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Effect of flufenamic acid on solubility, dissolution and
pharmacokinetic behavior of sorafenib in MSNM@SFN
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Abstract: The aim of this study is to investigate the influence of flufenamic acid (FFA) on the solubility,
dissolution and bioavailability of sorafenib (SFN) in the combined administration of the MSNM@SFN and FFA.
The MSNM@SFN&FFA was prepared by mixing the MSNM@SFN with FFA. The solubility, dissolution and
bioavailability of SFN in the MSNM@SFN&FFA complex was investigated in comparison with those of the
MSNM@SFN. This study was performed following the National Institutes of Health guidelines for the use of
experimental animals; all care and handling of animals were performed with the approval of the Experimental
Animal Center of Peking University Health Science Center. The MSNM@SFN&FFA showed no significant influ-
ence on the solubility, dissolution and bioavailability of SFN when compared with the MSNM@SFN. These data
indicated that FFA had almost no influence on the solubility, dissolution and bioavailability of SFN in the
combined administration of MSNM@SFN and FFA, thus providing an experimental foundation for the subsequent
formulation research on the combined usage of drugs.
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# K X-ray 7 8 (powder X-ray diffraction,
PXRD) i £ MSNM@SFN&FFA % /] RigakuDmax/
2400 1%, % % 2 ¥~ Cu-K, radiation (1 = 1.541 nm),
L 40 KV, HL7E 100 mA, % MSNM@SFN&FFA it 1T
M5E, 20334476 Bl 3~40°, $931E 5 4° - mint,

ETIHEENSE (differential scanning calorimetry,
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MSNM@SFN&FFA & SFN R Sh A . B &
3.0 mg SFN ] MSNM@SFN&FFA, 7 5l & T 0.1%
Tween-80 [ A T B W (pH 1.2) 24 0.1% Tween-80 [
N T (pH 6.8) ¥ H /% 600 mL, 7£0.2.5.12.20.
40 F1160 min BURE, HPLC ¥: & SFN IR %

KBRAERAZABE SD KR 6 K, 77 4% i SFN
71 & 20 mg - kg?, # B 45 T MSNM@SFN&FFA, T 0.
0.5.1.2.4.6.8.9.10.12 A1 24 h i [A] s H L2 0.5 mL,
10 000 r - min & .0 5 min, Y& £E 1f 3% 0.1 mL, jn gt /K
FR 0.4 mLYTiE S A, 10 000 r-mint 550> 10 min, B F
5 0.3 mL, Z AT, M TEK H B 0.1 mL 8 75 52 i,
EURE & 20 L, R A HPLC VL HEAT I 52 22 1 i 24 9
£ — I [A] 28 . >R B WinNonlin version 3.1 (Pharsight
Corp., Mountain View, CA) # 4 3E i3 = B8 11 5 25 5

HPLC M E @&ig &M (il Epic C 18, 5 um,
120 A, 250 mm x 4.6 mm; JiZhAH: - 2, 5 - 1% Fig
1% (38:35:27, v/v/v); Al K 265 nm; #E: i 40 °C;
MIE: L mL-min; FEAER: 20 pl.

GitFERE EHEHAxEsER. RARK
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N E AR . $ B SFNIFFA = 411 (w/w) HL i, ¥
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Sylysia: HPMC : DSPE-PEG J}y 1:3:3:3 (w/w/w/w), Tfij
MSNM@SFN&FFA 11, SEN:FFA A 4:1 (wiw). B,
MSNM@SFN&FFA 1, MSNM@SFN : FFA 5 40 : 1
(wiw) .
2 MSNM@SFN&FFA By 12

MSNM@SFN % MSNM@SFN&FFA ] %i 42 il
ELERINFK L. HEF AN, MSNM@SFN k42 N
(5.30 + 0.08) um, MSNM@SFN&FFA [{1#i1% ly (5.43 +
0.02) pm, M55 25 B, 35 FFAXT MSNM@SFN
RIRLAR TP AN P2 A AT AR 5200
Table 1  The particle size of sorafenib (SFN) loaded nanomatrix

drug delivery system (MSNM@SFN) and MSNM@SFN&FFA
(n =3, X x5s). FFA: Flufenamic acid

Complex Particle size/um
MSNM@SFN 5.30+0.08
MSNM@SFN&FFA 5.43 +0.02
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Figure 1 The powder X ray diffraction (PXRD) patterns of FFA,

MSNM@SFN and MSNM@SFN&FFA
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Figure 2  Differential scanning calorimetry (DSC) thermograms
of FFA, MSNM@SFN and MSNM@SFN&FFA

B e 25 LR 2. H1ER AT L, MSNM@SFN H SEN [
VRIS (186.48 +8.28) ng-mL%, I MSNM@SFN&FFA
H SEN [ ¥ fif £ 0N (188.72 £ 0.28) ug-mL:, & 2 ]
AHZE 29 2.24 pg-mL?, B4 2% (1.20 + 0.15) %, 9
P TE K AR IR 22 AR N e Ak, ASTR] pH 264
RV AR 45 R W], MSNM@SFN&FFA 1 SFN [ 7 i
% 5 MSNM@SFN H SFN [ fift FE 45 AR L, 28 1L
INF5%. FIRERBH, I FFAR S M E MSNM@
SFN X SFN F 37 2R

Table 2 The solubility of SFN in MSNM@SFN and MSNM@
SFN&FFA (n = 3, X+ s). PBS: Phosphate buffered saline

PBS Solubility/ug-mL™* Rate of
MSNM@SFN MSNM@SFN&FFA  change/%
pH 1.2 347.68 £ 7.14 340.38 + 3.04 -2.10 £ 0.87
pH 5.0 200.40£9.24 202.47 £ 0.05 1.03+0.03
pH 6.8 258.57 £5.94 258.86 £ 0.14 0.11 £ 0.06
pH 7.4 305.19 + 8.53 294.62 + 0.22 -3.47 +0.07
Deionized water  186.48 + 8.28 188.72 +0.28 1.20+0.15
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HSEN 7E N T H AN T g 9 16 35 R 5 R B 1
MSNM@SFN H' SEN ()37 H B LG, 7T &1 MSNM@
SFN F1 MSNM@SFN&FFA 1 SEN [#9% 47 A JLF- %
BES.
7 KRHFERAAEE

KRB AR 45 T MSNM@SFN&FFA, H: 4k
SFN (1% 1f1L 24 94 52 — I (] ith 2k WL &1 4, 5 MSNM@SFN
SEN ()44 A I 245 34 5 — s (] il 2GR 8L . SR E s =
BER AL 3 25 5) 2 8, 45 R W3 3, 55 MSNM@SFN
SFEN f = 2 24 3)) 2% 5 3 C,0s AUC .t 1 1, A1 LE
MSNM@SFN&FFA H SFEN [ = B2 2 3 2 40 5 H A,
JUPFBAESR .
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2
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Figure 4 In vivo plasma concentration-time curve of SFN after
oral administration of a single dose of MSNM@SFN&FFA at 20
mg-kg* SFN in SD rats (n =6, X £ 5)
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Table3 Pharmacokinetic parameters of SFN after oral administration of MSNM@SFN&FFA (n = 6, X £ ). a: Data were came from reference

16. "P<0.01 vs SFN suspension

Parameter SFN suspension? MSNM@SFN? MSNM@SFN&FFA
Couax l0g-mL*: 0.45+0.08 2.62+0.56™ 2.65+0.20™
toax /N 6.40 + 3.51 7.40 + 3.05 5.00+2.10
AUC,,, /ng-mL*-h 5.61+2.43 43.29 £10.41™ 40.97 +£3.81"
ty, /h 9.85+3.02 10.42 + 0.50 10.73+2.84

1) 40081 Jieb e 4 PR MG B L 1R 28 S R A AR A R
Ak AR PR 25W) 54T 23 & A A B P AR A
PR A, R B M IR (R T SRR R R B

A% R R 2L RT3 R ) #  MSNIM@SFN, HL A5 388 i
SEN VA A FE ISt BE AR Y A= 0 R FE R A, B R
LIRS P e YR Z G R (SR 2 DR 2 P A G
i Fip 9RE 11 4 P 25 250 2 R B, 1% MSNIM@SFN (1) 24 %%
FEABE . [, K MSNM@SFN FlE 884K 51 48 24
YIFFABLG A, R FFA BRI 2 8 58 11
5 MSNM@SFN #7071 I i 8 (4 F 45 &, LU= A 40
e T P 7L R e 88 10T R

BK & 45 245 72 I IR B 6 97 95 1) B T B, 299
29I AE AR R B A 45 24 75 B B 2 I H , BE
i BARIE B G 44 2 A U, R BERIEBRA A AN
ZetE, FIER S EMNZAPEHAR, ZMSNM@SFN
se HAA B SEN 28R, 45 B & FH 1) FFA X % SFN
B HE VS 00 P A B, K AR R R 2R SEN [ 25 30 .
IR, ASHF 7T 2 A5 2% 52 FFA 5 MSNM@SFN 1 SFEN [
TR BE S H RN 25 3N AT NI g, DLRA R IX R &
i FHASEZ I MSNM@SFN (138 7 208

S 6 45 ] OR, FFA X MSNM@SFN H SFN [
WL IS B S AR N 2530 AT 9 LR e s, K
MSNM@SFN 1 SFN F 34 175 25 SR AS 32 1566 15 FH (89 FFA
52 . %45 B85 T B MSNM@SFN&FFA i i
11 L I 8 AR N A 245 30808 T SEER R Al . BT X
I 4548 ), MSNM@SFN 5 FFA 14 2 [f] 44 — [ 44 7 3%
HEATIR A, I AT BT 4 8, ISR RG24
DRI, AN 38 7 VS A B5E 3 HR FE AR N 24 80 447 RN
E AR bR, 125 BB T b, 3B 7 Wik SRR, 0 HAH
AR M T TH AR SR T IR N AT T . Ak, AR
L #2 7 MSNM@SFN Fl MSNM@SFN&FFA 7 fi
12 X-fiT 4t e DSC 1y X 51, 45 & 7x, MSNM@SFN Al
MSNM@SFN&FFA [ F ik el 25 FEEE A — 2, L]
FFA 5] AR 2520 MSNM@SFN FPE . 75 248
2, B F MSNM@SFN&FFA 1, MSNM@SFN : FFA
401 (w/w), B FFA £ MSNM@SFN&FFA H1X 5 %
2.5%. KB, FRA ) 45 5 16 5 T g 24 ok 7 MSNM @
SEN&FFA H H B, [F] I, 2K DA AT 5 SEN AH O 1) 45

s U B S PR HE B 5 B FRA X MSNM@SFN (6 52
RUPE G 2 3 52 .

g5 L RTIR, AW LI B RLE XTS5 . DSC L i
JEE Tt RE TR B N 24 8)) AT A SR UE B, FFA XY
MSNM@SFN F 44 51 o AE AT S 2 B2 0, FRA I 51 A A
SR MSNM@SFN H SEN (1) 38 75 250 J 78 15 1) ¥%
PEo BRI S5 R OZ LA A SRt T 77 i B
XHFo
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