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Use of an in vitro lipolysis model to evaluate type I
lipid formulations

LIU Ying, YI Tao', HUAN Di, XIAO Lu, HE Ji-kui

(College of Pharmaceutical Sciences, Southwest University, Chongging 400715, China)

Abstract: The distribution fate and solubilization behavior of indomethacin through the intestinal tract
were investigated with in vitro lipolysis model, by comparing the Capmul MCM and Labrafil M 1944 CS type [
lipid formulations. The results showed that the more favorable solubilization was in the aqueous digestion
phase from each lipid formulations for indomethacin. The lipolysis rate and extent were decided with chemical
constitution of the lipid excipients, which meant that less indomethacin was transfered from the long chain
polar oil lipid solution into the aqueous digestion phase. Increasing the concentration of indomethacin in the
lipid formualitons from a solution to a suspension led to a linear increase in the concentration of indomethacin
attained in the aqueous digestion phase from lipid formulations. This study also implied that adverse effects
of the lipolysis rate and extent on drug absorption were could be taken into consideration when screening
lipid formulations. Lipid suspensions likely had better enhancement of drug absorption. Last, this study
demonstrated that a potential basis for optimizing and assessing type [ lipid formulations and also researching
in vivo - in vitro correlations of lipid formulations were provided by an in vitro lipolysis model.

Key words: type 1 lipid formulation; lipid solution; lipid suspension; in vitro lipolysis model; indomethacin
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JHi JO T 1 3 A A e A M YR 2400 1 1 I )
FUFIBE . Pouton SRR I S5 ol 700 1) 2L 1 R0 P
Heor o 4 FRRRY, Ferp T 2 B Sl A
R PER, 298K by 7r Weptie; i iz il sn i &
FALHAE T ARV NG B B K I AL 1 5 R R R
B IR AR A i R A O A, 4 2 B AT W]
WA NIRRT, AR 29, Dk TE
PAT g T RAR 5 57) L AT OGBS A I Y. LA
FERIT S 8 I 24 (1 5 gt B R ) SLAL BE ) S5 4 A
SRR VEAN AR R RS e s b v AT
D4 R e A M AR 5 R e Dk, B B L
Ve, DN I s ST RE S R A 5 AR R A8 AT K VE
gyt

AR A1 T i BT A e W I I I A B g 2% K
FOMAE 5 WIRYE AR AR, S REME A 3t S
WAL IR Sl 70 1 o AR AT R R A IR A5
TIZR G T 1 20 I b 571 245 40 £ o 3 o 3 A0 8 i
TERI I RIEIE A 2, JCH XS IR Bl R 8 2 i 5 24
PR A AR AR LG R AT 9

AR IR PRSP g AL RSSO T 7R fig Jo 51
o T8 B AAT D, WS AR G K (R BRI A T
BEAERR PR ) AN (B IR i
W) XK N SRR A TR, DR ORISR 2y
HHARN BTG, O T B IR o 5 (4 4k 5
GG MIPE A LA S A P9 AR DG BIT FE3R AR 4 o

M5

RFI 5188  Labrafac CC Fl Labrafil M 1944
CS (#£HE Gattefossé 22 7]); Captex 355 Fl1 Capmul
MCM (32 Abitec Arl); —FHIEEIEF -5k
TR (trizma mealate, 5 99.5%), ZFfi it %0 JH TR AM
(sodium taurodeoxycholate, NaTDC, & & 97%), ¥k
H&ME (pancreatin, 8xUSP) (3£ [H Sigma /~ #]); UNERE
(phosphatidylcholine, PC, i 80%, A EIbE K<
#); 4-IR KR (4-bromophenylboronic acid, 4-BPB,
T 97%, KM Alfa AF]); BIWESEF (indomethacin,
IMC, & & 99.5%, dbit &2l AR A ), HAbfh
AR I8 Ky 3 M4

TitraLab pH-stat jif ¢ (854 Y, i 4 [H
HIRA A, H AR E0HL (CPI0OMX Y, HA
Hitachi A #]); So#A R EOHL (Multifuge 1L-R 7Y,
L [E P AE]); Agilent 1200 = 80iAH (0% 240 (MY
JCHE L BAMGIMIES . HBhERERS . Agilent {677 TAE

uli, JE[E Agilent 23 7).

IMC MEM&MEEILEZE (HPLC) &l il
214 Platisil ODS i 4% (250 mm x 4.6 mm, 5 pm);
Easy Guard TiiAE (4.6 mm x 10 mm); JishAH A HEE:
0.4%VKIES IR (80 & 20, v/v); Wik 1.0 mL-min ' FE
A 30 C; A K 260 nm. K] Agilent 1200
SN TE R EE, W kT B R bRk ki)
% RSB R AR MR IR RN [T 2R A G A ST
IMC (1] HPLC & il 5& J77%

BERBRERRBRE® T Iwims & I
W IMC & TR ek, 25, #iE 5 min, B
HE W 5e A . NE TR B I B4 BT 25
B TAR U R, B, WEE S min, @R
Hl.

HAREEED KR IMC AR
1&f Captex 355. Labrafac CC. Capmul MCM Al
Labrafil M 1944 CS [, % J5H0E, 40 C
JK#E 30 min JEKEGEFE S E T 37 CHEURRR KRG T
48 h, 8 000 rmin ' FE.0 10 min, KB FREL FIE W,
SR B ARG H HPLC ke, B VAR . [n
VEME IMC ZETH AL (trizma mealate 50 mmol-L ™'\
NaCl 15 mmol'L'. CaCl,,2H,O 5 mm01~L_1, pH
7.5)s BHERE A IRAHEHT (5 mmol- L™ PC ¥ 1-2%¢%
A w ST B R b, e % 28 R AT RIS
B R B OIS, NN 20 mmol-L™' NaTDC 4
WALV 10 mL, BEFE 12 h B2 R (008 W,
NaTDC/PC) =% 1 R 5t il 750 8 4 5 1 7K 1k 3 SO
R R L

{RSNE SRS A pH-stat i 24X (1HE pH 7.5,
37 °C, 0.2 mol-L™" NaOH {if i) HEIMASMNE 1L SL 5K,
4 IMC IR SO AR & 7 il in A\ i& & NaTDC/PC
o, pH % 7.5, 700 rrmin ' (37 'C) F#Ht4E 15 min J5,
IO 24T 10 000 TBU (1 TBU 24T &R0 4fe 7
fift = TR H W ER =42 1 pmol J iR BT 75 1 BE=) 1)
JEREE IO (1 g B RIREEA T 5 mL A6, VK
E#EFE 15 min 5T 1 600xg. 5 °C FEL 15 min, #
£ R3S B IE TR %, 60 min SN
4-BPB (9 pL-mL™") &IERN . s e ol i
AN [ IR T PR30 5 AR AR, T ¥ A 7= I 4E 334 000%g
(37 °C) £ B 20 30 min, 43 257K M4 O <
WARAGTEAH, Zronlille b 2o . WER A A
JE ST A, TR Ak 5 K 2 O %
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FR5i41e
1 IMC B HPLC #&M A35%

IMC 7£ 1.2~240 mg-L™" WPt R, ik nlie
TRl y=25.67212x+11.217 86 (n=8), r=0.999 95,
FITE T B, H N R %% RSD <2.0%, H K%
£ RSD < 2.5%; Mt (101.17 +£0.17) % (n=5).
IMC 1 37 'C. #ECAAT MRaE P R AT
2 HARRE
21 MESBRRMNTARE WA E ik
H (R A P8 2 s T IR TR R ) 2R #2 . Captex 355
F Labrafac CC A4k H i =1, Capmul MCM Al
Labrafil M 1944 CS 437 & B VR A H e A e
P . B3R 1 W7 L, IMC #£ Capmul MCM A1 Labrafil M
1944 CS " L3, BRI 43 1) 326 P 30k 1 0 i ol
% A o 7).

Table 1  Equilibrium solubilities of indomethacin in lipid
excipients. n = 3, X+ s. P < 0.01 vs Captex 355 or
Labrafac CC
Lipid excipient Equilibrium solubility /mg-g”"

Captex 355 5.42 +0.04

Labrafac CC 6.46 £0.18

Capmul MCM 2229 +2.04”

Labrafil M 1944 CS 173 +1.01"

2.2 ZHYITESEILI®. NaTDC/PC R & FH & EK 1%
DEAERRARRE T 2 TR I s oot
YA AE Y, A8 VU g B 7R B R R T 46
PR IRGE ) (R 1), FEUR BRI 22 BRI
R 5 Jg BT 350 o K HEAS PR 259 IMC A1 A4 1A IR Ak
FE, I T 2N 5T A3 A4 5 7K Ak 43 BSORE ) 24 490 1)
A F W 2 TS AL NaTDC/PC (3% 2), thi
FHR IS A5 R BT NaTDC/PC i [ i e
770 JERI AT BB G T A =2 5 IR IR 2R L B

Table 2 Equilibrium solubilities at 37 “C of model compounds
in digestion buffer pH 7.5, in digestion buffer containing BS/PL,
and in blank aqueous phases obtained from drug-free lipid
formulation digests. n =3, X+s. P <0.001 vs Digestion
buffer or NaTDC/PC

Equilibrium solubility at
37 C /ug'mL™!
299.73 £22.15

Phase

Digestion buffer

NaTDC/ PC 2 009.55 +45.92
Aqueous phase from lipid formulation 470230 +323217
digested (Capmul MCM)

Aqueous phase from lipid formulation 495151 +212.65""

digested (Labrafil M 1944 CS)

NEEEAH EAEHI 7 A2 — R AR AR s, AR TR
AR BRI AN FLR S, i SR T 2 I
it B8 7 o IXHE 7 N T ) 110 28 24 1 ] R I LV il e
73, il R JPTTR A

3 {RSMEL KL

31 HUERERLLE H Capmul MCM Fl Labrafil
M 1944 CS I3 (1) g RS Ho m AT A A AL SE 5,
SR A [ I )T A RS BTG 1D R ) R R B (BT 1) AN
[Fi] B[] B P R T8N M 1R 1) PR UK 2 5 s IS I (R AT 2
PERIE, Prf3std (K) Wabirmfeids (€ 3). 441
R, X PIRIIR R S HT 5 min PR 10
JaHENS A . R AL N, Capmul MCM
BT IS R) R TS U7 R () B /2 Labrafil M 1944 CS )
1.65f% (P<0.05, ¥ 1), H Capmul MCM 7H 1t 34 % 1
B Labrafil M 1944 CS (P<0.01, #3), Xn]fgi
T g 2= 7 5 R Capmul MCM & (A
TRA 1, 2, 3- = A 0 P At 7 S P H ek B KU VR A
Y, M EEIR A H S, 1 Labrafil M 1944 CS J2&
AT AN £ 300 28 A i B H I X =
Wi S 58 & ZIER) o RUIRITRR B VR &, A K REAR R
s, H% T Capmul MCM, Labrafil M 1944 CS [¥ig
AR, HLERHE IO AR RS B v, T AR AR R S 4%
/N, NE AR E AN

32 HYTEHEMBENSERITA bl PRGE
THAKT 29 sE e, 43 e PR TR A (250 meg,

Fatty acid titrated/ nmol
. ’\\D
AN

05{f ¢
/ —a— Capmul MCM lipid formulation
—a— Labrafil M 1944 CS lipid formulaltion

0 10 20 30 40 50 60
t/ min

Figure 1 The amount of fatty acids titrated during 60 min
in vitro digestion period for lipid formulations (n = 3)

Table 3 Comparison of the lipolysis rate of lipid formulations.
n=3. P <0.01vs Labrafil M 1944 CS (0-5 min)

Formulation Period/min K/nmol-min~"' R?
Capmul MCM 0-5 128.7" 0.955
6—60 6.346 0.920
Labrafil M 1944 CS 0-5 77.19 0.991
6—60 6.538 0.910
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AR VIR BT 50%) RSN AL 60 min 5, 259
SR ICHE N 23 BOH AR R TIE A P L] . 45
7, Capmul MCM I JF03 500 A4 I 15 v i 24 6 1)
96.26%HE N /K P43 HUAH; 10 Labrafil M 1944 CS Jig it
W A S KPR BR TS 56.7% W25, A
42.3% MR e A (B 2). Bbe] WL, R
Labrafil M 1944 CS Jig FTi# 0 A6 5 7K PE 20 85O 1
fittfie HE e, WG UTE R ZYWRR D (K 2), H2
IS, 4L 60 min JoATIAEAE ARG B £ 1)
AT, A B B BRI T K HE v R 25 4 e kN K
PR BOHIIRE ST, WITASFI T 254 0 i Wi . x4
IR, CETRE AR T B b T I, A Db R B AR A I i
R RUAIE 70 FL 0 A0 R AR B, 5 Sl X T A MR R
BN R ARG (W IR T, T L% LB R e KT 24 W R i
PR BN R S

100+
[ Aqueous phase
Q Il Sediment
S 7541 7 Lipid phase
=
E
= T
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Capmul MCM lipid formulation  Labrafil M 1944 CS lipid formulation

Figure 2 Distribution of indomethacin molecules across the
aqueous phase, sediment of the in vitro digestion model following
lipid formulations (n = 3)

4 RERRARFARE BRIR ERAI bbi

3 K MR RS oA AR ) 3 2 RN 6] (20
TR TR 25%~210%) 1) T 24 A el 50 (A
FEOR IR IR ) AT RN AL S5 . &5 R o, Tl
FHIFRHE A G K PE S ORI 25 B (Dypag py) 2EAS
HBE AT B E (IR 2 S AR 2 LG, DYSpipia)

(42 SR MR N, i B Capmul MCM iR 5 il 51
Diaq py/F138 1 5 06 5 T+ Labrafil M 1944 CS JIg )i
#177) (B 3). Labrafil M 1944 CS Jig 57w 4 J5
IR 53 BORE T 2 WA B IR B NG 52 (Dyag p) mmerease) 7D
TEE T HA R KIEE  (D/Spipid) mcrease)s 11
Capmul MCM JIg BTl 71 () Dyiaq p) merease WK T3
D/Siipid] merease (& 4), IX T BEIE /& HH T~ W8 1) 45 1) 22
S5 5 50 AR S R AN ) 1T e 1811« 5 B TR A
LE, D/Spipia i 19I5 ST B IR ¥ Dpag M 4R & (R
4). XHETR, R TUR B B &, i H L
A AR O W T RETE AT A T 2 O, BN TR A
AT IEIE T BRI, R0 T Edk— D
T UOREARAR AN L S8 B Rl o 55 )

T34, BRI Dyag ey 254006725 KL 53 H50AH
HOR R BE I LL AR /D, B AT 10% (3R 4), ik
T DiSpipiare XL, i IR BRIV 2k 24 nT gk ] LA
Ak 218 T DL 9 A S 7K P 23 HOR 245 9 e B
W, AR WA DO AR I 29 B i R n ok 1k

4 Capmul MCM lipid formulation

300 a Labrafil M 1944 CS lipid formulation .
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Figure 3 Linear fit of drug concentration in aqueous digestion

phases with the increasing of the drug loading in formulation. a:

Drug loading in the formulations expressed as a percentage of the

drug solubility in lipids; b: Drug concentration in aqueous phase

from the lipid formulations digested

Table 4 Concentration of indomethacin in the aqueous phase and the percentage distribution of indomethacin into the digestion phases
after 60 min digestion of different drug loads. a: Drug loading in the formulations expressed as a percentage of the drug solubility in
lipids. b: Drug concentration in aqueous phase from the lipid formulations digested. c: Daqp;at the end of the digestion expressed as a
percentage of the equilibrium solubility in the aqueous phase obtained from a “blank” lipid digest

Lipid formulation D/Spipia)*/% D/S{iipid] ncrease Diaqry /ugmL™" Diaq P} Increase D/Siaq p)/%
Capmul MCM 26.17 1.00 33.17 1.00 0.72
52.48 2.01 76.08 2.29 1.62
207.58 7.93 305.94 9.22 6.51
Labrafil M 1944 CS 32.97 1.00 41.58 1.00 0.84
50.00 1.52 52.22 125 1.05
184.62 5.45 224.16 5.39 4.53
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