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Pharmacokinetics and Correlation Between in Vivo and in Vitro Transdermal Penetration of
Indomethacin Submicron Emulsion Gel

ZHAO Yujiao'?, YAO Yao’, ZHANG Hailong’, WU Cuifang', DENG Zhenzhen', WANG Shengfeng'**
(1.Department of Pharmacy, The Third Xiangya Hospital of Central South University, Changsha 410013, China; 2.Regenex
Pharmaceuticals Ltd., Guangzhou 510670, China; 3.Xiangya School of Pharmaceutical Sciences, Central South University,
Changsha 410013, China)

ABSTRACT: OBJECTIVE To study the pharmacokinetics of indomethacin(IMC) submicron emulsion gel in rabbits and
evaluate its bioavailability and correlation between in vivo and in vitro transdermal penetration. METHODS A modified Franz
diffusion cell method was used to test the transdermal penetration of IMC submicron emulsion gel on SD rat abdominal skin. A
single dose of 10 g (equivalent to IMC 100 mg) submicron emulsion gel or commercial IMC cream was laid on abdominal skin of rabbit
on both sides for an area of 40 cm’. Blood samples were collected from heart at predetermined time points and plasma concentration
was determined by HPLC-UV. Deconvolution method was used to study the correlation between in vitro transdermal penetration
data and in vivo pharmacokinetic data. RESULTS The cumulative transdermal permeation amount of IMC submicron emulsion
gel in vitro for 24 h was twice that of the commercial IMC cream. Compared with the commercial IMC cream, the Tpax, Crax 7112
had no significant differences, the AUC,4 and AUC,_,, of IMC submicron emulsion gel was about twice that of the commercial
indomethacin cream. The in vitro and in vivo correlation coefficient of IMC submicron emulsion gel was 0.930. CONCLUSION
Compared with the commercial IMC cream, IMC submicron emulsion gel can increase the amount of IMC penetrated into blood,
improve the bioavailability of IMC, and the correlation between in vivo and in vitro transdermal penetration is good.

KEYWORDS: indomethacin; submicron emulsion gel; pharmacokinetics; bioavailability; correlation between in vivo and in vitro
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delivery systems, TDDS)#7 1A J& IMC % NSAIDS
R PR AR 25 24538259, B AT IMC 7 TDDS
MEFMHFEELAE. BRI %, BT IMC
VAR /N, M 38 LB R R 7 i N T SR AR Bk
W, HRMBELE B TERER, 45
rid, TSGR, Fit, #AHGERH
K CE SRR PR G T 2 AR . B R
Bk ZE 3% fE /11 IMC TDDS, & H B IMC £ )% #1151
(PRI 90 B S A p o AT BT BB KRN G
FTBE&E, SEEAS RN g, AT EEAL,
Xt R BRI /N, R R, BRI AR E
S50 S, E TDDS Hig 5 5 3 5 0,

AR SZG R WAL A B R, A E
PR fE IMC, 4 Ho A 28 R £<500 nm 930
AL, IR IR EOE N A )2, WIS ik
MR, GBI RN KRS R, GFT
IR PRRURE G, B A R . I
R 253 A AT IMC AL IR 1 A P 25 30 2
PRI G RANE BE AR e, U
4 NSAIDS TDDS ()7 & Fl ot & A 2 A4 -

R EE PR
Fig. 1 Structure of indomethacin
1 XEE5EF
1.1 {3

SHIMADZU LC-2010AHT %Y = %0 A o 3
LA A B HE);  Zetasizer NANO ZS90 F 4K kifz
IFEE GRS A ), IKA T25 md BT Y)pL (s
IKA); EF-C3 = R R AL(INE K AVESTIN A #]);
TGL-16M ¥ il B O HL(K WD R R
F A HE]); TDD-5M 2 B B O WL YD1 A3
IEABRAF]); PHS-25 $73 pH iH( L H B R
EAYBAPRAT]): Tecnai G2 20 H3E i v 7 B i
BI(FEL A 7).
1.2 iR

IMC JE R (KR 28], #t5: 1605105
AR : 97%); IMC XJ R i (b [ 24 A= bl A
Ji, 5. 100258-200904; 4iifE: 99%); JEiH&
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TEEMEINL T mARLA, A5
20150211, 2EJE: 99%); YPME/E E80(Lipoid GmbH
Germany) ; ' # H i = E§ (medium chain
triglycerides, MCT, 2kt 3V 245 FH A R 2 \])s
It A2 R R 0 (I 24 4 Ak 2 iR B R A D) s H v
(BRI A R A ) Rk 934(db ntifFiE &
RGN T s IMC Y738 7L 5 (V0 BH 4 2 1) 24 A PR
Ad, 5. 20160101 Hik&: 1%).

1.3 W

f@RRFER R, &, PR RF SIS i
HE, PR & 2.5~3.0 kg, VFATIUES : SCXK(#)2015-
0004, HH4IES: 43608300000418.

2 FES5%R
2.1 IMC AL B il 2%

YR G 0.25 g, MCT 1.50 g, 85 ‘C/KIB A
fiR5e4, AN 0.10 g IMC $EHH B4 Bub 511583
i BEURERERRSN 0.15 g, H ¥ 0.50 g, MK
Wifl, B 85 CAWBHIMIEIAR A, f3/KH;
KK A A A, = E BT Y] 10 min(10 000~
15000 r-min "), 315 1L &K 2 R LIS R
10~15 (10 000~15 000 psi), 5 FHkifEHN 100~
200 nm ] IMC Y ACAL s ST 2% R A8 934 VK,
= LEERAAA pH & 6~7, BT 5 E IR
G5, BIREZEN 1%0 IMC WEAAL -

2.2 IMC WACFLIR B R AR

ferh E 258 2015 SERRIEN 0631-pH H I 2
%, BB WALFLRE S pH H, AT DK
B 7 23 B 51 JE M 5E pH AH T INEE i X i v
PE, X Bz RS /N o ST AR L BV AL R
IKFERE 100 F5 8 75 43 B35 5 5 F B 7k SORLAR G
JE HAFBIRIAR(MD) 2 73 #iE 2 (PDI) Zeta FLAL .
VA L K T A 7L B A o PR e S Al AL A, H
HPLC-UV JlI5E IMC & & . RIEZRNE 1. 5
BOW LR RE S D, R T M K1, T
BRAFEN TG, ETENHETEMERMG,
MEAR, WHE 2.

1 IMC I IR S R (n=3)

Tab. 1 The characterization of IMC submicron emulsion
and submicron emulsion gel(n=3)

RAE AL WA LI
pH 6.98+0.13 6.86+0.24
MD/nm 140.47+11.01 212.37+8.81
PDI 0.18+0.02 0.28+0.02
Zeta/mV —44.47+3.70 —43.43+1.63
TR/ % 100.25+0.39 99.93+1.28
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2 IMC PHIALKE S BHHE
Fig.2 TEM figure of IMC submicron emulsion gel
2.3 IMC WRFLIE A& i 55 it ag )
oAb PR ) BRORZ [ 8 AR e R 1) Franz 323
Bt R ot A s itz |, AREER . A
SFREL IMC EASFLR AT IMC 2LE 0.5 g 395
WRIE R L, pH 7.4 BERRERZ MV WAE NHEIL
Wi, A 6.5 mL, (37+0.2)° CIHIR /KIS, 200 rmin”"
M FE. 25T 0.5, 1, 2, 2.5, 3, 4, 6, 8,
10, 12, 24 h & HUFE 2 mL, [F) I 4b 70 25 5 [F) 0 4%
0GR SLRIA 0.45 um fFLIE RS EE, HPLC it
BT, T IMC WK % On=(CnV+ X2 Civi )/ A
RGN EREEE 0, A Cn: 5 n DI
BB YIREE . Ci: 5 on—1 DNBURE SRR
WHZYNREE: V. OB ER: vi: BUREER
A: BRIRAE Y B (3.14 cm®). 458 5oR, Wik
FLEH IMC 19 24 h 2RZES & RTHE IMC 5@
FLEH IMC RBUEL &M 2 f5, KU IMC WHMFL
Jie 03 e SR T i IMC @A E, WK 2.
F2 IMC M ILM T HILR BRI E K 5% B (n=6)

Tab. 2 Cumulative transdermal permeation amount of IMC
submicron emulsion and submicron emulsion gel(n=6)

i 8] /h 3 AL FF g em ™ W LI g em ™
0.5 7.23+5.89 10.63+5.89
1 25.08+8.34 34.12+11.41
2 53.98+21.80 74.03+£22.92
2.5 83.17+£30.25 97.82+31.67
3 94.724+37.38 133.02+40.75
4 133.45+53.79 186.00+£67.66
6 182.91+68.38 256.44+90.12
8 275.27+93.24 384.10+144.15
10 290.25+79.18 504.50+90.12
12 364.79+83.94 534.63+206.47
24 653.75+48.95 1311.38+126.83

2.4 IMC WAL R AE S fds 1 1) 245 30 0t

241 HBAUHHEEFRMERE BEKNER R
12 H, BEHLA AR 2 AWML, T m A
B4, A6 X, KBEmMMIERHNEEK, TR

T EBACRI 2525 2019 4E 1 H 55 36 545 1 3

%140 cm*(4 cmx5 cmx2=40 cm?). LI FT A€ 12 h,
H K. 554 T WA FLR A S @ 7L E 10 g(Af
T IMC 100 mg), A MG Z)E 0.5, 1, 2,
25, 3, 4, 6, 8 10, 12, 24 h FLEELMmL,
3000 r'min B0 10 min, B3 T—20 CLEAF.
242 FAIMAENE 7 E T

2421  MRAESACBEITEE RSB R IR
500 pL, 0N AR JE W & T BRI R 20 pL
(10.0 pg'mL™"), BN 10% KH,PO, ¥ 200 uL,
WHE 1 mine NN ZR ZHE 2.5 mL, A 2 min.
PR 3 000 rmin ' 850 15 min, "WEL FiE W
40 CHEAMT, 0100 pL HEERE, 20 pL #EFE
AT

2422 @& ERGEHERE K%
Hypersil Cig #1:(4.6 mmx200 mm, 5 pm), Ja0IFH:
HBE -0.05% % & 7K ¥ W (70 © 30), Uit i -
1.0 mL-min~', ¥Eif: 40 'C, &K 260 nm,
BEFEE: 20 pLo 70 A AL 35 10 25 IR s
DA MB IS B2 e R R At e Bk
TS RERE AT, LB 3. fEZEIEAM T, AR
PEZR XS IMC 5 WARTCEEM, IMC R B[R] 20
10.0 min, WARTREH IS [H£)74 6.0 min.

A
OIO."I2|5.'4ISI.OI.'_'7|5IIH1&)0II.'
t/min
B
IS IMC
00 25 so 75 T 100
t/min
C
IS
IMC
T - T T 1 T T 1T I T T
0.0 25 5.0 15 10.0
t/min

B3 BREEEERE
A-F AN B-4F A IMLKEIMC+N R C-4A 255 il B o
Fig.3 HPLC chromatograms

A-blank plasma; B-blank plasma+IMC+internal standard; C-rabbit
blood sample after administered IMC submicron emulsion gel.

2423 brdEdhZk KoEE N A B R )
Z 41 IMC ¥ (0.02, 0.05, 0.10, 0.20, 0.50, 1.00,
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TR A H 4% “2.4.2.27 T (il S5 F HERE 4
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1, B IMC 5 WARIUE TR L (V)5 1 253K FE (X)
BEAT Z M 181)H o 45 [ HT7 224 : ¥=0.001 3X+0.125 8
(r=0.998 9), I3 IMC #£ 0.02~5.00 pg-mL™'H
HigmMlLet Ry, RN E2IRERN
0.02 pg'mL ™' (S/N>10).

2.4.2.4  RECEIWCR R A A 2K G R N
0.05, 0.50, 2.00 pg-mL™" [ IMC I FE 5 & 5 4,
¥ “2.42.17 WUR AL, JHi% 24227 TR
kSRR i S EEECH] 0.05, 0.50,
2.00 pg-mL™" ) IMC W% 5 6, IR PIAR 20 pl
Hd “2.4.2.27 TR R S AFRERE /0BT, id3% IMC
PN A (1 o e TR AR s I SR DR THT AR 5 (R 9
(bR T I T AR LU B R R . IR Py @ik
B IMC HJ-F- 3432 B EI 26 53 501 R (86.91+5.87) %,
(84.70+1.68)% , (89.02+3.64)% , RSD(n=15) N
6.46% , M br 1) B2 B[] YR Z  (77.64+5.11)%
RSD(n=15)H 6.57%, LW IR G, HilllE
PAE%, WTEE, [FEEMRERNEER,
2425 WHESRERE  EH 0.05, 0.50,
2.00 pg-mL '] IMC I 3EFES 35 5 4, $542.4.2.17
TUR 7P AT # A, AR AR dh 2ot Bk T, 2
SEE 3d, VFEVEREAH N, HIEEERE, W
ELER AR 3. A% . mREE I ML AE & IMC
H P HIa] RSD #1<15%, i TE 85%~115%N,
FF G LR RE SR ) iR R

R3 mMEHERTIMCHERESHESE

Tab.3 Accuracy and precision of IMC in plasma

¥ K H 1 (n=5) H I8 (n=15)
W - S Wi/ RSD/ MM/ MR/ RSD/
pm He pgml” % %  pgmL! % %

0.05 0.05 96.08 5.44 0.05 95.90 4.70
IMC  0.50 0.49 98.27 4.56 0.48 95.70 3.17
2.00 2.06  103.19  2.84 2.01 100.2 3.53

2.4.2.6 FREM  ACFEBEAEREME: ¥ 0.05, 0.50,
2.00 pg-mL™'ff) IMC I3 FEAE “2.4.2.17 TR 7
VEARHE, 1S3 M A AL, EIRE 0, 24h
JE RN, HEFE MR AR E . 4
R 4, & . SIRE R MR FEA A HE W %= iR
WE 24 h Fa5E,

=4 IMCHRENE
Tab. 4 Stability of IMC

3 R GRRELIE AR E M K 0.05, 050,
2.00 pg-mL ™' ¥ IMC IIAEAE T-20 C b ik
3d G, BEMAE, WIRE 3 KGR R RS R,
IRNJETE “2.4.2.17 DUR iEAbEE, HHdx “2.4.2.27
B N N 2 i = o T - 311 i S N Y e
P, S5 WK 4. GRERW, K. L SRR I
WREAR IR B 3 FGE

KFasE k. 4 0.05, 0.50, 2.00 pg-mL ™

IMC L3¢ REAE T--20 CH A7, T4 30 RELE,
RNJEHE “2.4.2.17 DUFjiEAbE, Hdx “2.4.2.27
TRl KRR b, B R IR FEAR KA A7
ek, 4RNK4, SREW, K. . mkE
L REAR—20 CHUE 30 d Fasg .
243 FRAKRNAZZFHR K IMC AR &
T IMC B AT X R A R4 24 Ja 7R W i 245k
LxZGmT i £k WL 4. ] DAS 3.0 AbFEZi3)2E5
W, BRKANESHIEK S W EEADESH
Oy IVEMSTREA ¢ K556, AUCga4, AUCo. % 57 H
B ERE L (P<0.05)s 1 Coaxs Tmaxs K~ tin 2
SANEA G 2R L (P>0.05). IMC TV fFL L )
AUCo24~ AUC AT IMC ALER 2 5, H
24 h B IMC A FLEE A IMC R & T i
IMC B 7L E 4. YA IMC il 0 7L i Js vl
DA IMC & J 355 i, RIS I 1) 24 47 = 448
I, A O IMC 28 B WRfie AR AR HEHE R T R
FEGT A= PR FH B i v 2 i o

—— TEIMCYFE LT
- [MCIFAFLIK

W /ug-mL!

1
0 4 8 12 16 20 24
t/h

B4 IMCEHARKATEIMCERILTFRREK %N
PP M 25 38 B - e 6] ot 5 (n=6)

Fig. 4 Plasma concentration-time curve of IMC in rabbits
after single transdermal administration of submicron
emulsion gel or commercial IMC cream(n=6)

, o K E 24 h —20°C %% 30d RER 3 K
WPE /ug-mL ~ — ~ — ~ —
¥1{H/pg-mL HE /% )1 /pg-mL T B /% ¥I{H/pug mL THETf /%
0.05 0.05+0.03 95.0 0.05+0.02 100.0 0.05+0.01 97.0
0.50 0.49+0.17 99.0 0.5120.13 101.0 0.49+0.23 99.0
2.00 1.99+0.33 99.8 2.00+0.17 100.1 1.99+0.18 99.5
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£S5 IMC BRI K T E IMC & 8 9% 0925 30 & S 4oxt
bt (n=6)

Tab. 5 The comparison of the pharmacokinetic parameters
between IMC submicron emulsion gel and commercial IMC

cream(n=6)
S IMC WAL W& IMC EFEAH
Crnax/pig'mL™" 2.57+0.89 2.44+1.86
Tynax/h 5.25+2.44 5.2543.01
t12/h 4.70+1.46 7.32+5.69
K/ 0.16+0.06 0.15+0.09
AUCq4/pg-h-mL™" 25.02+8.57" 12.97+8.10
AUC_./ug-h-mL™ 26.29+8.95" 13.11+8.09
¥: UP<0.05,
Note: "P<0.05.

2.5 IMC AL AR B Ak P A A SR P E 5

K H I %6 #2143 % (Deconvolution) X 48 4 28 7
1538 BUHE AN AR N 245 3 2 R E AT R 9 A DG T
o BRARBIBEELL On For, AU L&
ANEFE S AUC B, &ANBE S AUC
AUC . 1 H 2 2UH Fraction Input(R)& v . LKA
FRBEEHLABEENASE Q%) AL R Y,
Fraction Input(R) N HAZ & X, HATLMERT, #3FH
AT FERN Y=0.766 7X—0.918 4(r=0.930). 4 H i1 ¥
d=9 B, IEFE r9001=0.735, r>ro001, KB IMC
A LR AR #1038 Bz 55 4 P IR UGB AT R e PR AR DR A o
3 it

IMC JMEETE NSAIDS,  ASHF 704 e i 4%
RLAZ AT 45 LA LA 7R, AN AT A N 245900 ¥ e
B, b n, HOKMERER IR % T 54K,
ANV ARG, AT DA I £

22 R I IMC WAL i 5 i IMC
WILEMW Chaxr Toaxr Ko tp WEREEZR, M
AUCq,4, AUC HARZEMZER, UWHAR MK
WA IMC RN 258 %id R, AMEkiBiE
FE IMC AYFIHE R F R IMC AL
B2 1) AUC 072 T8 IMC B FLE 1 200.6%, E9)
FIFREREIN, nIgE2 AL RAR /N 5 i
Jok, RIS G AL e vk AR B0 1 ek imaE v, A
W FEAE 15 A 3 40 /K P Uk BT sl L v BASE I IMC
%R BiER, XU AT —Fh A 7 7
JI0 NSAIDS £ 772 1% M i FEARAS R N I F B

IMC [figvaE TSR, SCirikig! > PiMc & 4
24 J5 AT TE [ R A 2 RO At e, FEZR SRR TN
i, FEL L P BUEIL R . IMC WAL E
B FER, R P B 00 i P22 250 A X T B 38 K
BES, M A G B B4 B
SEI 1N, HEFREEER.

Haf, XT WML #H % TDDS ks

T EBACRI 2525 2019 4E 1 H 55 36 545 1 3

BB EVERE TR %, i A AR A Y A AR SRR E ST
B ARSI ORI R R B AR Bk, AT SR
AREAE. Kk, L ATEM AN SRS, A
11345 A 1 S50 T L A A AT DR 2 A A EE
U8, A RUME SR — AT EEAT s AL A
A% B0 T3 DL S (0 24 30 2 00 o 5544 73
UNEGi0E Rt B R RN T Y
IMC WAL AR Ah 2 BB @ v S 36 AR A 24 3
FAHRYERT T rh, SRR IMC LR R 44
SR SRNE R AF, UERHT L A A 22 je i 08 T S
T IMC S AL A 1 N 2453 2247 9, J9 NSAIDS
f¥] TDDS HIJT KA SR PP 2 5%
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