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Abstract: Objective To prepare phloretin phospholipid complex (PHL-PC) and explore its formation mechanism to improve the
transdermal permeability of phloretin and increase its bioavailability. Methods The drug-lipid ratio, drug concentration and
reaction temperature were selected as the factors of the Box-Behnken design-response surface method in the preparation of PHL-PC
by solvent volatilization, and the best process was optimized with the compound rate as the index. Scanning electron microscopy
(SEM), differential scanning calorimetry (DSC), X-ray diffraction (XRD), infrared spectroscopy (FT-IR) methods were used to
analyze the formation mechanism of the complex, and to investigate its solubility, transdermal permeability and in vivo
pharmacokinetic properties Results The optimum preparation technology of PHL-PC was as follows: ethanol was used as
compound solvent, the concentration of PHL was 1.7 mg/mL, the mass ratio of phospholipid to phloretin was 1.6:1, and the reaction
temperature was 56 ‘Cand the recombination rate was (94.30 +1.13)%. SEM, DSC, XRD and FT-IR structural characterization
showed that the formation of phospholipid complex was due to the weak intermolecular force between the phloretin molecule and the
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polar end of the phospholipid, and the phloretin was dispersed in the phospholipid in an amorphous state. The solubility test results
showed that compared with phloretin, the solubility of PHL-PC in water and n-octanol was increased by 4.90 and 2.20 times,
respectively, and the oil-water partition coefficient was increased from 1.22 to 2.03. In vitro solubility test results showed that the

cumulative percentage of drug release increased from 72.07% to 86.34% after making phospholipid complexes. The results of

percutaneous permeation test showed that the cumulative permeation dose of PHL-PC within 24 h was 2.06 times higher than that of
phloretin. Pharmacokinetic studies showed that the AUCo— of PHL-PC was 2.15 times of the phloretin. Conclusion The prepared
PHL-PC can significantly improve the transdermal permeability of phloretin and increase its bioavailability.

Key words: phloretin; phospholipid complex; Box-Behnken design-response surface optimization; solubility; transdermal

permeability; dissolution; bioavailability; solvent volatilization method
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Fig. 1 HPLC of phloretin reference substance (a) and test
sample (b)
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Table 1  Experimental arrangement and results of
Box-Behnken response surface method

iECTas X1 Xo/(mg-mL™) Xa/'C Y/%
1 15 2.0 55 94.6
2 1.0 2.0 45 80.4
3 1.0 3.0 55 83.5
4 2.0 3.0 55 84.7
5 15 1.0 45 87.2
6 2.0 2.0 45 88.0
7 2.0 1.0 55 90.0
8 2.0 2.0 65 86.2
9 1.0 1.0 55 84.0

10 15 1.0 65 88.3
11 15 2.0 55 93.1
12 15 3.0 45 80.3
13 15 3.0 65 86.0
14 15 2.0 55 934
15 1.0 2.0 65 88.0
16 15 2.0 55 90.2
17 15 2.0 55 91.4
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Table 2 Results of variance analysis

TERE PO B BEFLM O OFE PE | AZERE P HEE BETPLM OFE PHE
R 274.76 9 30.53 15.39 0.0008 | Xi? 4853 1 48.53 2446 0.0017
X1 21.13 1 21.13 10.65 0.0138 | X2 54.42 1 54.42 27.43  0.0012
Xz 28.12 1 28.12 14.18 0.0070 | X2 51.43 1 51.43 25.93 0.0014
X3 19.84 1 19.84 10.00 0.0159 | #&z 13.89 7 1.98
X1X2 5.76 1 5.76 290 01322 | KT 1.82 3 0.60 020 0.8911
X1X3 22.09 1 22.09 1113 0.0125 | #ig%E 1207 4 3.02
X2X3 5.29 1 5.29 267 0.1465| MB5% 28865 16
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Table 3 Predicted value and actual value of recombination
rate of PHL-PC under optimum preparation process (X £ s,
n=3)

TiH X1 Xo/(mg-mL™") Xa/'C Y%
T 1.63 1.71 55.9 93.09
SEIE 16 1.7 56 93.80

1.6 1.7 56 95.60
1.6 1.7 56 93.50

1.8 15 25
X1 Xo/(mg-mL™2)

2 PHL-PCHI&TZHEARXEERANEFSLERM 3D WNEE
Fig. 2 Contour map and 3D effect surface map of interaction of various factors in preparation process of PHL-PC
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Fig. 3 SEM diagrams of phloretin (a), soybean lecithin (b),
PM (c) and PHL-PC (d)
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Fig. 4 DSC diagrams of phloretin (a), soybean lecithin (b),

PM (c) and PHL-PC (d)
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Fig. 5 XRD diagrams of phloretin (a), soybean lecithin (b),
PM (c) and PHL-PC (d)
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Fig. 6 FTIR spectra of phloretin (a), soybean lecithin (b),
PM (c) and PHL-PC (d)
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Table 4 Solubility of phloretin and PHL-PC (X £s,n=3)

AR (ugmLY)

FE
MK 1E R
R # 72.13+0.35 729.4440.67
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Table 5 P values of phloretin and PHL-PC (Xt s,n=3)

e P |gP
W R 17.784+1.26 1.2240.03
PHL-PC 107.98+2.09 2.034+0.01
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R=(VCnt+ ”Zl CiVs)/Qo

i=1

Co REHE n NIURE SR B ZREIKEE, Ci AR RTHURE &
2 T BURE 55 TRV, VD Vs 43 AR R A IS A AL A
HURERAR, Qo BRI K MWIth
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Fig. 7 In vitro release curve of phloretin and PHL-PC
(Xxs,n=3)
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Fig. 8 Transcutaneous permeation curve of phloretin and
PHL-PC (X %5,n=3)
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Fig. 9 HPLC of blank plasma (a), sample (b), and blank
plasma spike (c)
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R A YIRE AT I ZL R
29.2 ZEAAMAMHS RERN —ER2E
AR B R A PHL-PC #3A, 27l A PBS H 3§ 4>
BUE, MG =R 934, ffREEHRA S &
1%, TIPS R ROIR B .
2.9.3 ZiENSrns SD MEME KR SIS T AE R 12 h,
HEHUOK. BENL N 2 H, 46 1, SRR
FAAM PHL-PC 4. KRG HM BRI NS cmX5
cm, —HIRTHMR L FZER, H—HREERNER
PHL-PC #bZ (100 mg/kg, VIR RHEEIT). 4
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25T 05, 1. 2. 4. 6. 8. 10, 12. 24 h fRAER
1, BT HF 2T O o AR S0 15 min
(13500 r/min. 4 C), MWH BiFIMHK, —20 CIRAF
#H
2.9.4  MIKFESBIALEE RS 2RI AR 200
uL, JIA 600 pL H EEVTUE B8, W igi &) )5, 13 500
r/min 2.0 15 min. WX & W 0.22 um R FLIE EE
iof, 4% €2.9.17 TR RS e W T A
295 SEEGLEE Z5-mh 2R DLl 10, SRA DAS 3.2
EE AT H A B SR R IR 6. 2R IR,
R ZEME, EEYM Craxs AUCo-v AUCo-
Fm (P<0.05), tie 5 tmx K, HEG 7R X
(P>0.05)., S5REEMLL, BEE5WH AUCo- -
12.07 pg-h/mL, 2R 21 2.15 fiF, R A6 i g
HEWIEAMUEL T 25 1E F I 8] B2 2 52 iR i
R YR B
3 itig

SIS S RTINS AR iR, AR .
AR LG EGRERAT T HREREE, &ML
WX R AWM KM 3 NMAE: AR, 29k

1.0

- MR &
_ -®- PHL-PC
7
g
2
= 0.5
£
&
S
=
O —TT1T T T T T T T T T T
0 4 8 12 16 20 24

th
E 10 #REZEF PHL-PC HYZ5-FIRRZkE (X +s,n=6)
Fig. 10 Concentration-time curves for phloretin and
PHL-PC (X% s,n=6)
F 6 IREEMPHL-PC HATNESH (X+s,n=6)
Table 6 Pharmacokinetic parameters for phloretin and
PHL-PC (X +s,n=86)

ZH L&A R % PHL-PC
tue h 7.40+254  10.52+4.66
tmax h 1.33+0.75 1.42+0.66
Crnax pgmLt 0.42+0.10 0.69+0.09™
AUCo+  pghmL? 4414235 8.94+3.74"
AUCo  pghmL? 561+208  12.07+591"

iR RALE: “P<001 *P<0.001
P <0.01 ™P <0.001 vs phloretin group

[ M 4T 5 39547 Box-Behnken Wi 8% [V 23 BT AR AL
N T2 fEfl PRI, CEEEN
SSERFIE A R g m H B T8 AR AT
PR ETE 55 CHA R m, 60 CHE&GREGH
TR, XATHE SWERAE 60 CLLEAREE . SEME
Ky BEE AR LLRZIYIRERIG R, EEE 2N
PR, X AT RS BT B A AR F R e 2 ik
K, R P AR, R AR,
B, NTHEENE LB E SR
], 3 g g/ PR S G R HORE HE SR DR 2R 5 A 2 T
1% %, K] Box-Behnken M 37 i i A7 04k . A
HH T NZEE N 1.6 ¢ 1. YR EIREN
1.7 mg/mL. M%)y 56 C.

ifiid SEM. DSC. XRD Al FT-IR %} PHL-PC
BHTRAE, RIVE GV IR BB -5,
Re AP HITE SO TR B 3 F S B AR AR PR
Ui AFAE S 1) 4 IR R JI A8, AR 3 LG e FE AR
SHMTESYT. LeRER—FmEmie LR
A, BB A BRI, 8 Rk
BB RTE, AR S, ARSI
RHEIRBEIRE GG, AR R AR /KAIE R i
fRFEASE T o, VR ER .

G R BEA T 2 AN B, Bl R Z
WATEVER K Z Ak M. iz RoERE, e
WY G E s SRR KA, KE
i iEit, ik, YRR EA e RRE X H
g KA B T4 5B, KA &
o (gP) 1ENZWIEACIE RS I M 24,
TEZWE L A A p A G E R, 1gP {E K
K, ULHIZYI TSR, R, N, NECEK,
R PEER AT 1S), — Ay, IgP<-2, tLBPhsR
KM, RREF L 1gP>3, AR et
K 558 171 A DA A B S — R T3 HE R A SRR B,
YW R A 2 B 1P (N 23 MR 7 1 R
REAYE, \gP 1H i 1.22 #n% 2.03, EEE
TRERIIRETE . & RBIE LI aE RV
il B I A A RS R KA M LR R R, B
NI FANIE R R

R BT AR PUAN . PUEElEM,
TE24 i B A AT B A T2 N A 5. 2 S
R R 30 B HTAR 28 48 Fe o 24 ) 351 2 BA AR R AL
BRI eIS, (B2 R I TE R £ A% T
2 RWE W BE KA R A T . B
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FIRA LY ENEL . iR B B R AN R
RIFNEH 5 T2 B2 25 0 i 9, BRI, SeagoRs
HREZ 2 A PHL-PC il B4 B 2 25, X LEAE7E
HAE R A A R R, SR EAM
B, il el i SR S T DA 35 5 e LA R T E
A KBRS R BN BR G B A P S aR2h
R, JREABLER DI RBER G5 Kb
2B AN LA T, N4 IR IT AR BE R 4 Be 25 24y i
PSR U -
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