL, HINTH BRI &R
FRAF]; HTM-BX BUEARIROKAE, b L2 3EmL
WA ARAT: TGl16 G mid B 0L, i
I DX A R A ] ; FD-1D-80 B FL 25 VA4 T4

ML, YL RANERA PR AR UGC-12MF ZYZ0RAY,
e RS R AR A .
1.2 #8

MR RIS, bS5 202008101, i &40 #
98.3%, HUARIFEAEAE MR RAF] s MR 2= 5k
74, #it'5 PT20200218, JfiE5r4L 97.0%, ik
EMFARER AT B FE-FHAR (mPEGsooo-
PLA00), #t5 20210325, | JHER/K R A FRA 75
HUZEKAS, LT 529684, FiErEL 99.2%, Kl
S AR AR AR T h AR ER Y (SDS)D,
fIt5 20191120, WWARMIUL THR A7) HERE,
fit5 20210525, FetESIEREA TR AF] .

1.3 =

SD K BT Fa 44 s s oty , VAT IE R
SCXK-2016-0001, J&i&Z, BN (220+20) g.
TRLAIE A PN R 2 28— B g = Bt A R S B B ) BRI
FAMIHEE, ¥ITFE 3R SR
2 FAEEHR
2.1 Phl@mPEG-PLA/NM K&l 116]

V5 23 - TR Sk B 75 V4 %% Phl@mPEG-PLA/
NM. [EEMREERZE 10 mg A2, BT &K
mPEG-PLA & TREERH, IIAE & LR A3
filte T 45 CKMNREE T RIS e 2805 % Ol
R Z YIRS, BT 45 CHETEREMAT IR,
PABR A MU I\ IE B2 K KA — 2 i ],
A (TN 200W), KHFLEN 0.22 um HIFHLFL
JEEVERL, HIfS Phl@mPEG-PLA/NM. A 5%i%
TR CALPBE-H#ERE 101, st —30 CHidk
2d )5, BET-25 CHTHLH 2d, BUH ISR TH o
22 IREZZENE
221 i Symmetry-Cig 4 (150 mm X
4.6 mm, 5 pm); YishAH R H BE-0.1% R /K 7
(50 :50); FEIEA 30 C; HEFARFN 10 ul; W%
K4 280 nm; A EA 1.0 mL/min.

222 EMEXRFRFEHE RAHEEACH] 0.5 mg/mL 1)
MR 2R i 2 T BOERE, SR F -0, 1% R 7K I
(50 : 50) FBEZE 10.00. 5.00. 1.00. 0.25. 0.10.
0.05 ug/mL, FFEHT. DR RIEMmAR (V) XJH
JREWRE (O ZYERIH, 13EA77FE Y=42618
X436 459, r=0.999 8, ZEFKIHIIL HKAE 0.05~
10 pg/mL £ 5C 2R R 4F

223 A m AR B Phl@mPEG-PLA/
NM JBE 1 mL & 10 mL &=iffHF, MA&EEH I
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#E 6min, MEZREREES, B4, WS5mL &
100 mL &4, HEE-0.1%BE 8 KER (50 50
SEA, ISR IE TR

224 LEMEEE I mPEG-PLA 254k 4% R
“2.17 WTIESI A ERE A, TR €2.2.37 TJT V]
FA AR, 5 BUR B 2 0 BRI
Phl@mPEG-PLA/NM i 5 i g B o dr, (i 1]
DB 1, 25 SRR ARl AR AR 2 (i 0 e A T
RSB LA B 2 AT 75000

A
R
B
MR
C
0 4 8 12 16

t/min
1 =AM A, REEMES (B) 1 Phl@mPEG-
PLA/NM ¥ &% (C) B HPLC
Fig. 1 HPLC spectrum of blank excipients (A), phloretin
reference substance (B) and Phl@mPEG-PLA/NM sample
solution (C)

2.2.5 FESEERL HL0.05. 1.00. 10.00 pg/mL (¥
R R ZUT IR, IESENE 6 IR, TR LR
W TRIAR () RSD 735N 0.63%- 0.19%. 0.24%, 455%
FEAN NG 2 R o

2.2.6 FaEtEiRE  E Phl@mPEG-PLA/NM fiHs
T BTS04 3. 64 94 120 24h HERE
W5, THEAFH R T AR RSD N 0.92%, 4553
TR VAR 24 h W E T R I

227 EEMWIRE B Phl@mPEG-PLA/NM,
“22.3” WTETATHI% 6 RSy, B
S, THHEAFIRE R R4 RSD N 1.30%, 453
KWz EE MR

2.2.8 FEREIFEIKLE 4 0.5 mLPhl@
mPEG-PLA/NM JB&7%, 3£ 91y, BT 10mL &l
L, N3 A (IR, . mBEIREAD, Sl
JREIREA 0.5 mg/mL HIAR B 5 AT 0.5,

1.0, 1.5mL, Hla&alydl. % “2.2.17 itk
FAFHEFENE , THEMR R INFE R, 4R R,
R R &R I~ B m A |l i # ) 101.06%, RSD ¥
1.50%, 45 SRR WA S0 HEAf B2 5 e
2.3 BHE, HASRIMPEEANE 68

B2 0.5 mL [¥] Phl@mPEG-PLA/NM JR2W, %
“2.27 TN 7RI E B A AR R (m )
A HL Phl@mPEG-PLA/NM 0.5 mL & T #5004
AR ARX 27 520 30000 51, 12 000 r/min 550
(042 8.6 cm) 8 min, HPLC I 5 #8 & AN
R RTFEZNE (m o) BERZ RN A GHT
e, FREE (mw). HHARRMBLAER.

@%]Lﬁ:(m wzE M )M gz

R =(m wue—m wu)m s

DU F R A ROR F A E PEDS), SR IR 2
BhRZ— o BOHTHI 2 IR IR (M 5) B TIREN
4 CUkKF 2d, BUEET 8000 r/min B0 (BS.0F
1% 8.6 cm) 10 min 73 BT HI 2454, HUES O BCK H 0.22
um FRITLIEREE, JEERERE (Mo, 1HHE
LY

VIR =(M 5— M2 a)/M 5
24 PERECRAE. ZOEUEER (polydispersity
index, PDD) F0 ¢ BEALNE

H{ Phl@mPEG-PLA/NM i& &, I Zifk /K i fe
40 fi5, RHIRA, B THOCKACH I E HRifE, PDI
fEAI ¢ HBAME
2.5 Phl@mPEG-PLA/NM #|& L Z8REEMR
2.5.1 mPEG-PLA HEH% [EERKEHEN
10 mg, KALIRFE N 40 C, KHHAEF N 9 mL, /K
AEIFIE DY 2 h, BRI 10 min 856 4FAEE, 7
H% % mPEG-PLA H &%} Phl@mPEG-PLA/NM £1
BE, BRABEMUTRERMEW. &RNER 1, BE
# 1 mPEG-PLA F23X Phi@mPEG-PLA/NM B3,
HAEMTERNFE (X£s,n=3)
Table 1 Effects of mPEG-PLA amounts on Phl@mPEG-
PLA/NM encapsulation efficiency, drug loading and

sedimentation rate (X £ S, n =3)

mPEG-PLA fl&/mg B3%/% HAE% ITFEE%
50 64.28+1.02 10.1240.29 20.51+0.31
80 71554192 8.16+0.18 14.69+0.32
100 82.731+1.64 7.24+021 8.41+0.23
120 83.24%1.11 6.11+023 7.83+0.18
150 83.094+1.86 5.1940.19 7.06+0.15
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mPEG-PLA H&E M, G W m, HEk
F) 100 mg JEHEFER, AR REA AL
AURES, keI BN FEEGE . RIRH
UIRER RN EaY, SR nada & A B
THE R PURB R A e S, ] DLk A B =5 gl oK
IR AEEI K, 58754 mPEG-PLA F &4k &k 47
etk

252 KWHEREKESRE BEWRERHERN 10
mg, mPEG-PLA &} 100 mg, /KILIRE N 40 C,
AKALES A 2 h, BRI 10 min 56,
# 8KALARANT Phl@mPEG-PLA/NM L 26 % 24
HMPIERRREm .. S5RWER 2, MEKOEIRE
Hahn, BB ELL NG TR TR KN
EFELINS, mPEG-PLA #EHE RIEEEA Z, H
RIS R, B SE I AVIRES, HA&Sm 14K
2o IKAWARRRI RIS, &R 258 mT ENOKHH, 55—
J7 1, mPEG-PLA WREEFFE, s2m 1 #RIH25e
J1021, PrbEZR SN RGO, Ui B KA AR T fie
WA M= — e s . WS SR T X KA AR AR 3
it

%2 KX Phl@mPEG-PLA/NM 1%, #Z58M
PEERMENM (X+s,n=3)

Table 2 Effects of hydration volume on Phl@mPEG-PLA/

NM encapsulation efficiency, drug loading and

sedimentation rate (XS, n=23)

KUWAEB/mL  BEHF% HHEE% TR %
3 62.69+1.17 5524020 32.03+0.33
6 73514098 6.48+0.18 13.314+0.26
9 82.14+126 7274024  8.58+0.17
12 79.69+1.43 694+0.16 10.96%0.22
15 74.63+£1.02 6.68+£0.13 1524%0.24
253 KMIRFEREL BEWRERHEN 10

mg, mPEG-PLA F &N 100 mg, /KAEF Ny 9mL,
AL TE A 2 h, AR 10 min 56,
%52 KAL IR X Phl@mPEG-PLA/NM %5 #:24
EAYIERMFE . S5 RIE 3. BEKLEER
Ther, AR B MR 2 IR N, Ui
&Y EKAIREFR T mPEG-PLA G158 Z59), (HiR
JEILF] 50 CHadR, WARITE TR, w5
T i m R R mPEG-PLA A25€ 1, 352 m 4
WY, WATREX O AR AR A E R . K
TR E X TR FR AT BORFE M, WUR 22756 KAL iR
JE R EEHEAT AL

£ 3 KKEEX Phi@mPEG-PLA/NM G, $HEM
TBERERFIE (X+s,n=3)

Table 3 Effects of hydration temperature on Phl@mPEG-
PLA/NM encapsulation efficiency, drug loading and
sedimentation rate (X £ S, n =3)

KWIRE/C  BEFE% WE%  TUEE%
30 66.70+1.82 591+£023 13.624+0.38
35 73.65+1.57 636+£026 10.861+0.25
40 82.631+1.41 7.20%0.31 9.03+0.24
45 85.19£1.29 7.461+0.29 8.78+0.33
50 80.161.01 6.94+023 17.83%0.28
60 68.231+0.93 6.20£0.18 20.124+0.17

254 JKAGIE] [ ERR B 2 &N 10 mg, mPEG-
PLA HE4 100 mg, /KAAEFN 9 mL, /KAGIEEE
45 °C, FARIAN 10 min 444 A2, 5K
AL 1E)%F Phl@mPEG-PLA/NM i3 2 4% 24 8 F1iT
BRI . S5 W3R 4. FEE KL R] (K38 0,
YA R I o ZE AN 24 BB 0, B I 2 3
Bn7KALIS A% mPEG-PLA 40,3 254077 A AR AR 50
{HZKALEFAIA S 4 h B e ol R Je a2 s
PRFE, DiBEZ EFb. ATREH TR AR
SEARZR, K A ZKARIRT [R] AT 6 %of AR AR A A FH o
BT 7KAGEEA 3 h i, ROREE R, B2y AT
R B AR G HRAR, k.

=4 JKILEFEIXT Phi@mPEG-PLA/NM B3, $HHEM
TBEERRNE (X+s,n=3)

Table 4 Effects of hydration time on Phl@mPEG- PLA/NM
encapsulation efficiency, drug loading and sedimentation
rate (Xt s,n=3)

AKAERTEIR BEER% WA/ Y% TR /%
1 73.62+171  6.64+020 15.97+0.45
2 84.83+139 7524027  8.99+0.28
3 86.72+1.07 7.81+036  8.57+0.21
4 8224+1.63 726+025 13.87+0.28
5 73914095 6.99+024  18.14+0.32

255 HEANEKEL BEEWRERHAERN 10
mg, mPEG-PLA H &N 100 mg, /KAAEF N 9mL,
KALISTA] 3 h, KAGIRBEN 45 CREFAMAAL, FHE
A I 1A) % Phl@mPEG-PLA/NM A5 | 4 24 8- Al
DUBR R, HgE B (£ 5) mlkn, KT
) ] RERBA AR IR R S5 44, e 75 B[R] 12 min B,
AR 55 AN bR A X AR
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x5 HBEEX Phl@mPEG-PLA/NM 85K, A8 # 6 Box-Behnken Wit-J M EEMMLF TEHIHI®

BEZEMFNE (X+5,n=3) HE5%R m=3)

Table 5 Effects of ultrasonic time on Phl@mPEG-PLA/NM Table 6 Experiments design and results of Box-behnken
encapsulation efficiency, drug loading and sedimentation design-response surface method to optimize formulation
rate (X £s,n=3) process (n =3)

AN /mn  BEE%  WAE%  VIREE% J¥5 Ximg XomL Xi/C Y% Y% Y3/% OD fH

5 6897+1.72 6.23%£0.19  9.96+0.32 1 80(-1) 12(+1) 30(-1) 56.98 6.11 18.36 0.000

8 80.56+1.53 7.32%£0.23 10.63+0.36 2 100(0) 6(-1) 50(+1) 73.87 6.62 2132 0.222

10 86.22+0.98 7.761£0.31 8.46+0.23 3 120(+1) 9(0) 40(0) 80.17 6.13 10.69 0.576

12 89.58+1.40 7.90%0.33 8.02+0.17 4 120 9 50 77.68 5.81 17.21 0.354

15 84.55+147 7.61£024 11.38+0.26 5 100 9 40 88.94 8.19 7.89 0.994

18 72.861+0.93 6.56%£0.16 16.40+0.18 6 100 12 40 87.86 7.96 825 0.949
2.6 Box-Behnken it MBI EA AL TE R B TR TR el
261 WIBEF RAGEE, RgEmyEE s 0 O 0 0 8760 218 000
M PhI@MPEG-PLANM 405 T2sitfrpige, 00 e T B
H e AEAR Yy M Y. ARYE “2.57 TR 0 100 s 40 89'12 8'18 7'72 0'998
R E R, mPEG-PLA A1 (X)) /KALAAR (X)) b 80 o 0 66:28 7:33 16:87 0:418
AIKACIRIE (X3) XFi% 3 MEAREEIIEOR, R4 5100 o 40 8893 792 806 0953
PR 32 25 2 48 A 7 55 SR R /K -F LK 6.

%jzgiﬁiggifﬁiiﬁﬁﬂéﬁi3/l\iltﬁﬁi 14 120 12 30 71.46 5.18 13.62 0.000
ST T MR, 4512 3 Ak — Ak, 15 120 12 40 81.67 6.31 12.87 0.568
IR0 BB EUEIEIH—{E Coverall desirability, o 19 ° 0 csa el DAl 008

17 100 9 30 61.48 5.49 18.05 0.101

OD). HHFEMBLENITE AN dux=Mi—
Mmin)/(Mmax - Mmin) H iﬁ IS% $ i+ ﬁ /A ﬁ y‘j dmin = % 7 H%ﬁ'}*ﬁ' (OD 1E)

(Mona— M)/ (M — Manin) N M RSB, Mo Table 7 Analysis of variance (OD values)

Bl M S BRSO MERUO A iRy RH TR HEE B R Pl

RFREEN doax LUTERN dom [N OD= R 2.17 9 0.4 112.30 <0.000 1
(dldz"'dk)l/k; k?\ﬁé‘ﬁiiﬁ, Eﬂ?%%?ﬁﬁtgﬁﬁ/‘] oD 1#, Xi 0.03 I 0.03 13.28 0.008 2
%%Jﬁl% 6. X 6.68X 1073 1 6.68X1073 3.12 0.1208
2.6.2 FERR. BEMRE LS FIF Design 0 0.04 I 004 1714 0.0044
Expert V8.0.6 ZLF/}_\'ﬁ:XTji% 6 El%&ﬁlﬁﬁ%ﬁ:lﬁlﬂﬂﬁlé, XXz 9.33X1073 1 933X1073 436 0.0753
4 OD Ji#il OD=0970-+0.060 X;+0.029 X,+ X% 003 b 003 14.620.0065
0.068 X3 —0.048 XiXo+0.088 XiX;—0.087 XoXz— 0 00 Lo 1446 0.0067
0.290 X2—0.130 X2—0.580 X2, R2=0.993 1, Ry?= " 0-36 b 036 168.90 <0.000 1
09843, BEMMALRNE T, B P aAAR & 07 Lo0o7 3433 0.0006
BT, SR 0060 7005, r kR X 1.44 1 144 672.21 <0.000 1
MEACE, B, AR R AT Tokge. o 002 700

FESERER, X X Xilou HoXo, Xi2, 001 300 53400697
X2 A X2 BT B S, 4 B RS WA OD £y fgﬁ z'?ZXW : 2-?:X1°’3

3D Wi LA 2, Phl@mPEG-PLA/NM fefd: Ak
77 A mPEG-PLA Fl &4 104.09 mg . /K{L AR N 921 27 TEWIE

mL. KALEFE 4021 °C, FMAEEZFN 90.16%, FETF#AE, K Phl@mPEG-PLA/NM 4t J7 1 %
AT 9.04%, VIFEFEN 7.79%. N mPEG-PLA HI &N 105 mg. /KALAFA 9.5 mL.
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IRERRIRARRS
% B
CIAILALAR
%7

QLT ALLIALIAIAL
a Zetrf 00y 200 00,4
o 002005000

< =
105 —— 110
Xo/mL %//90 Xi/mg X/C 35

90 X\/mg

2 BEE (X1, X5, Xs) 5MN{E (OD) H=4E
Fig. 2 Three-dimensional plot of independent factors (X1, X2, X3) and response values (OD)

KAGHREE 40 C o “PATHI 4 3 HEPURER HEHT, 4b
WUULE 3, HR R 2 R 25 TR B T WA 254
KL PUsE, HYUKER 2HLE AR E O, HE
AHRZER, TR Wi e % TR
RIS 2, A 2E = (FUNME — 92 brid )/ i
WME, 258 NER 8. FFaAs AR 23/ T £5%,
1t ] Box-Behnken ¥ it-2 N A LA Phl@mPEG-
PLA/NM 4b 75 I B BIUELT RS A8 o A A

TR BN T¥RE N (85.0746.12) nm,

PDI ¥ 0.06540.008, #ife546 WK 4; P ¢ HA7
N (=23.56+1.49) mV, ¢ HALAE 5.

R FRER  AKIRR /R i
&3 Phl@mPEG-PLA/NM 43
Fig. 3 Appearance of PHL-mPEG-PLA nanomicelles
R8 TUNEFEFRMERLER (X£s,n=3)
Table 8 Comparison of predictive and actual value (X S,
n=3)

izt SR Y% TRIAE /%% M2 /%
(RS 88.52+1.86 90.16 1.82
ES RN 8.8440.32 9.04 221
DIER 8.0440.23 7.79 -3.21
1 10 100 1000
i /mm

4 Phl@mPEG-PLA/NM HHi2 53
Fig. 4 Distribution diagram of particle size Phl@mPEG-
PLA/NM

-100 0 100
¢ HLA/mv

5 Phl@mPEG-PLA/NM &Y { B{i
Fig. 5 Diagram of  potential of Phl@mPEG-PLA/NM

2.8 TEM W&

KA 4tk K¥E Phl@mPEG-PLA/NM V& 27 s
40 £, FBHIRS), WACERH RN L, 1.5%75
B, B ERET, BT TEM FWEH 4
i, SR ILE 6. AL, YUKEHCONERERTY, TLRNE
WA

6 ZNKERAY TEM [E (X 14 000)
Fig. 6 TEM picture of nanomicelles (x 14 000)

29 OB RERE

AR e 28 SRR ZG AR et B, NN TG K SRR
BUE R (R RFEN 10 mg) AN ARZT
JRZE 4 mL, %M. BU&E Phl@mPEG-PLA/NM ¥
FHERE (FRERTEN 8 mg), MEARAN
% 4mL il &R B . 5B T EiT R,
PRI S E TSN (3711 C. BN 1000
mL ] 1.5%(#) SDS 7KW H, T3~ 75 r/min %
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4R LRt 25150, T 0.50. 0.75+ 1.00+ 1.50. 2.00.
4.00. 6.00. 12.00. 18.00. 24.00. 48.00. 72.00h HX
FE, BUREEARMINS B2 53508 3mL. A 0.22
um MR FEMDEMR = A, SR WK 7. iR
FAE 4h HARGE4, {2 Phl@mPEG-PLA/NM %
A RERI R ISR F AL, E 6. 120 24, 72h
1) BRURBE R 43 N 27.03% 42.95% 63.17%-
82.76%. YK AAEIMELERIUALERINZEK 9,
MRHEF = A% R2 HWT, Phl@mPEG-PLA/NM {447k
B2 5 Higuchi BEAIAFEE femr, G HE
N M/M.=0.113 1240.034.

100
80 -
&
M 604
=
.“_
éz 40 -
Bk —— fE
20 - —a— Phl@mPEG-PLA/NM
0 . . 1 : ' :
0 18 36 54 72

t/h
B 7 IRSNEREhZ (X£s,n=06)

Fig. 7 Release profiles in vitro (X £ S, n = 6)

x99 HUBRMIREFBEXRY

Table 9 Fitting release model and coefficient

Y METTHE R

FEHEE M/M-=0.014 t+0.194 0.868 2
—ARA In(1 —MJ/M2)=-0.029 t—0.181 0.967 1
Higuchi #i% M/M»=0.113 1'24-0.034 0.9830

Weibull #% InIn[1/(1 —M/M)]=0.676 1Inr—2.163 0.973 3
M, MLABIRE ¢ Rlooli 1) BAVRICR, MUM.J ¢ ] LR
B, 1 Jgf Il

M, and M, were accumulative drug-release at time ¢ and oo,

respectively, M,/M., is accumulative release rate at time ¢, ¢ is time

210 FETFHREMER

El Phl@mPEG-PLA/NM T4 & THEIEEIE
FrP GREE 30 C, B 65%), T 0. 15, 30, 45,
60+ 90 d HUFEI e 2 e Ll %, Wifd Ui,
ZER LR 10, ETHAE 90 d WEERFRIEEA
PEREAE, B
2.11 ATFEHR
2111 iRt s s B2 @R SD KRR O
HEFEE D, 73 AR R IFE K2 F Phl@mPEG-PLA/
NM 2 4, HHEPKHEZEE 12h, 1% 60 mg/kg 777

Fz10 BREMERE (Xts,n=3)
Table 10 Study of stability (Xt s,n=3)

RSl d % RiA/nm VL%
0 87.04£1.13  88.15£7.62 8.05+0.16

15 88.36£1.76  89.04%6.55  7.94+0.13

30 87.09+£1.21  88.27£7.08 8.13+0.14

45 86.72+£1.34  90.37£6.12  8.10+0.19

60 86.43+£0.96 91.58+7.44 8224023

90 86.06+1.59 93.16+6.87 8.29+0.17

BT ig 4525, 4r5TF 100 150 30 min & 1.0, 1.5,
2.0, 3.0, 4.0, 6.0. 8.0. 12.0 h THRHE 5% ik MEL
M%) 250 pL, ZBEOEH HRFRED, RHIR,
3500 r/min &0 (E0F4F 8.6 cm) 4 min, U LE
RE I, BWIRIRAT .
2,112 I3 FE S A AEFEDO 5 R R R R O 3 RE
b FEEIE 100 L B HEOEH, 1A 50 pL
Hiy ZE KA I FRVAW (1000 ng/mL) . 100 uL FEEFI 1
mL B8R 2. B8, RJiE 5 min J5i#8R 30 s, 8000 r/min
B GEO0F4E 8.6cm) Smin. HUETERT 40 C
KPR SEBWRT, I 100 pL FEE ¥ 5 8000
r/min B> 5 min, B EIERIE .
2113  VERMECH A B PE R RFELE R A H T
HIH E A 1000 ng/mL {3 ZE KA X IR SIA TR 1E R
WA FH RO R N 1.6 pg/mL HIAR
Fe IR IR, JFRRBER 1600, 800+ 400, 100
50, 25ng/mL, Z3%EL 200 uL, 40 CKIBHRLE
P& IRT, B 200 uL 75 A M2, R HE 5 min J5
30s. % “2.11.27 WUJTEALEE, RIASAR B2 R 0t
R (B AR, DURR R 25 5 Hb SERAA I T AR B
RPARR (), BEIRBCAREAAE (0, 1FEIHTT
£ y=0.014 6 x+0.500 6, r=0.995 8, &iFK IR
Fe R EEMEIE RN 25~1600 ng/mL.
2114 JiEFESE WA AME. MR R
KR FRIE A 400 ng/mL) FILIERE SR R
B RIFRLZ ig 4525 40 o illidee, R IE S, il
VIR AT AR B 20 ZE KA 1) € i 0,
LR

HL 25, 400. 1600 ng/mL FFIAR B 2 I3 5% IR A
W A1 d WEESEINE 6 IR, THRASRE R 5
FEKMNE TR LLAE A RSD 23514 6.17%- 5.02%-
3.90%, SRKHH AR RL: T 6d Nl
AT, T EAS AR B 2 5 M 28 KA e T AR LA 1
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A
PR
B R &
2F 7
c
R
0 4 8 12 16

t/min
8 ZFHMRE (A). M¥EFFR (B) MIMRMRREFR (C)
# HPLC
Fig. 8 HPLC of blank plasma (A), plasma sample (B),

plasma reference solution (C)

RSD 75110 8.23%- 4.73%-. 5.45%, 45 %KM H (A
5 B R

BUMLSEAE TR TT 04 24 4. 8. 12, 24h #kFE
MR, TR R 5 e K P I TR EL B ) RSD
9 7.91%, 25 RRFEN R I,

B 25, 400, 1600 ng/mL (fi&. 1. &5 BIWKE)D
(AR Rz 2% IR BRI, AN EIR YY) 3 1
HBERENR fy 25 5 M RN W T AR UAE, 5 ALK
X RE bR o 2R T AR B R IR S &, RS bR
TEIE, THEAS 3 MR ERE TP RS
94.16%, RSD A 8.82%, 1 WA SZ56 AR B 45 i
2.11.5 Zyshipsi iR 2g-m b gk W 9, i 25k FE %L
5 F DAS 2.0 # AR SRR B3 T 00,
BHE PSR NER 11, SRERERZRSHRM
BB toaxs tos Cnaxs AUCo- 25255225
AR, Phl@mPEG-PLA/NM 325558 kA
B2k (P<<0.05. 0.01). Phl@mPEG-PLA/NM ¥
TR EM tmax TG E (2.0410.42) h, H 6 BhnE
(4.601+0.84)h. H Couax 3G I0 % 2.82 %, 1 H] mPEG-
PLA ZK AR AR ARARBE 1R He 22 RIS, AT

1.6
—— MR R R

~ 124 —4&— Phl@mPEG-PLA/NM
oL

=

&n

£

=

B

e

=

t/h
E9 #-Bfghsk (X+s,n=6)

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

=11 FEAHESH (X£s,n=6)
Table 11 Main pharmacokinetic parameters (X S, n =06)

ZH E<E A W RKIFEZS  Phl@mPEG-PLA/NM
timax h 1.534+0.34 2.04+0.42°
tn h 2.7940.46 4.60+0.84"
Cmax  ngmL™'  45570+£82.64  1284.56+307.65"

AUCo-+ nghmL™ 1305.19+364.23 4357.04+673.37"
AUCo-» ng-hmL™ 1393.84+392.18 4421.89+723.58™

SRERFERZ R "P<0.05 "P<0.01
*P<0.05 P <0.01 vs phloretin drug substance

PR AE DRI FE#R = 22 3.34 1.
3 g

mPEG-PLA {E WS R 7 7 A0RE, 7EKAHH
(AR FEE AR I T AR B 5 PT T R e o, T 3
VDT ARRE . ¥ HH EE R AR A RED0200, i)
J7 V2= a1 B A 7T 4R E ) Phl@mPEG-PLA/NM 675
R R MEEMER, b THRIRE, e T EER
BEEIEH RA R

YR IR AR FH (6 £ 7B VR R T
SIRUESE, (I B0 SRR I L R A 2
BRER22, AT B T R O AT 25
HEAm G e, KLY SRS
Y s B B4 A L T U RO 7Y, A 51
FERIE TG INATEFERR BANIER, nResm G
YIRPRI AR e 1, T HLAR AT REAF R T 7k B i)
Phl@mPEG-PLA/NM 44N 245 2 A — & I Ry
M X ATRERR TR R T A s IR MR A
REWBMAEER 20, TR T EMER ) (s
&) 2231, fEZ MR B N AR Y B R 24 /1 T BE
VALY ONGIE®

— R TR A A R TRAR, R
YR T ET R AR ST
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Phl@mPEG-PLA/NM (] tmax IEfG 2 (2.0410.42)
h, AfEEHT Phl@mPEG-PLA/NM kif2%/N, %
GiW T B i A7 TN LI B2, S MR R AR
PRIA R BELA 1F FH AR AT BERT tmax P2 A2 o PRI
Wty 19 2BIZEK, BEEIEGIN T 25904 44 N 1) 1T 245
WK, FETiRE AR HE.

Phl@mPEG-PLA/NM {17 171 iR AH % 2E 90 K] FH 5
PermE 3.34 i, WREZH TR E R BEEHE mPEG-
PLA R NG 29K R B S, ART5
JrTE SRR R e, BT T 25 gk
Jie AT G N 25 P R i VBB i 25200 2 RiAR 1
FINR B, BT MR R3S S B i e o 4
fil27-28]; mPEG-PLA K fIf¥] mPEG #2245 nl i 40 AR
N R G AR 020, B IR RIS |], I e 44 4
AR R IR AE R BE . AR T SE R T
Phl@mPEG-PLA/NM il 4 T2 & 1 ik 24 3l 5% vF
W, KRR 24305 ARCFRATIR, N
P ISR AL 5y 58 BRI 78 BTk

RBAR AR FERNTAEF RS R

SE R
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