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Formulation optimization of naringenin-phosphatidylcholine complex dropping
pills and oral pharmacokinetics evaluation

LIU Wan-lu
Weihai Ocean Vocational College, Weihai 264300, China

Abstract: Objective To optimize prescriptions of naringenin-phosphatidylcholine complex dropping pills (Nar-PC-DPs), and
investigate its oral pharmacokinetic behavior and bioavailability. Methods Solvent evaporation method was employed to prepare
naringenin-phosphatidylcholine complex (Nar-PC). Forming rate and weight difference were used as indexes, single factor
investigation combined with Box-Behnken design response surface method was employed to investigate the optimal prescriptions of
Nar-PC-DPs. Microscopic morphology of Nar-PC-DPs was observed by scanning electron microscope (SEM). Crystal form of
naringenin in Nar-PC-DPs was analyzed by X ray powder diffraction (XRPD). Solubility and in vitro release behavior of Nar-PC-DPs
were determined. Beagle dogs were administrated of naringenin suspension, Nar-PC and Nar-PC-DPs, respectively. Plasma
concentrations were determined, and main pharmacokinetic parameters were calculated. Results Optimum prescriptions of Nar-PC-
DPs: percentage of PEG 4000 in matrix was 49%, matrix to Nar-PC ratio was 5.2:1, dropping distance was 8.2 cm. Appearance of Nar-
PC-DPs was round and smooth. Naringenin existed as an amorphous form in Nar-PC-DPs, and solubility in different media was
enhanced greatly. Cumulative dissolution of Nar-PC-DPs reached 95.10 % in 60 min, and storage stability was perfect. Pharmacokinetic
results showed that the time to peak (fmax) of Nar-PC-DPs was shift to (0.95 + 0.14) h, half-life period (#12) was extend to (6.85 = 0.71)
h, peak concentration (Cmax) Was increased to 3.25 times and oral bioavailability was enhanced to 3.79 times. Conclusion Nar-PC-
DPs increased the solubility of naringenin, promoted the drug dissolution and enhanced oral bioavailability.

Key words: naringenin; phosphatidylcholine complex; dropping pills; Box-Behnken design response surface method; dissolution in

vitro; pharmacokinetic behavior
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FEANAIR T2, S ARG G GRS, KON B L
i S5 R bRt BB AT VB B AT R R, A
BERERBRARCESESEERT 5.0 gkg, RUIEM
AR, BA BRI PR R 7)o

M 8 T AR 2K TR0, 1
IRCHR B I 3 T R R A P52 5 31 79 (43.83040.039)
ng/mL F1 (440.163+2.641) ug/mLB), JK¥# Mg
EVERIANE, KR BRI AR F AL 2 4%,
BRI e LY SIEY = SHl RN A S ARNELP N
2 R UAUS SRR 5T, (BAEERZGEAR. AT
TEEHR. BRI B SR A 55
BREE, AT A E A 2 Al SRR A K

23)-W g B AR A RO R 25 W AR Py
ts-1o0, (ERENR R —FR -G, A M e IR
BRI VA SRRESF BRI AU, Rk, RH
3t i 1) 2% 24 -l I 2 S i B e RE . B AR 2
LRIy BENRIE R bRL, 2 SRS M,
AHI SR FH Tl I T FIEL B v iz 2 o) 26 Rl e 2R B i
Tt AH B &2 4 %) ( naringenin-phosphatidylcholine
complex, Nar-PC) U81, DI HKEER R,
{H Nar-PC R 1EECK, 29005 k3 L E 18 %,
B 1) A= R P 2 S M

M. (dropping pills, DPs) & ¥ 7K ¥ 14 3 it
(PEG FKHRD 5 HEE 25N HA 835 — KSR, 7
NASHHVR R (/)4 B 72 0 AT 7 8] — At AL,
VA o 8 i L R 19200, 427 R R Mg
i IGARRLH )2 R1220, Wk B AR i R Nar-PC
VA H A N L RE R ZE I ) R

AW T & T Al B 2R T T I AL 52 R AL
( naringenin-phosphatidylcholine complex dropping
pills, Nar-PC-DPs )23, HL[K 2 5050 454 Box-Behnken
BETE-RN 74 (Box Behnken design-response surface
methodology, BBD-RSM) {4k, Nar-PC-DPs il % -
2 FERAMEAS . SR, RSNE T AR E It
SEREATHHE . DM R IR Nar-PC Jyxttt, He
¢ Nar-PC-DPs RZGENAAT N, NIaELL M
reE seiedEat . HAr, B PNAMERKRBEIRE &Y
553 R FH RS, 3 B0 AR AT T 9 R A SR
ARIFRAR L S0 -
1 {438, MR5E1

FA2004B B3RP, 18 Sartorius 24 7];
1200 BY = e AR a4, 2 Agilent A7) ; HI-2B
BRI, H MR ROCERHIE A R A

Al; DWI-S3 B4 AN AL, &R 2P
WREIR AT RCI2AD A AEE HkIAL, Kok
RREHEA IR A s ISM-IT800 713 v ¥ B 14,
A 7k ett; DLSB-2L Mgt 8 kA, g
WA SIS B4 PR A ] s BI-2 AL g Al PRAX, RIGK
R IR AR LY-2150 BUERIEIRAE, |
KL —FHABRAT]; FRINGE EV B! X S8 K
TS DR INIR S BHEAES A R A F] s HSC-12A %Y
ZWA, AR AR A .

i 2R RZG, #ES 20200430, & 4
97.5%, PUATM BLAEYRHEA RA T Ml 20 i
i, iS5 S-014-210908, FiE /340 99.2%, AR
FRRAMBIHARA R SRR, #S
20220412, FiEDH 99.0%, LFERAEEYIRHA
BRA; BEARMEIEGR, LS 20210608, Jii &%
99.0%, EiFHHLREARHARAR]; RO B
4000(PEG 4000, fit5 201025). % 2 % 6000(PEG
6000, #t5 210322), PEpbiE—ZjHHRA R AR
TR R, AYE H201-50, iS5 20210518, EZy
L= AT ARAF .

LA R, MEMEST:, MR 9.8~11.4 kg,
H MR B S8 O3 AL, VFRTIES SCXK(F)
2020-007 . FTH Bh4) S 06 450 S A0 J i AR v BR b 2 ¢
A RIS S B e, Y54 3R .
2 FAEEHR
2.1 Nar-PC % H Nar-PC-DPs HiH &

BN R R2 0.27 g B T RERSH T, i
T ARMENH G 0.8 ¢ FPUSIRIR 100 mL. T-50 CF
W S14EEE (800 r/min) 3 h, T 40 C UL ez
£ USRI, B8 Nar-PC. FREUE & Nar-PC FlZE
J#i (PEG 4000 F1 PEG 6000 J& &%) B T ALkl
70 Chn#dam, wENSKEEA 100 r/min, Frs:
bt 10 min 15350 AR . SR = H BERE T At
T, YR PR R ] Nar-PC-DPs (i I 4ME AT A 4%
SN 4.0 mm f1 2.5 mm), Y£E Nar-PC-DPs. [F]
S AL O Sl 2%, 4Rk G 1 [F] Nar-PC-
DPs).

22 WMERBFEHNE

221 M A FEN Agilent SB-Cig £ (250
mmX4.6 mm, 5um); FEA 30 C: HaHNH
BE-7K (60 © 40); FEFAAFA 10 pL; Bl A 289
nm; AFUREA 1.0mL/min; FSIEN B LA &=
AT 6000
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2.2.2 Nar-PC-DPs i@ mEcH]  BEALEL 20
¥i Nar-PC-DPs B TR R BFAH RO AR, 25 AR
2140 mg 2 —AARENEH, A 50% 0 50 mL J5%
B, SCRIFREFE. B @A OCPES 15min (3
H250W), JE R, A 50% LBERN E 18K 1)
JifE. T sl 12 500 rmin B0 (B0
£ 6.8cm) 20 min, FEEH EIEHR 1 mL & 10 mL =
M, FEhAFRE, %%, RIS Nar-PC-DPs ik i
. [R5 4% Nar-PC ABER 5 7 -

223 THMBER WEARAL CREHER,
H AR LI E Nar-PC-DPs), % “2.2.27 T R
TR IR 2% 2 O BRI

2.2.4  NRE SR BT RS PR EUR R 2O0] T
20.80 mg & 100 mL &), HIAZ) 80 mL HEEIE
FERARIEFBE R LR, =R 208 pg/mL 1
i 7 2% 0o TR it £ 4 YR

225 ZMEXRRFER  AHRSIFHRRE SR EIRE
4 10.400 5.200. 2.600. 1.300. 0.650. 0.065 pg/mL
BRAFINHIREAEW, 5 “2.2.17 TN A&k T
WMI5E . DA R RIE AR (YD, FREREN
AR (XD FEZEEIA, BEIA5FE Y=24.150 7
X+0.2892, r=0.999 8, 4 H%K WM £ A1E 0.065~
10.400 pg/mL Z& 14 5¢ & R T .

22.6 TEMEHER  HRIHCE A IRER KR
Xof B8 SR Nar-PC-DPs fiEil g, 4% “2.2.17
TR i A HEAT I E . S5 1, 45 R4
BIAT-Pohh ez R i, LaEttm.

Al
5 g
Tt B R
c
Tt B R
D |
0 5 10 15 20 25 30

t/min
1 =AXMRER (A MEEXNREER (B). Nar-PC
HIXMBAR (C) F1Nar-PC-DPs X RiBi& (D) A HPLC &
Fig. 1 HPLC of negative solution (A), naringenin reference
substance solution (B), Nar-PC sample solution (C) and Nar-
PC-DPs sample solution (D)

227 FEMEHE H“22.27 T K Nar-PC-DPs fi
REBEHB, 435F 04 14 34 64 120 24h §% “22.17
TR R 26 R AR 2, T 545 AT R 2R e T AR
RSD N 0.60%, 45%3% M Nar-PC-DPs ik i A
£ 24 h WEREME R LT
228 FEEEHS BUK. LSRR (0.065.
2.600. 10.400 ug/mL) X HESIAW, $% “2.2.17 T
TSR HIE 6 IR, THEAS A R ZR T A
RSD 77514 0.42%- 0.18%-+ 0.28%, 45 FHR {8
K% B R AT
229 HEEMWHKL HF 4t Nar-PC-DPs, 1%
“2.2.27 WUNJTEERNE, AT 6 4 Nar-PC-DPs
BRI SRR, 3% “2.2.17 TR A AR TINE,
THE 1A R = R 0 RSD N 1.37%, REHZ T
EEEMRLT.
2210 el EREFELE FEEFEL 9 4 Nar-PC-
DPs ¥y K, %% 20 mg, HHE T =AMy, o
s K3 A, A E R R R 50%-
100%- 150% IINAH EZ2 20 i s, 4% “2.2.27 TR 7
151 % Nar-PC-DPs {8 i 7 ¥ 0 2 A 7 25 75 &
THE A A Rz 2R (X INAE [ W% 99.85%, RSD Ky
1.17%, S5 RREIZIEERER .
2.3 Nar-PC-DPs iE #5471

HY 20 %I Nar-PC-DPs, ¥§%F55%¢, 5 Nar-PC-
DPs [FPFFT R (W ), 7 IFRELS A Nar-PC-
DPs (W;), it% Nar-PC-DPs FJAi &R %R, s
72 SN

i AN UG [ 84 () Nar-PC-DPs, it#1, IF5
Nar-PC-DPs (1] #5054 Hb i1 5 Nar-PC-DPs B 7% .

AT EZE T =(Wi— W ) W s

TR 2 = AR B B B
2.4 Nar-PC-DPs 05T ZBFEHZER
24.1 PEG 4000 3l [ott%E% KA PEG
4000 5 PEG 6000 & & 41F A Nar-PC-DPs %47,
JEFEJ 5 Nar-PC i LA 6 & 1, i#3# y 40 #%/min,
AERIREN 8 C, TWEEA 8 em AN, 43R #%2
PEG 4000 [ %) Eb Xt Nar-PC-DPs Ji 2 Al HJofi B 2%
SRR, R ILE 1, 5 PEG 4000 {F A3 5 i
TR AR B/, BCR ] PEG 6000 1E R
BT B T R s G B R, A R 3 i
T ORI 2 SR RO /N R, g e
Nar-PC-DPs B¢/l % ]2 AL i % 5+, WK F PEG 4000
Al PEG 6000 JRAEYI1EAN Nar-PC-DPs 3. M
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&1 PEG4000 SERESLAER (X£s,n=3)
Table 1 Investigation on percentage of PEG 4000 in matrix

(Xts,n=3)

®3 AHERENER (Xts,n=3)
Table 3 Investigation on condensate temperature (XS,
n=3)

PEG 4000 HEmLL/%  BRAZE%  AREESY% AR/ C FRAE /%% LT ZE /%
30 74234226 19424136 6 75274+1.92 8.89+1.17
40 79.89+1.89  11.46+0.89 7 80.5442.00 7.9240.64
50 88.9741.96 9.9240.75 8 92.6342.31 8.47+0.71
60 83.10+2.04  14.89+1.28 9 91.8411.86 10.04+0.78
70 7716187  20.03%+1.67 10 86.3141.75 9.1240.94

PEG 4000 755551 o L& #3851, Nar-PC-DPs Ji%
R BEIEINE B, mMimEzER2% TR
JE NSO ARSI A AR . B AL & 22
5 [#) Nar-PC-DPs At 757 T. %5, 5%t PEG 4000 5 % i
Et 40%~60%3EAT L1 -

242 A5 Nar-PC FEHFEL [EHE PEG
4000 (2L 50%, VEEA 40 J#/min, A ERIR
FER 8 C, RN 8 om ANAE, 4325 %L i 5 Nar-
PC Jii & LL X} Nar-PC-DPs i 74 5 Fl AL & 25 72 [ 52
W, 455 WK 2. Nar-PC-DPs 8.7 2 it 5 L 5t B &
EG N 2 mE FREES, mMAREERRL T
b Ja s S, el T3 S Nar-PC AR R
bt 22 T BOUY B 1 Bl RS A7 AE 22 23, it
Nar-PC-DPs 8! 2 F1AL T & 22 7 P2 AR fe i o 3RAS
BmM R BT E 2 51 Nar-PC-DPs 4t
K L2, FxERFS Nar-PC Fift 41 1~6: 13
1Tt

243 AEHRERFESE  [EE PEG 4000 55 L
50%, &) 5 Nar-PC Jli & EE 5 0 1, i34 40 {i#%/min,
AR IE RN 8 C, TMEEN 8 em AR, 4y HFE52
AEHREX Nar-PC-DPs [ 5 A HU i 5 25 3 15
My, 2SI 3. AEHREE{KE Nar-PC-DPs 4 il
T A 5E AU SR U R R4 74 e, 5 R
Hi RIS, S5 Nar-PC-DPs /M ZEBHIC . YAk i
B S8 Nar-PC-DPs (&Rl 4 215 #0018, 18

#2 ER5 Nar-PC RELLHIERE (Xts,n=3)

Table 2 Investigation on mass ratio of matrix to Nar-PC
(Xts, n=3)

AR SO AR 5 R AETEAE, TS ER R
B o ALV S B 0T AL 2 22 S g i A K (33T
12%) Ak E A 8 “CIF Nar-PC-DPs J§7 % #5 15,
W e B N 8 Co

2.4.4 JHEMFEE  [E 2 PEG 4000 555 G 50%,
FF 5 Nar-PC &L 501, AERIRE NS C,
WEEA 8 em AAE, 437 80 1E X4 Nar-PC-DPs Ji%
RURFAE 275w, SRWE 4. WiEdE
I AR BCR, EHEJJI/EAT Nar-PC-DPs %
Gy AR TR0, H AU 2 O . T IIE 50 ¥ /min I
Nar-PC-DPs % 5y K AER %, SEUNM R T, Ak
wmER BT, M 40, 45 {%/min i, Nar-PC-
DPs B ZH0 AL 5T 5 22 S i 3 1 22 5% (P<<0.05),
HH T 45 J/min il & SR AN B R, WO E R IE Y
45 3 /min.

245 THFEMFEE  [E % PEG 4000 555 50%,
55 Nar-PC B 50 1, E N 45 /min, ¥
BERRE 9 8 “CAAR, 43 Il 25 441 B0 Nar-PC-DPs
PR ZEFNAL T B 22 s, S5 WER 5. 4R
IF/INEF Nar-PC-DPs 45 fil 25 05 o 56 AW i A /D
BN, FEOH AR REL, REZE R
Ko TR I IR 5 Rl 25 VB0 75 25 4 1 J8 o v gt
WA S RAERZEZ B, F3 Nar-PC-DPs Ji§
RN, AEZERER. FI, HEXS Nar-PC-
DPs A 200 AU & 25 S s UK, RIS I
R BT & 2% 511 Nar-PC-DPs &b 5 1.2,

F4 THRMER (Xts,n=3)

Table 4 Investigation on dropping speed (X £ s, n=3)

R 5 Nar-PC Fi & BE % NREER % T 34/(% -min ) FRTY /% FLR %
3:1 71.80+2.17  18.88+1.32 30 77.3342.19 21.03+1.36
4:1 80.06+2.09  15.9240.95 35 88.14+2.12 13.8441.15
5:1 90.124+223  10.07+0.81 40 95.04+2.33 9.2740.79
6:1 86.54+1.83  13.43+1.02 45 94.1241.86 9.5440.85
7:1 83.69+1.40  12.71%1.11 50 90.27+1.19 14.16£0.90
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5 TEHEMERE (Xts,n=3)
Table 5 Investigation on dropping distance (X £ S, n=23)
WPE/cm HRBL R /% HEEZE R %
4 78.03+1.78 15.03+1.22
6 83.894+2.06 13.86+1.17
8 92.11%+1.98 10.901+0.84
10 94.31+1.77 9.914+0.78
12 87.861+1.40 12.26+1.14
14 82.24+1.54 13.35+1.63

TR 6~12 cm FEATHAL

2.5 BBD-RSM #ft{£ Nar-PC-DPs #|& T2

2.5.1 BBD-RSM Wit Z% “2.4” TUF Nar-
PC-DPs LA E LR, KIN PEG 4000 5T H
g3E (X)) S Nar-PC i &L (X)) iR (X3)
X Nar-PC-DPs §2MECK, #UE N E B[R &, B
HA R Xiv Xon Xas S EHBRKF IR 60 DL
FUAL T B 2 A e Al , BIRAS & Yy 1 Ys, SRA
BBD-RSM X} Nar-PC-DPs 4t 7 T. 2 HEH T4k . il %

=

=R
52 7

w7

# 6 Box-Behnken I FIT5LER (n=3)
Table 6 Experiment design and results of Box-Behnken design (n = 3)

KBS Xi/% X2 Xlem Yi/% Yo/%|RES Xi/% Xo Xslem Y% Yo/% |65 Xi/% X2 Xslem Y1/% Ya/%
1 60(+1) 6:1(+1)9(0) 8042 1583 7 50 5:1 9 9492 926| 13 50 5:1 9 9237 9.16
2 40(-1D)4:1(-19 7891 14.12] 8 40 5:112(+1) 8464 19.73) 14 50 5:1 9 9549 873
360 4:1 9 7594 1697) 9 50 5:1 9 9249 9.82| 15 40 5:1 6 8624 1244
4 40 6:1 9 81.63 1722 10 50 6:1 12 8191 15.14] 16 50 4:1 6 8798 14.88
5 60 5:1(0) 6(-1)84351833] 11 60 5:112 7963 1626 17 50 5:1 9 9274 843
6 50(00) 6:1 6 86.77 13.61] 12 50 4:1 12 81.13 14.62

AR5 T2 F i) Nar-PC-DPs, RFGHE 3947 )

#3407, IHE R AL R R, 4R LK 6.
252 HUARRAMIES KT ZE T R Design

Expert 12.0.3.0 HAGAH Yi ZIkRZ oHIHTTE
N ¥Y1=93.60—1.38 X;+0.97 X, —2.13 X;+0.44
XiX2—0.78 X1.X3+0.75 XoX3—7.68 Xi2—6.70 X2 —
221 X5%, R*=0.969 7, Ra.>=0.9307; Y, ~IRZ TG

[F 55 R ¥2=9.0840.49 X;+0.15 X,+0.81 X3—
1.06 XiX2—2.34 XiX3+0.45 XoX3+4.54 Xi2+2.41
X2+3.07X3%, R2=0.9800, Ra.i?=0.9543. J57ZE4
e R IE 7, X, X X2 X2 X2 AR
PR B EMEZER (P<0.05. 0.01), ESLH) Y
RANBEEZR (P<0.0D), M&PHAEE (P>
0.05). Y21 X3. XiXaw XiXs. Xi2o X2 X2 g3

KT N NnFESHER

Table 7 Variance analysis for Y1 and Y2

Y Y2
PRI i SEJ %75 Fii Pia S5 A B175 Fii PE
it 9 564.12 62.68 24.89 0.000 2 201.63 22.40 38.11 <€0.000 1
Xi 1 15.35 15.35 6.09 0.042 9 1.88 1.88 3.20 0.116 7
X 1 7.55 7.55 3.00 0.1270 0.18 0.18 0.31 0.594 3
X3 1 36.25 36.25 14.40 0.006 8 5.27 5.27 8.96 0.020 1
XX 1 0.77 0.77 0.31 0.596 5 4.49 4.49 7.65 0.027 9
XiX3 1 243 2.43 0.97 0.3583 21.90 21.90 37.26 0.000 5
XoX3 1 224 2.24 0.89 0.3775 0.80 0.80 1.36 0.2813
X2 1 248.33 248.33 98.61 <0.000 1 86.83 86.83 147.71 <0.000 1
X2 1 188.86 188.86  75.00 <0.000 1 24.53 24.53 41.73 0.000 3
X3 1 20.51 20.51 8.15 0.024 5 39.65 39.65 67.45 <0.000 1
W7 7 17.63 2.52 4.11 0.59
RAVI 3 8.83 2.94 1.34 0.384 5 2.98 0.99 3.52 0.128 0
S 22 4 8.80 2.20 1.13 0.28
M 16 581.74 205.75
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PG B MEZE R (P<<0.05. 0.01), LM Yo
R HAR R 253 (P<0.01), TRITAAEZE (P>
0.05) R EE T BB R R 2R LR, 7]
15 RiE, AT Nar-PC-DPs b7 T 2347404k
253 RSM g5 R 5N &€ PEG 4000 54

ik (X)) RS Nar-PC i & () KIiiE (X3)

96.0 3
1 |
X | I &
= 8551 S
1 |
7501 ) 1
g T e gl
55 g = 550 105
Xo 45 450 X/%

Y2/%
Y2/%

[P N i

"
s s X

Xfem 7.5 5.0 Xil%

105
Xy/em 7.5‘\,,\,,/2‘;0 Xi/%

HEZ—, 2L H Ao 2 NEFmNAE (A
BOUREZES) Mg, SRLE 2. %4
ERl 2 0 e SAE s i i LB 2 4%, KA BBD-RSM
At Nar-PC-DPs |45 T2/ L E ). W E KR
NERKAE, MR ZER NR/ME, 1930 Nar-PC-

DPs [f 544077 9 PEG 4000 535 LA 49.03%,

Y1/%
0
o
2

80.07
"‘\/J L\/'

105 s s

Xyfem 75 45 X

—

550

— ) _— =

550 105
° Xsfem 7.5

2 BERESHNEMN=4E

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

FJfi 5 Nar-PC Jfig o 5.22 1 1, §i%lE N 8.23 cm,
Tl Nar-PC-DPs #5fEAb 77 1 Rl 28 2 R0 5 KMo =
5353 HIN 94.06%F1 9.02%.
2.6 Nar-PC-DPs & 75363iF

X e A EFENE, K BBD-RSM 75 2] Nar-
PC-DPs s fEA T ISR A% GREIRE/NT +1%),
B PEG 4000 425 LLR%E N 49%, %55 Nar-PC
it N 52 01, WEEIAEEN 8.2 cm. “FATH
% 3 {3 Nar-PC-DPs, SMJGHT, %, s —,
SR 3. e SRR R R R, I
iz (w2 = (S2PrE — R TR /A 2 Tl 1o
ZE R ILER 8, Nar-PC-DPs J 7 5 L5 2 22 45 /)N
T £5%. HWEFEHFFEEN (39.8240.32) mg,
FHIEAN (4.08+0.07) mm.

3 Nar-PC-DPs 5P}
Fig. 3 Appearance of Nar-PC-DPs

&8 EFMESTUNEMLLR (X+s,n=3)
Table 8 Comparison of predicted values and measured

values (Xt s,n=3)

WA AR BB /Y% OGN e )
SEFRME 94.31£1.04 9.3440.18
HRE TR T AR 94.06 9.02
TR Z1% 0.26 3.55

2.7 Nar-PC F1 Nar-PC-DPs 1

270 TEAREE FGmAK LRI BUS A
FeEFRIZG . Nar-PC. W3R &) il e 280 &R
15 & L[] Nar-PC-DPs )l Nar-PC-DPs 1% 10 mL
K, BT 25 C/KEH, 800 r/min #51H 4
FIBEEE 2 do BUEJZIREM 12 500 r/min {538 20
(BOA2 A 6.8 cm) 20 min, B E I & VAR
[EV2IE £ pH 2.0 F1 pH 6.8 BB th 220 (PBS)
HVARRIE, 45K 9, Nar-PC Fl Nar-PC-DPs 1
Perm Al R AEA R B VAR, Nar-PC-DPs
$& iR B 36 KT Nar-PC.

EUZ&187K 200 mL I 200 mL 1EEEE, BT
(37.0£0.5 CHMEIRIRG & HIREE 2d, RI1FKAH
YRR TF =7 1 K 1F S BEARL AT 7Kk o BRI AL AT IF =%
BZ 10 mL, DIAGE SRR R R, MFE &4
PR¥E 2d, 12500 r/min &= &0 20 min (4204 6.8
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em), WE EFEHRTH AR RFTERE (Co-
R 5 mL BB, N IEFEEAE KA
10mL, AMHFEZFM FIREE 2d, BUKZ 0@ k&R E
(Cw)» THEMIKIERE [P, P=(Co—Cw)/Cy],
HHH 1gP. [FVENIE Nar-PC FIHR AP 1gP
o SRR 9, Rl Bz &M % 5k Nar-PC J& £EANF
RO BRBEIMBKSEABNESR (X+s,n=3)
Table 9
coefficient (X £ s, n=3)

Results of solubility and oil-water partition

B, A AR
(ng'mL™")
pH2.0PBS  35.12+0.79
K 76.16%+0.25
pH 6.8 PBS 194.32+3.04
pH2.0PBS  37.69+1.02
K 80.554+0.19
pH 6.8 PBS 214.38+3.11
pH2.0PBS 120.71+2.12
K 152.724+1.01
pH 6.8 PBS  253.80+2.89
pH2.0 PBS 493.34+3.78
K 582.40£2.76
pH 6.8 PBS 729.85+5.10

1.07£0.06
1.15£0.08
1.26£0.11
1.10£0.09
1.27£0.10
1.34£0.13
2.31%£0.22
2.24%0.19
2.67%0.27
1.73£0.13
1.561£0.14
1.82£0.11

il Bz 3R B2

YIER &)

Nar-PC

Nar-PC-DPs

S 1gP EAFRI SN, UlEA R RIRE TS
PIAH 0038, K Nar-PC i3t — % & Nar-PC-DPs
JETEARFEN A 1gP [ R, mlRg2EH T
Nar-PC-DPs KRS0 1 il Bz 2 KGR 2051,
2.7.2 AT EME (SEM) 8 Bkl R 5
L2 A Rz 25 5 1 AR TR AR AR B VR A 1) CLE A9 ] Nar-
PC). Nar-PC. 1351 (PEG 4000 F1 PEG 6000 f#
HRA, PEG 4000 H 4N 49%). il R 5 & Fh
R ER A (LfF)[H) Nar-PC-DPs) #il Nar-PC-
DPs 7 A4, AU EE 2 T ARG B, Wi
60s (LA N 32Pa), BT SEM L%, 451
Kl 4. mhpRIERZ 2ER A (B 4-A), RhiER
Lk AR H A BV A9 SEM. B ] WL % 31 J5 k)
2T REAR AR B, PE A R RS (] 4-
B), Nar-PC AKILJFEMZHIEIR &R (B 4-C), Bt
WA S 25 7E Nar-PC PAEEIRES KA TR ©H
R B AOREE (K 4-D), YIRS SEM
T R S B B R R 5 AR TR LR
G TR R AR5 T WL (& 4-ED, Nar-PC-
DPs AW E R R AR (B 4-F), Uk BIAlRZ
FAE Nar-PC-DPs F1475 LAJC & BURAS A7 AE

273 @A AR AR Cu-Ka, BRI HE

J& 6°/min, Ju[H (20) Jy 3°~45°, Bl 7 2 R} 24

E ZINF

A,
\

20 pm

AR R ERZ Bl RS WREIE B A4 C-Nar-PC D-ZFAFEE  E-ME R SHEYEIESY)  F-Nar-PC-DPs
A-naringin raw material B-physical mixture of naringin and phosphatidylcholine C-Nar-PC D-blank matrix ~E-physical mixture

of naringenin and excipents F-Nar-PC-DPs

4 SEM #R
Fig. 4 Results of SEM

Nar-PC. ZHIEHE (PEG 4000 F1 PEG 6000 fij HLiR
4, PEG 4000 47t 49%) . WIHIR &Y (Rl
5% MR LE[E Nar-PC-DPs) 1 Nar-PC-DPs
FEG AT XRPD 94, S5 R ILE 5. M= AE
5.1°, 7.8°, 11.7°, 12.3°, 13.4°, 20.4°% b Hi BT
G, WIFRE S XRPD R o B 25 i
ATh AT AL, UF B 8] SR G A S A B 3 R IR S O
Vo Bz i 5 i Nar-PC Al B2 22 AIE 7 Y I3 7
o, RN R 2 LAJE e A7 AE T Nar-PC 1. Nar-PC
HE— #1145 % Nar-PC-DPs Je{J5 o H BUR 7 R FFE

i, RO RAE Nar-PC-DPs H {5 L2 Y
REAFAE. XRPD 74 RS SEM 45 A AH HARE
2.7.4 Nar-PC-DPs #HU PRAT S HL 6 ¥i Nar-PC-
DPs & T il FRAC I (FLAR R 2.0 mmD), 3
B BN 1000 mL 208K, FrEEEER 37 Cla
BT E . 45 B, 3 it Nar-PC-DPs ¥ #i FR A
(6.64+0.21) min
2.8 Nar-PC-DPs {F5NEH B
HURH R R ER2G . BRI G O & 5 3%l
HBE 51 [7] Nar-PC-DPs)Nar-PC #11 Nar-PC-DPs
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Nar-PC-DPs
Nar-PC
WELR S
EH=E- 70

il Bz 3
- N

o 10 20 30 40 50
200(°)

5 XRPD %%
Fig. 5 Results of XRPD

mE R, AR T ESN 10 mg. 238 THH
0, AN 1000 mL 7868 7K, Ao AN A2
B4y IO (3741) “CH1 100 t/min, 4351F 10,
15. 30. 45. 60. 90. 120. 180 min (A 5mL, 7
BN 5 mL 281K .

FEMZE 12 000 r/min &0 (B02F424 6.8 cm)
20 min, U EIEWGHATIE, S5 R IE 6. Ml KRR
BL25 TR VE S 07E 180 min I RAVA HIE 37N
24.33%#0 29.03%, fj Nar-PC 7£ 180 min P 2R
PR EE 44.87%. Nar-PC-DPs 7F 60 min B} 23

100 .

i
Hy
e

—— fhE R

801
< = YHEIREY)
@_ 60 —»— Nar-PC
E —&— Nar-PC-DPs
K404
3

201

0 40 80 120 160
t/min

6 {RINEERRHREZ (X£s,n=06)
Fig. 6 Release profile in vitro (X £ S, n = 6)

W ERIK 95.10%, ¥ HE A RAE H R 545 210
TR
29 REMER

HU Nar-PC-DPs %3 T Zjfi+, B TIHEMEE
6 LIRE (30£2) C, &EFE (65+5) %1, it
0. 1. 24 3. 6 DN HBUFEMEE AL, 00 5E Lo & 22
i WHELBR Koy SEMARTUAHR. RN
# 10, Nar-PC-DPs & 6 /™ H G /NA I,
B, S —, RRKREZERTVNT 10%, HH
FRAT5 /T 8 min, 73 Nar-PC-DPs fif {7 fa & 4 B I .

Rx10 RWEMER (X+s,n=3)
Table 10 Stability study (X £ S, n=3)

t'H A BAREER Y% FEOE PR /min KRG 1% FES B/ (mgg")  BREHFEY%
0 kg, B, AEy— 9.34+0.18 6.64+0.21 436+0.30 40.51%0.08 95.10+1.34
1 e, B, EES— 9.64+1.41 7.1240.32 4.57+0.23 40.46%0.12 95.27+0.95
2 kg, BEEE, GEy— 8.9240.98 7.334+0.23 4.68+0.26 40.4940.09 94.89+1.07
3 I, A, aFEE— 9.79+1.07 6.91+0.21 4.79+0.29 40.53+0.11 95.02+1.13
6 ey, EE, AEE— 9.94+1.39 7.83+0.40 5.08+0.32 40.46+0.12 94.431+0.87
2.10 COBRZAGNFECES 2.10.2 RIS AR AE R 2 R 2 EC

2.10.1 R HFEICRIM SEEHTNT Beagle KiAT
s, WKIKRN 1~65, X5 AMENE, H-5 NN,
55 3 NFBITE RS, SREREE 1 AN 1~2 5 ig
TR KRR, 3~4 5 ig 44T Nar-PC, 5~6
5 ig 45T Nar-PC-DPs. 5§ 2 A MAFIEE 3 = #e
CRUGAL, RRRERES SERUE VeI 1, ig
By 15 mg/kg (DM R . SASLRIYT
0. 0.5. 1. 2. 3. 4. 5. 6. 8. 12. 18, 24h ffiff]
KAIMAT FI B R 0.5 mL, B T PRI E
O, JRBEIRAT, SLED 4000 r/min B0 (B0
8 6.8cm) Smin, HLEZIMKE 5 —E 08 %
B, BRI

U R R B B 1500 ng/mL,  1E A AR -

B B0 FE R 2000 ng/mL Al B¢ 2060 S IE TR, FH 2
R BEEL AR 1000, 500, 250, 100, 50 ng/mL, %
BIREZEL 100 L, T 45 CARBHESRT, A
100 pL %5 (LA 50 uL PIFRIEW, iR IE 30's V2D,
JEERAZIR “2.10.17 BURNT7AALBE o b B 21 o Sk 2
REARR (XD, i Rz 25 5 80 1 R D TR R EL D A A
Fr (YD, BATEAERENAREIETTRE Y Y=0.002 7 X+
0.0844, r=0.9968, ZMIEHIN 50~2000 ng/mL.
2.10.3  [MHRAES AR R A5EEEL 100 pL 1 22 FF
fs TN ARIE TR R 35 R R &R A 1500
ng/mL) 50 uL f1Z /% 1 mL, #jiE 30s, SZET 12000
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r/min &0 GHOFEEN 6.8cm) 10min, W EEH
PAHZ D —E 08, T 45 CERAZEERT,
A 100 L 57, RIS, ZH.

2104 LJRPEFEE HUS A MK MO ISR
CE R =AM NAR, Ml R EWREA 50 ng/mL)
AL RE 5 CE I BR, Nar-PC 2H25245 18 h), #4¢2.1.17
TRt S RE M s, SER I 7, BRI &
Ml R 25 (B IR SZ T, R B A

A
MR
|
B
LS
MR
C
I
%N
0 5 10 15 20 25 30
t/min

E7 Z=EME A)- IER+TBRZEER B) MEHESR (C)
&) HPLC [&
Fig. 7 HPLC of blank plasma (A), plasma + reference

solution (B) and plasma sample (C)

2.10.5 FEEEHL BUL. P mRERE (50,
500, 2000 ng/mL) il j & I F0 s, A 1d
PWIESE 6 X, THE Ak B 255 i ve 5 1 e i AR
Et RSD 73514 3.54%. 2.96%- 4.02%, FHIH Ak
HERLE; K P SR EIREESNE 6d, R
MR 1 R, TR Rl B 2R S R W TR AR LG )
RSD 73518 5.17%. 4.08%. 4.15%, W H [k
FE R4

2.10.6 FiEPEH S HU Nar-PC 4525 2 h L3RR
BTEEAE GRE25 C, B 55%), T 0. 2.
4, 8. 12, 24 h5E, THEAF Ml 255 e ) g
AL RSD HH 6.90%, KB MLIEAE 2/ D1E 24h
PR e P R AT

2.10.7 ERGEEHEE S A IR EC A R 2R R IR
JE4 50 ng/mL ({%). 500 ng/mL (7). 2000 ng/mL
() MEFES, FATAT 3 H, 3% “2.10.27 AbBE
i DN A 7 255 0 v W TR AR, TSRO R R AR
JRERIE, FESh R 2R 1 S bR i) o s B vt
A . 5 SR B, SER IR IS 97.24%, RSD
99.02%, 507 B HE R FE AR .
2.10.8 EERSMRELE WEEIREHN 50
ng/mL 2 BV, BRI EIERERS I, 2
BILMEMELE Y 10 1 A0 3 0 1 AE A E B IR AR,
45 R R BRI R 737928 104 5 ng/mL.
2,109 ZiFhai R i ERIERZ . Nar-PC M
Nar-PC-DPs (1) 2j-IN i1 26 WLIE] 8. RH 3P97 #2745t
THEBR L E A B2, SRR 11, 1k
I 18] Ctmax) B (1120 R AESHOERRARG LS,
AR E (Crnax) FIZG-IFHEZE S THIAR (AUC) 22040
o5 AT IO REA ¢ 4656 . 55 e R ZG A L
Nar-PC ] Cinax~ AUCo— F1 AUCo—oZ B3 1 53 1t
ZE 57 (P<<0.05), Crnax FUFEXT 1 RIS A= 40 FH B 23
AR 1.42 5801 1.96 %, UiEH Nar-PC B —E
IEM S AE T o Nar-PC-DPS ] fmaxs Cimaxs AUCo;
A AUCo- 55 S5 54 e 28 J50R) 24540 b A B 5 35 1
Ze5t (P<0.01); tmax JEATZE (1.9540.44) h, Cpax fil
FEXT 1 HRIB S A= PR FH 4 ) B v 22 3.25 A5 1 3.79 £ o
Nar-PC-DPs 5 Nar-PC L, Nar-PC-DPs ] Crax~
AUC-, Ml AUCo-SZHAMBEMNEZE R (P<
0.01), B Nar-PC-DPs {2 it fF H KT Nar-PC,
3 g

Y SRR — IR R 101 TR AR
A2, ] /NEESETHR TE A R SRR B A Ak
J5 i R 2R ) B R K TN, T E R

2.0

—— fili e F R
1.6 —a— Nar-PC
—— Nar-PC-DPs

0 I ﬁll ‘ 8 I 1‘2 I 16 I 20 I 24
t/min
B8 Z5-BiHhzk (Xt sS,n=06)
Fig. 8 Drug-time curve (Xt S, n=6)
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F= 11 EEAMFSY (XLs,n=6)
Table 11 Main pharmacokinetic parameters (X = S, n = 6)

ZH AL Tilt 2 3 JEORL 24 Nar-PC Nar-PC-DPs
tmax h 4.06%0.65 4.14%0.76 1.95+0.44""#
tn h 6.79+1.22 6.97+1.40 6.85+0.71
Crnax ng'mL™! 458.24+76.97 652.71£126.05" 1 486.99+453.81"#
AUCo- ng-h'mL™! 2 014.65+504.76 3954.23+808.07" 7 644301 390.75"#
AUCo-— ng-h'mL™! 2107.06+532.44 4081.52+£894.69" 7807.14+1 483.29™#

Shh gz #E4ltbE: "P<0.05 P<0.01; 5 Nar-PC 4lLb#: #P<<0.05 *#P<<0.01

*P<0.05 "P<0.01 vs naringenin group; *P<0.05 *P<0.01 vs Nar-PC

HER, FZ TR E—E 8. BIESS
W] G MEVE TR KT T RIS, T AR
W, MBS GMASEERA, BoktERE, F3X
T H O S RS2 B EOR IR . AR IR E &
YE BEkiG, AR SINER S BUA . PRI E
FUEE RN DA P03 [ R 2y itk 5 i AR s AT
i SR, RE A S, 5 SR T R SR T
AR RAE A

BEIE R A TE KR E A S, BRI S &
V] £ AR K R AR ] e IR R A R A
FRESIL R R, [ 4k Bk A B 55 AR T R4 71,
7w AR AR A&, BEARS HTE
P2l SEBRA PR KT o ARIFTOR Nar-PC il %
B AL, AR FE R S KA A, Tk 4 Nar-
PC RAEMRE, HFAH & TERE, EaH 2l
KEBAE =, B AIGIRIE I — MR & 518, %4
AR AR BRI Rz 2% TR

IKTE P AL — MR FH VR A el 0 — HR B ey 1
AR, SR P W S AE T Nar-PC-DPs (2l izt
KT WA, ATRE 2 BT F R Ay 8 P e k1),
ik LG, Fiisk 73/, FIT Nar-PC-DPs Y4
R, Wik VAR . Nar-PC-DPs [ XRPD i
R E2 F o 7 ZEAE i B0, SEME PR v A WL 82
B R = B ERIR SR, BB Nar-PC i 45 B¢ Nar-
PC-DPs Ff-oKfff Nar-PC fEESHr H R 259, AR old®
Nar-PC TG0 8 BURAS, 2 AELE T 20R T 14 I 2 25
VAR E S R

RN ARG £, Nar-PC 76 180 min N 2R
W3y 44.87%, il £ % Nar-PC-DPs J& 60 min i}
RV H ZIE 95.10%, ¥ HIEF A RAE H R
=T Nar-PC. " HE/& T Nar-PC-DPs #' PEG 24t
JRIEIN T Nar-PC w] RN 55K M R o etk , AT
et 725iE s, it — 24 Nar-PC 4 A I

WA= 0] FH R B Al

F1AR 245 5h 245 B R, Nar-PC A48 F EE 15 3
—ERREERRE, TAES Nar-PC H9h0 7 Al £k
T 7K 3 BC R H REAR Ok S), {H T Nar-
PC FHPEECR A R K o L R B0 KRR,
PR T Nar-PC AEFI H EESE mig S, 4 Nar-PC
il % % Nar-PC-DPs J& s fmax ‘2% PEFEHT (P<<0.05),
AJ GEAE BT Nar-PC-DPs IR T 2597 H i R T e
Nar-PC-DPs [#] Crax 2 EEHG I, FIHES Nar-PC-
DPs KIESE i = BRI HEEA G, Ak
N IR AG 25 8390 . Nar-PC-DPs # K23k 1
Tl Bz 2R, X AT R H 2 MR R AL R S R 4 R
Nar-PC-DPs o435 |l 52 28 (VA g 2 L 5 I3 [ I
HEE, fivle TIOR3, Nar-PC-DPs fili & 1 g
AV AL R AR IR, N 1A 2=
RIS Rl R AE Nar-PC-DPs DLE 5 BDIR
TEAE, JoE A WA AL 5y W19 Nar-PC-DPs i
HT T E R MK A R E AT R ), 2% L,
AHEFeE I 5 R 2R 45 & BBD-RSM 4L T Nar-
PC-DPs il % 1.2, T2 a5, A M faE i R AT,
A IRE H AT 2 A e AR P, A AR
& TR R YRS, A2 e T RS
fito J5 7%t Nar-PC-DPs Hik KA P2 S 3E 471
58, M 2GR, N Nar-PC-DPs 2t 8 4T 1)
W ok

ABARE AL FARGEFE TR
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