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Abstract: The in situ gel systems can form gel in situ after administration to achieve sustained
release, thus provides a promising strategy for drug delivery systems. The aim of this study was to design
and prepare in situ gel systems for the oral delivery of ibuprofen (IBU-ISG) and study its pharmacokinetics
in Beagle dogs. The characteristics of the basic material of gellan gum (Kelcogel, Kel) and sodium
alginate ( Manugel, M) were studied through investigating the complex viscosity of the Kel or M solution
with or without different concentrations of calcium ion or sodium citrate to ascertain the amount range of the
excipients. The measurement of complex viscosity of the solution (0.5% Kel and 1% M) with different
concentrations of sodium citrate and calcium ion was carried out to select the suitable proportion of calcium
ion and sodium citrate. The formulation of binary IBU-ISG was optimized by monitoring the complex
viscosity before gelling in wvitro release property. The optimized formulation contains 1.0% sodium
alginate, 0.5% gellan gum, 0.21% sodium citrate and 0. 056% calcium chloride. A single oral dose of
IBU-ISG and reference formulation (IBU suspension) were given to each of the 6 healthy Beagle dogs,
ibuprofen in plasma at different sampling times was determined by RP-HPLC. The pharmacokinetics

parameters in 6 Beagle dogs were calculated. The T, of IBU-ISG and reference formulation were
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(1.8 +0.6) and (0.4 +0.1) h. The C,,, values were (29.2 +7.6) and (37.8 +2.2) pg - mL™". The
T, were (2.3 £0.5) and (2.0+0.9) h, and the AUC,_, were (131.0 £38.6) and (117.3 +23.1)
pg - mL™" - h, respectively. The binary IBU-ISG was successfully prepared.

Key words: gellan gum; sodium alginate; in situ gel; ibuprofen; pharmacokinetics
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BB LR BB : B8 , 1R 15 FR BEHL ] 5 2R M
Joe it IR 28 i e B AL 75, P9 B A i oR IR AE
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(Kelcogel, Kel, ZE[E Cpkelco, #t5-: 7C9265A) ; 1§
B R 44 (Manugel GHB, M, 2§ ISP A &), #it 5
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(15:85) ;A Uf: (40 £0.5) C5 &M P4 : 220 nm;
Widk: 1 mL - min~'; HEHER: 20 pL, @ ARvERHLR
Mzt HEERPCSRER, FR3HED BIHE
MR E R 99.80., 49.90, 24.95, 9.98. 0.998 FI
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¥R (0.998., 49.90., 99. 80 pg - mL™") 9 IBU #& 5
6 FEA, THH H WA XHAR IR 255 BB RIE 1
W, HEME 6 d, WHE HRIMHENIRERZ, @ F
L2 R R A4 EK: IBU 7£ 0.099 8 ~99.8
pg - mL7 R BIFRM R (A =151 637C +78 367,
r=0.999 8), f&. % .mIKEH M HW RSD 53714
0.53% . 0.25% F10.55% , H |&] RSD 43514 0.45% .
0.31% 1 0. 60% ; [l 24351 & 100. 1% ., 100. 2%
#199.9%,
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JRHE 1 min, I AW[WESESE ZEW (8. 52 pg - mL™")
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0 10 min, @) Hik%H B RAFEEWHER T
PITERAG LBk IBU 72 0.498 3 ~49.83 pg - mL™
W IBU IR 5 ARSI AR HE Y 5E C 2

BB IEL (Y =0.077 9C +0.050 3, 7 =0.99 1) ,
&, . RWEHS H P RSD 251K 7.38%
3.44% 1 2.15%, H & RSD 4> %] % 8.05%.
3.50% F12. 05% , [B] ik 2243 51 Ky 91. 19% ., 98. 38%
98.55% . @ HAFTREMMERSE: 6 H Beagle
RUAB G, HEEVAS R, AARSE
24 h, HEYK, 43R IBU-ISG(IBU 100 mg)
Z A (EMRIR B, 100 mg), YEBBIR 7 d,
ST AZ)E5. 15,30 f145 min, 1, 1.5,
2,3.4,6,8 110 h dyFr REFEIKEUL 2 mL, BZ
FEAEAE.LE D, #E 10 min, 16 000 r - min ™"
B0 S min, SEMY¥, F -20 CTRE, Fo,.
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MR Ca™ WREET, " (ELRE Kel ¥k JEE B 3 X i 1
K, BB Kel BUKHHERE S Ca’ YR EAFE B AR
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Figure 1 Complex viscosity of sample A with different
concentrations of Kelcogel (Kel) as a function of
temperature (1% strain and 10 Hz frequency)
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Figure 2 Complex viscosity of sample B with different

concentrations of Kel as a function of concentration of

calcium ion at 25 C (1% strain and 10 Hz frequency)
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4 ~20 mmol - L™' Py, VEWMY 7" (EFEHG BRI
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Figure 3  Complex viscosity of sample C (0.75%

Kel) with different concentrations of sodium citrate as
a function of temperature (1% strain and 10 Hz

frequency)
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Figure 4
different concentrations of Manugel (M) as a function

Complex viscosity of sample D with

of temperature (1% strain and 10 Hz frequency)

1.2 MMR AREWREMBEY »" FBRENE
ALEH(E 4) R, M 3B EIR S RV B TR T
BRI (0.5% B 1% ) B M BB RE JLTF
AZEEEW, WEE 1.5% Ll LR FERE N T E
H A, (B5 Kel WA H, " ELREAREY 1B &
/N, G5E Kel THFHE, BHE MMIKRE RN 0.5% ~
1.5%,

M EWBAEA RV EALAS B R n” WE S
FOES) BR, BERK n° (HFEE Ca® W BERIIE N
FERIGBD, ST M BB K " EHFE M ¥KE
B AT AR, RAM5 Ca’* EE /R lLik— &
i " A AR, PR 0T EITRE R Ca® Y
Bp 4k 05 B Ca’* BZEARWE . 0.2% . 0.3% Al
0.4% M ¥ BT Ca’ MyEAWE S HH 3. 5
16 mmol - L™, Ht#EM, 0.5% . 1% . 1.5% Fl
2% M WS Ca’" WRAEBEA N 7.5 ~ 30
mmol - L™, MIBRMXH 1% M BEWH n* R
ME6),

1.3 HEBBRMNESESH STEHEHARNBR
(%1% M, 0.5% Kel, MR H R 5.7.5F

16 —— 04%M
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Figure 5 Complex viscosity of sample E with different
concentrations of M as a function of concentration of
calcium ion at 25 °C (1% strain and 10 Hz frequency)
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Figure 6 Complex viscosity of sample F (1% M)
with different concentrations of sodium citrate as a
function of temperature ( 1% strain and 10 Hz

frequency)



+ 960 - 22223 Acta Pharmaceutica Sinica 2008,43(9) :956 —962

10 mmol « L™") , M An A Ca’* ¥ BE /N T HIM BR 4
FIE (YREE) B, Ca™ ¥R B WS LT S W " L
FICE , 2 Ca’* IR B K T Mo i IR 44 O ¥k 5 ), i
Ca’* WREERGIEIN, n" BRI, BEmt, 7 (8RB
BT BT N P R B L2y 10 1, 3R e
MG B A RRICEIERM(E 7). BHik, 4
Jrep Ca " SHIBR 4RI VR B LR/ T 1, AT AR
Tl A2 R0 R
2 EXRITAE

WIFHHEEZS AR, %A L (3" Ex®
M AT A (R 1), Hdr A Ky Kel(%, w/v)
BAM(% ,w/'v)., C R&EA45(1 mmol - L™"), D
FEMNES SRR EE /R LG Y, A BB R
n"{H. Y, Jy IBU SRAMBERUIB I (FEapniE R : 0 ~2
hBHRENO0% ~5% ., 5% ~10% . 10% ~15%
15% ~20% 5% 20% ~ 100% Bt 4351 % 1, 1.5, 2,
2.5F34;2~3 h BB RN 35% ~50% ., 50% ~
55% . 55% ~60% ., 60% ~ 65% . 65% ~ 100% B,
0% ~35% 04334 0.5.1, 1.5, 2 f12.54; 6h
BERBRNE N 80% ~100% ., 70% ~80% . 60% ~
70% - 50% ~ 60% B, 0% ~ 50% Bf4351% 0.5, 1,
1L.5.272.5 50, =F MR Y, ¥453) . Y LA
T, Y =0.3Y, +0.7Y,, Y, 2Rk %5 58 B 8y
Wahtk, Y, EHB/NEAFI TR EMER; Y,

35 —e— 5 mmol-L! Sodium citrate
30 | —8—7.5 mmol-L"! Sodium citrate
5 | T 10 mmol-L! Sodium citrate
20
15
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1* Pa-S

0 s
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Concentration of calcium ion/ mmol-L1

Figure 7 Complex viscosity of sample G (0.5% Kel
and 1% M) with different concentrations of sodium

citrate as a function of concentration of calcium ion at
25 C (1% strain and 10 Hz frequency)

R B2 EO, d  B IR B R R, B
M, Y, BRVT DAVEMT U RE ) LT BRI . 456
Y, tnil, Y, SMEGRELTF, NSRS TR Y 2HE
BN, A, M IERR T LI 4 R AT 4T
38R Y, FRER W KDRFIKIK S A>D
>C>B, BRHAB N AB,C,Dy; 4t 3H8IR Y,, A >
C>B>D, B AN A,B,C Ds; GEATENTEHR Y,
A>D>C>B, BItHAN A,B,C.D;, &5 EHT,
BAEHA N A,B,C,D,, BJ IBU-ISG W ELF H:
0.5% Kel, 1% M. 5 mmol - L™"&{£45(0.056% ) .
7 mmol - L™ #4244 (0.21% ) ,

Table 1 Orthogonal design Ly (3*)

No. A B c D Y,(Pa-S) Y, Y
1 1(0.25) 1(0.5) 1(5) 1(1:1) 1.94 6 4.78
2 1(0.25) 2(1) 2(7.5) 2(1:1.2) 2.94 6 5.08
3 1(0.25) 3(1.5) 3(10) 3(1:1.4) 2.46 5 4.24
4 2(0.5) 1(0.5) 2(7.5) 3(1:1.4) 4.95 4 4.29
5 2(0.5) 2(1) 3(10) 1(1:1) 15.81 3 6.84
6 2(0.5) 3(1.5) 1(5) 2(1:1.2) 5.16 2 2.95
7 3(0.75) 1(0.5) 3(10) 2(1:1.2) 45.88 6 17.96
8 3(0.75) 2(1) 1(5) 3(1:1.4) 11.71 3 5.61
9 3(0.75) 3(1.5) 2(7.5) 1(1:1) 55.21 6 20.76
L(Y,) 7.34 52.77 18.81 72.96
I, (v,) 25.92 30.46 63.10 53.98
I (¥;) 112.80 62.83 64.15 19.12
R; (Y1) 105. 46 32.37 45.34 53.84
L(Y,) 17. 00 16. 00 11.00 15. 00
I (1) 9.00 12. 00 16. 00 14.00
I, (Y,) 15. 00 13.00 14. 00 12. 00
R;(Y,) 6.00 4.00 5.00 3.00
L(Y) 14. 10 27.03 13.34 32.39
IL(Y) 14. 08 17. 54 30.13 25.99
I, (Y) 44.34 27.95 29.05 14. 14
R;(Y) 30.26 9.49 16.79 18.25
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3 R FHER

MRS R (8 8) KH, L4kl IBU-ISG F
pH 1.0 TR WA R P R 2GR B MK T IBU
RS, T pH 6.0 PBS 4t i, IBU BB T 30
min R SE 4, T IBU-ISG MIRT R 6 h 18R
FEEE, ERENFEF,IBU-ISG BB 25 ERFEN
i pH 38 s in (& 9) , EFRH T IBU-ISG 7
AE pH 2% 44 B BB B BE VR € o IBU-ISG 7E pH
1.0, 2.0 71 3. 0 B ERPRYE W F BT U9 ™ {E 5031
A(388.44 £38.00) ,(274.41 +22.68) ,(258.29 =
21.01)Pa - S, il R pH {EARRAUR H B,
YRR .

100
80

60

40 —e— IBU suspension

—&— IBU-ISG

20

Release percentage / %

0

0 2 4 6 8 10
t/h

Figure 8 Cumulative release of ibuprofen (IBU) as a
function of time from in situ gel systems for the oral
delivery of ibuprofen (IBU-ISG) and IBU suspension

at pH 1.0 for a period of 2 h and subsequently at pH
6.0 (n=6)

Release percentage / %

0 2 4 6 8 10
t/'h

Figure 9 Cumulative release of IBU as a function of
time from IBU-ISG at pH 1.0, pH 2. 0 and pH 3. 0 for
a period of 2 h and subsequently at pH 6.0 (n=6)

4 IBU-ISG 7£ Beagle REHHIZ5R31 /1%

Beagle X H flg IBU-ISG 52 . ffill 31 9 1 25 ¥
BE-BiE) i 2k LI 10, R B RB HESHEE 2,
SERFW, 52 HIFIM K, IBU-ISG BEHRT
Ziy ik Rt IR (P <0.05), RER T & E (P <

0.05), [ i IBU A Py 5F ¥ 45 B i} |/} MRT (P <
0.05) &, H Wil K AUC, . LB & xR
(P>0.05), PB3% %89 IBU-ISG BA—ER ZR
BR, B5Z Ll 50 18 o S W ORE B B AR — B
IBU-ISG 7/~ i T i Py AR i 3-8 (P, ) 5 4 0 B )
WL RBRME TR (Q) RABIFHIMRY: F, =
0.890 5Q +3.903(r =0.992 2),

50
_ —a— IBU-ISG
40 —a&— Reference formulation

r
30

20

Concentration/ ug-mL‘1

10

0 2 4 6 é lb
t/h

Figure 10 Mean plasma concentration-time curve of
ibuprofen in dogs after a single oral administration of
IBU-ISG and reference formulation (n =6)

Table 2  Pharmacokinetics parameters of ibuprofen
after a single oral administration of IBU-ISG and
reference formulation to Beagle dogs (n =6)

Parameter IBU-ISG Reference formulation
Cpa/pg » mL 7! 29.2+7.6° 37.8+2.2
Tpa’h 1.8+0.6% 0.4+0.1
T,,/h 2.3x0.5 2.0£0.9
K,/h7! 0.31 0. 06 0.40 £0. 16
MRT/h 4.3+0.8% 3.3x1.0
AUC,_/pg-mL™! +h 131.0+38.6 117.3+£23.1
AUC,_,,/pg-mL™! «h 143.2 £41. 6 125.7 £29.5

* P <0.05 vs reference formulation

Wit

AICR A Kel #1 M B34 T —J08 IBU-
ISG, Kel 5 M 3 0 T BURBIBERL , 76 575 + A
RAETHTEIRS, th T AR T8 5, Bl FIBERE
FETRA 2 He BT , PR i 5 R B I B
LAk pH 35T, 858 7 i R I X HE 2 NI
F, 6 Kel 5 M 533 % A= 38K, 2 WL BP 7% 26 I
BE, B M £ ISG, 72K pH &4 T, BBEAR
K Kel T ; T 550 F Kel, ®UBR BB A K Mo
I, K P A R A TR B R R VAR B
B P BRI B R W RIS B

ISG FAZYHIG # R R 4 B U, R A HERe
JE VT B 38 IR (AR M S R BRI J AR . AR
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SR = e AR {X (TAARES/ RFS) R RIE R %
A AR, T4 " (B T VR SRR LB T
PR X BB R W BE R . DA TR R AR 2
—  IRIEER AT B B ] 25 25 5 v B o R R 3
T BB AL T, Yo T 2L 0 B B 30 A 2 g T DA
%,

Kel %} Ca’* \Mg®* fi{/&, Na* (K" th BB H K
Jie (BB R R TR R & Ca’ "\ Mg™ , Ab 5 R
FIEH Ca’* B R, MR AN Fl B AR FE
L, BAR Ca’* LB ATERGTE, (BilFE Na* FEK
B dE RS S B, H I, Ca’* S ER e H
B0 A5 — R ¥ BB P9 A BB AR I AR 0 B i sl e, B
TR 43 B AR A

T M BAEAR FVR B E ALV B B
PHERERT, RAKZMKERN M % (0.2% ., 0.3%
0.4%), ZEREFHEBBRHEAREKEN M B
(20.5% ) , 75 70 45 B TR0 2 JR 50 e o6 , B8 o
PR T AR H B 5, Tk HIARE T EW
Hf. BEBETFHAR—EREN, WeHREKR
HER () R, R 2 PRV IR X TR, SR RISV M
ZRABENME, AR E —EMSHEE, RICR
FA B ARHR B S2 e 45 R Rk B 45 R R
WM SRR TIRE S M YR ERIE .,
MM B & F AR, RIE B E S s BRe
B E, NIRRT, BB K, KT8k LR HE
WK, BEBLIR] R 38, 25 e 3 m s mvk
B OZERE T R, MR ML RIEL WM R, 45
B FURE K, BUB I EGE , B2 555 $ AT s5 8+
3% NG =2 e B A s O S o 2
HGEE, REHE MR AT b SR E,

BREEELRY  BERKRE TREAN R
H S 2R R A P e TR IR A B R,
S R B S g, BT S
BEAT UM E . IBU-ISG F31 2 h BB &
S pH 1.0 $hERW, IBU EXEE M BRAH, AN
T IBU & F4FER, BEEHAKFARE &M, BZ
FR PRI R AR IE IBU-ISG EBERYRTEE. BLAE, B A
HEHRENAVERNHBRSE —EHEm, =
e B pHE 0.9 ~ 1. 5, 0K E# & J5 pH 7]
¥E3; BHE R R OSSR E AR R
EAMREESHERERNZW, Hit,I1SC HHEx=E
R, Mo, BHENBAEENRENE T, AERE
BT RE R TR AE S 1l 0 5 R 5,

A ATl e R P B B

ISG Mt B MR Y5 TIRA.ERER
B, RSB 4 R R W IBU-ISG B2 4 18;
Beagle RZGABN ¥ LR BIR, 55 Kkl
L, IBU-ISG #E3R T 25 7 1 W Bsf [, ARG 17 0 e B
PR P92 BE B JR] (MRT) B, HIR ISR B 453K,
ViHA IBU-ISG 7 B I BB I , PEARK T 18 ke, 1
PR IBU MZ5¥E E R, EBH T —ENERNER
BOR, BT PREZG IBU FI BB K, E—ER
B BRI T SRR B SR BE A 2 B B SR RIME
FH ISG F T/ 225, HERSR W RBS B4,
A3kt IBU-ISG BRI AE BT A e 550 B B R 5
B/It—ENE%,
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