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In vitro release behavior and in vivo pharmacokinetics of ibuprofen inclusion com-
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Abstract: Objective To prepare thermosensitive in situ gel of ibuprofen (IBU) inclusion complex with
poloxamer and evaluate its release behavior in vitro and in vivo. Methods The IBU inclusion complexes were
prepared by lyopyilization. The poloxamer 407 and 188 were added as a base for the preparation of gel. The re-
lease of inclusion complex gel was evaluated by membraneless models. The pharmacokinetics was evaluated
after intramuscular injecting IBU solution or IBU inclusion complex gel to New Zealand white rabbits. The drug
The loading amount of IBU was 10.24% .

The corrosion of gel and the release of IBU correspond to zero-order kinetics. Compared with IBU solution, the

concentrations in the plasma were measured by HPLC. Results

t,. and t,, were prolonged and C,  was degraded while AUC was enhanced obviously. Conclusion The IBU
inclusion complex gel is used as a good injection with sustained-release which can improve the analgesia and an-
ti-inflammatory effect of ibuprofen. And our study builds up the foundation for the use of water-insoluble drug in
thermosensitive in situ gel.
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1.1 ##
L1.1 {488 X-SF4A75H (Philips X’ Pert, PW3040, 5 Ji
[RIZEAMR B 5 T ) , B F 71 B 3388 (AFM - IPC-208B, 5 K K
%), Aglient1 100 Z 51 = 8508 LG, ¥ VR T8 WL (LGI25, &
HEEF B LK AT, 4 #r K F (METTLEROLEDO
AB204-E) , BA ML (BF2000 54, | i RAABHA RN A,
HBAlK AL Milli-Q Biocel A-10) , 75 255 7R 14 5% ( MLS3750, H
AR=TE)
1.1.2 245 55 TGV 407 pluronic®F127 JP407 ,24
9% ,BASF /A& 1A v 1 188 ( pluronic®F68 ,P188, 25 4,
BASF /A H]) , i SR 40 ( NF200M , 25 9%, FMC A &) , 4 1% 45
(VHEE A B 25, 65 20070924 ), #2 9 SE-B-FA#i K ( HP-B-
CyD, VG2 flisr A=Ak T AT FRA D, 1 5T, - AR X 43 F i it
1 540, FHUAREE 5. 2) , W Z 0% (ol al) , HAv A2 43
Hrati,
1.1.3 s2gshy 6 R@EEH 2 RAfR, iR (2.25 «
0.15) kg, Iy H B R ERI R FLIESIP H 0o
1.2 F&*
1.2.1 IBU-HP-B-CyD 474 JFAv B J 1) il 4
1.2.1.1 IBU-HP-B-CyD £ &4 i) il £ 2 % 531 il 5 ik
PRI IBU 0.43 &, ok 2.2 5 ml %, BRI HP-B-CyD 3.0 g, %
7K 6.0 ml ¥ fif, 40 °C fH IR, %12 7% 0 A 3% 2% 2 BV T,
600 r/min $$1 4 h,0.45 pm GFLIERGTUE  IERS TR T4 (24 h
TP FHE, RARIREE - 35 C 45000 15 °C) iFEE i3 80 Hifi,
Yo OX-GHR AT . WRE &M Cu-K o 85 B E
40 kV i 40 mA 20 FAHEFEIERE 10° ~35°, @AFM 7k,
SRS 2% (15 %0.06 N/m)  43457EH 10. 5 nm x 10. 5 nm,
Bl T %, G3DR A B
1.2.1.2  IBU 540 JEASE 58 1 11 1 2% ZHCHR[3 ] %k
il 25 < 53500 K R TR Jo o vk R AT R ER A 0% 0. 2% 0. 3% |
0. 5% ¥sff T4k, frog &M 5 EWE 0.05% CaCl,
TRFNAZIE , R P407 1 P188, 5+ Mk B 45 5l h 19% Fl 6%
F 4 COKFE I 24 h, 5 29 BB E BB, IR ABERE T A
1.2.1.1 Hil 3 ¢ IBU-HP-B-CyD &4, i & R UK JE hy
5% g, HETE B B MR 5 R ok 1 AR 2 5 4
NS IBU L& R BEE RO VE T A VB .C. Do KEVE WU AR
BIEAE 37 CHRABHRCE 5 min, EWREFEAS HEE
1.2.1.3 K@ 4% IBU 59 e A 58 BB ATE M, 5L
T EE 120 CHUE K 20 min'*
1.2.2 A B YR LI R S T RN 25 ) T il P 2 5%
1.2.2.1 HPLC /Mifdepasy 3% 2%() : Diamonsil 46 Cg
R (4.6 mm x200 mm, 5 pm) S : ZAE/0. 1% BERR K%
W =60/40, 33 R 1.2 ml/min, #EFER 10 pl KRl A 220 nm,

LR VO BRI %% 12 . e ) 10,20 ,40,80,120 wg/ml fy IBU
BRAETR R, FH 8OO (35 4087, 2 Rl b i 2k
1.2.2.2 Jlsi ik B sEn mh AT h S 25 B AT

S35 2 ml A B C.D 4 A4 J7 BIRE TGS (W) il

AR (W, ) ,37 CLR-AF 0.5 h 52528 A PBS 7.4 Z2 0l 2 ml,
PREFEE I RIS TAR A 37 CHEE/KBEIR G A5 5 min 5, B
S . TFERYR Y , 8% 50 r/min, 4351 F 6 .12 24 36 48 60 h
AR b R, ST B T AR FR i (W), #h 3T 2 ml 42
R, AR IE IR IR , SR B BEI o8 A T, BRI R AR TR
(%) =(W, =W)/(W, = W,), e G H R R 175 i
s, A2 RRRUE
1.2.3 SFioh == S lid 2454030 1 228 5T
1.2.3.1 HPLC 43Hi i ik iy @r 3 25 : Diamonsil £ 1
Cis#E (4.6 mm x200 mm, 5 wm) , Fi 304 : B /0. 05 mol/L
i AU K TRV =70/30 , TN 1.0 ml/min, SERERE 10 wl, £
1 :30 C, Kl K 225 nm,

IR 5 ) TRA 38 20 % - B 0. 3 ml i3+ 25048 R,
20 pl 50 pg/ml SUESFRREN AR , 1375€ 30 s, LA 0.6 ml HI
s IR BEPRE Y% 2 min, 15 000 t/min 2.0 10 min, B EEH R A SR
T,100 pl FBIHHE R -

ik JE P 4 bR 1 S R I R A B i, T A
M3 1BU FRAREZS R APIE 1 b 5 EE R,

T i 4 R AV RS T 4 B ZS T ISR 0. 3 ml, K %% i A
20 pl BRI B AR 1) TBU i 4 o 100 R o TBU ik B2 43
R 1.2.3.5.10.20 30 pg/ml, B #2  IiLHARE h f) 40 20
FE” T ARAE , AR S TR 5 N AR 4 09 LU y (As/AD) X I3
HHORE Al VR B (o) FEERAE DA

e s 0 TRTAC 3% A 4 o BBUAS (W) Ve B 19 TBU it 45 WL, T o1
T AR (310,30 pg/ml)3 ASAS R RE 19 SR AE A5 4
i LA St B TR BRI 5 7 AR, B GRS R B A I
1.2.3.2 RN ¥EER 6 HH2 ko, i
Ber RN 2 A, — LT 1 ml 0.5% IBU KWL, 75 — 4L
T 1 ml {1 1BU 45 9 5L BE K (C b T ) o 4390 1 5.15.30,
45 min 1.1.5 2.3 .4.5.6.8.10 h B4 hkHuf 1 ml, {535 2.0
PLAYBS I3 (4 000 r/min, 10 min) o 40 B 5 MM 1.2.3. 1
LR i (R T4 B K 5 0 B SR ARAE , SR AR A AN I ] S Y
(As/AD)  THEEA KUY I 25V

K 3P97 24030 7 2 AR L i ERE AT & R 20D
FIEFRERIG o T4 S0 R X 07 0 A5 28 3+ 53 4 2 43 8 1 24
RSB B AR 2%

2 HR

2.1 IBU-HP-B-CyD &, &4 5 A 2t fisc o ) & 45 R

RIS Y 2 825 5 R 10. 24% WA 2 (25 C)
45.06 x 10° mg/L, J& A4 B 804. 6 1%,

X 4R A7 41 45 5. IBU 7 20 £f 12. 19° .16. 54° [17. 62°,
19.44° 20.11° 22, 28° 24. 55° 4 $RAE A7 5 1% ; HP-B-CyD JC
TREER , WA S A7 5 06, TBU #1 HP-B-CyD ¥y B &4 (W
TR 1: 1) 78 1BU 119 20 £ IO AH AL 5 1 H SRR AT 5 0
R HSR B B W AR, IBU-HP-B-CyD £ IBU 1) 260 #f i) AH B {32
B A HIURHEAT S, R W] IBU B4
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AFM %5 5. HP-B-CyD W 4P3F B 42K 1. 53 nm, 5 HP--
CyD s [ fE 42 (1. 54 + 0. 04) nm — 35 M3 38 75 40 F 1928
FHEAEHR 0.62 nm, 5 CyD H23 [BfE P4E 0. 60 ~0. 65 nmPL ;
RPN g K s e HP-B-CyD (1975 70N, H 32 K i ) 432 728 /X
Hh JEB—4rF HP-B-CyD & —4+F IBU L&Y,

o A B R AS [ ik B 00 8 PR 1 1) TBU A5 45 0 D A7 B8 S 1Y
B ()7 A B.C.D),

2.2 QA RAL B IR AR SN Ak e 2 M B R AR
2.2.1 HPLC Jrik4h G IS AR BB )2l 8.4 min,
W 5 2R RIS B BE R . S5R BoR,7F 10 ~ 120 pg/ml JEF Y
PR BT, M FE Ry = 17.582x +11.19(* =0.999 9) ,
B 10,40 80 pg/ml bRIEVA R T IEAE 6 Y, H WATH [AIAE 545
Wk 0.53% F10.89% ,

2.2.2  JORRE L SLI A, g KRN, IBU-HP-B-
CyD & YR EE RS S tAT I F & B g sh 12 (A ~D
b5 B = 2B 454 0.999 5.0.996 6.0.990 4 .0.996 3) ,
TR R R N S T T 5 A ok L AR L o 9 9 R R BE 38
VI R 02,48 h B A ~ D AT i AR R 43 A 80. 50% |
76.12% 73.62% .67.94% (& 1A) . pyReZG =G5 AT 50, i %
75 M IBU-HP-B-CyD & ¥y I el P B B AT & B R 8h
2R (A ~ D AT 2485 0. 996 4 .0.995 8.0.997 8,
0.997 0) , M BERRAN A S 25 ) Z R LA , Bl 5 W S TR
WS BN, B2 S8 48 h I A ~ D b5 A 25 BRI

FE45 R 79. 83% [75.94% [72.27% 63.32% (| 1B) ,
C —— D
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fty HPLC it

FrEMZ TR v =0.076 12 +0.031 1,7 =0.999 1,2k
W ~30 pg - ml™', EARRGERMT, BRI 2N
0.5 ug - ml™' o HPN L HEAEFSE/NF 10% (3 AHERH N
AN 5.30% \2.24% 1.83% , H 628 543510 9. 17% |
4.85% 5. 01% ), 5 ft {3 -V I (0 ML I o % 0
76.85% 89, 46% 87.42% , WA RGeS PRGBS
FEMELKR
2.3.2 B R 2R LI 3. & 3 KU, IBU
IV TR o 24 e B TV R e T TBU A0 A e A it 243k i S
ikF C,,, FHIZ W REAR, 3P9T R 15 45 R R, IBU-HP-B-
CyD fu & ¥ JE A 5 JiE 40 45 A Two-compartment Model with 1st
Order absorption £ AT R % 1/C7 (r* =0.988 IRl K
0.31), IBU 7/KIFMATTE One-compartment Model with 1st Order
absorption F KU R AL 1(7* =0.999 2, FRAUAEE N 0.22)
BB RIE L,
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*1 AlLEFAE=A%/E IBU KA R IBU-HP-B-CyD G §¥MERHNARNNESE (n=3, x£s)
20 51 Crax( g = ml~1) theak (min) t1,o(min) AUCy (g * min + ml~1) AUCq_o (pg * min - ml~1) MRT ( min)
IBU 7K ¥4l 13.75 £1.20 3.85 +0.86 0.97 £0.30 309.11 +12.18 319.08 +16.71 27.70 £3.22
IBU A& B BEe 4] 5.81£0.65  101.77 £2.59 39.28 +4.72 1619.13 36.51 1 635.81 £48.29 187.49 £5.60

1 T, 5 IBU KSR AR L, IR B v, SE4
C o AR, MRT ZEK: , AUC,, 3801, F WA 9% S5 405 0 A 68 i
FIFEE TR LYY BRI HEN B R, L
AUC,., 718, A Wy I o7 B e A SR AL 8 5. 13 %

3 e

PAO7 B K VEBERE , FEAR N K PE AR BRERBE T 3
Wi g B ) . ARG SF 25 CHPIR R RA
56 me/L, JCIEE R T BEIC P o SR FH B (N B ARA
TERVAS IR ) 7 ks 2 35 B ) R S P B ELRE PR O, PRt
K LRI BT B S A PR B H . &
P BE-B- PR S — PR B A 60 B AR, B K PR
U Je B SRR AR R T A O A, R TSR ) R
T, I R P - B-FORIRE (04 G, A U S50 Al B 2
P

Bali PAOT LR 5 BN KGR D 22, B A
VR, Jey s B I ) 6L, A SCHRR T8 222k FHAE 9
KGR AS B U R N R 2T A R R AR Rk
2 R R MG SRR YA DR TR A e — R R SR SR K
20, BRI, AR A PRGBS A IR TR =
YENT AR IR ZE G $2 R BRI SR BE , HOAS B HAT — e Kl
IR B T S VS Bl P IS ] i/ J Vs o, S
GRS B B 0 1) IR T VA AN RE L
AR LGYIVE T S B AS SRR o SIE R A8 28 K A
25, IR T S A B TP AR, DL ORIIE IR A 2L
PERIE—PE, KB 5 T H A HER B, JCW i ol

IBU-HP-B-CyD {3 & 4 J5 v 58 I i Vs 1 AT R 135 &
TR BN 1507 8 U BEIR A AN UL B e 5 s T LA
(L i 7 6 TR B A R 84 o, 8 o R ARG, YAV VD I
JREHA P T2 7K o5 E N B N RS R 5 L Y, A AR 4
PR K A3 O A, LT b R e gl B,
B RN A R 5 B M N T Al e R P s, D
TIPS R F A Pt A1 38 25 AU BRI P ) R T A+
BERN IR GRS BUE 2 F R
PR, B T e R S 2 A I, B2 R tg . 25
1) SRR TS P B TRk Fie 3R RRL IS ok 23 (8 185 i 14 o, —
BRI HA LR, KUK SR BB IICSZ BEIR T 1k
A

TR H 2 ( membraneless models ) S 98 54 G

e AT Ry e R I 7 s, AL A AE T RE R ADLEE TR
TR N IR PR PR T BB o A o P H AR B, TS
B T JCRRA kR M 480k 7E %5 25 25 W B AT
H ERASTE] X RBURE I Q AN [E] 4T Higuchi J7
TERA 1SR HR y =0.226 9x —0.063 4,7 =0.994 6,
R YIREAT NAF G Higuchi I, X $E7R 7 B
JEEAA B okt B 25 W) RE T B 01 2 5 1R B 1 O 15 4% YDA
Ko

A5G DA B I ) A= 0 R S i v 1) D PR A
T O 8 I5AE 7KV W P ik B A R, 1 FL HP-B-CyD
G WK B RS B AR 5 5 QB R S 5 T 10 S
BEFEE AR, B 2 W« T e Bl A T 2 18 S ol R i
IBU, b — 20 R VRS REAE L s D1 BERR AN 0 T B ML 1
BIUBRER B, ol PR B A R o P e 3 a1

IBU-HP-B-CyD £ & ¥ i A3 58 18 v ik 1 11 AR A7 965
SSRGS B A BN, e RO B 3,
WLV I i S R 3R
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