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Effect of Mixed Micelles on Jejunal and Nasal
Absorption Enhancement of Piperacillin
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The purpose of this study was to compare the intrinsic absorptivity of piperacillin in the jejunum
and the nasal cavity, to investigate the effect of bile salts, fatty acids and their mixed micelles
on the intestinal and nasal absorption of piperacillin, to examine the reversibility of bile salt-fatty
acid mixed micelles absorption promoting action and to design an effective intranasal drug delivery
system for antibiotics. And absorption promoters used were bile salts [ sodium cholate (NaC), sodium
glycocholate (NaGC)], unsaturated fatty acids [oleic acid (OA), linoleic acid (LA)] and their mixed
micelles (NaC-LA). The present study employed the i sifu nasal and intestinal perfusion technique
in rats. The apparent permeabilities (P,;) of piperacillin were 0.40+ 0.04 X107° cm/sec (meanz S.E)
in the jejunum and 1.32% 0.08 X107® ¢cm/sec in the nasal cavity, which indicated that intrinsic absor-
ptivity. of piperacillin was greater in the nasal cavity than in the jejunum. When absorption promoters
were used in the rat nasal cavity, the decreasing order of apparent piperacillin permeability (P,
1075 cm/sec), corrected for surface area of absorption, was NaC-LA (4.62* 0.16)>NaC (4.36+ 0.32)
>LAQ2.24+ 0.26)>NaGC (2.17+ 0.21)>0A (1.53+ 0.16). The increase in permeability of piperacillin
was 3.5-fold in the rat nasal cavity and 1.5-fold in the rat jejunum for formulations containing
NaC-LA mixed micelles as compared to those without absorption enhancer. The effect of NaC-LA
mixed micellar solutions was synergistic and was greater than that with single adjuvant. The reversi-
bility of nasal mucosal permeability was observed within approximately 2 hr after removal of NaC-
LA mixed micelles from the nasal cavity. These results suggest that NaC-LA mixed micelles can
be used as nasal mucosal absorption promoters of poorly absorbed drugs.

Keywords— Piperacillin, Nasal absorption, Jejunal absorption, Bile salts, Fatty acids, Mixed micelles,
Absorption promoters
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Figure 1—Typical HPLC chromatogram of piperacillin.
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Figure 2—Semilogarithmic plots of the percentage of
piperacillin remaining versus time in the jejunum and
nasal cavity of rats. Key: O; Nasal cavity, ©; Jejunum
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Table I—Apparent Permeability of Piperacillin in the Jejunum and Nasal Cavity of Rats

Apparent first-order Apparent
Route Adjuvant % Absorbed rate constant permeability
(min~1X107%) (cm/secX107%)
Jejunum none 14.88(1.06y 12.95(1.03) 0.40(0.04)
Nasal cavity none 20.08(1.01) 16.49(0.88) 1.32(0.08)

“Numbers in parentheses denote standard errors (n=3).
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Table TI—Comparison of Absorption Enhancing Effect of Piperacillin in the Rat Nasal Cavity with Different Adjuva-

nts
Apparent first-order
Adjuvant % Absorbed rate constant Apparent permeability
(min"!'X107%) (cm/secX107%)

None 20.08(1.01¢ 16.49(0.88) 1.32(0.08)
10 mM NaC 49.20(2.39) 54.34(4.03)* 4.36(0.32)*
10 mM NaGC 29.23(1.69) 27.03(2.57)* 2.17(0.21)*
5 mM OA 21.14(1.69) 19.11(1.15)* 1.53(0.16)*
5 mM LA 28.95(2.31) 27.92(3.21)* 2.24(0.26)*
10 mM NaC+5 mM LA 50.86(1.16) 57.67(2.00)* 4.62(0.16)*
“Numbers in parentheses denote standard errors (n=3).
*p<0.05, vs. none.
NaC-LA>NaC>LA>NaGC>0A #£2.2 ‘ENtth 1009 X

dAeE WERPANE NaC7h AgmAE  §| ey
LAZ} 5335547 $& ez deh o Y~ —
@52 ¢ Duchateau 5170] @3 At} 270 v\'\

H&g S JepidEd 6379 dEdds ; 50 v
Askehol st A2 FEFAN NaCt ulUotE g ™~

2 7bg =7 FAGT Basdd 29 2 & T

Aol SN gABAL olmdtaE NFE

7} NaCE F4&JAE A48 o PEG 40010}
681 FUIEASS R btz Qo aze
NaCe] #gAdo] NaGCERU =7] wjie] F4=7}
FL Aoz AlgHAR 23 g3t £44L& NaGC
Hul= NaCrl & Aez guidh 18a 954t
F-Exs AL EFv|do] e HHUEFSEH
a7t Fov Aesle Frrrt L @Hdd
o4 NaC, A|2Hto]A LAS Aesled NaC-LA &
S FAAAA PIPY HANEFRY FsaTH
2 A9tk 22 Table Ilo) Ueht ulo} ol
NaC-LA Efvjde] EART71 4.62(£0.16)X107°
cm/secE JER} F5FEAEH7 F4EI4 dE
AHEAINaCYE L) A F7t= A &gtet

NaC-LA Eglojdoll 2|3t PIP &5&EXI& 79|
25014

PIP9] NaC-LA &§u|dd) 93 F4E53a0E
37 v A vas 2FAE JERE RAOEA
Fig 42 PIP7} E4&3A18] ALE-f-50 TAGLOl
13 &xdd Bgs & F At NaC-LA EF
ujde EAwr) FA A 0.60(+ 0.08)X107°
/seco] L B] ol A& 4.62(X 0.16)X107° cm/secE

mm

o} s 30 45 60 75 80 105 120
Time {min)
Figure 4—Effect of NaC-LA mixed micelles on the disa-
ppearance of piperacillin in the jejunum and nasal cavity
of rats. Key: ©; None(Jejunum), @; NaC+LA(Jejunum),
O; None(Nasal cavity), ¥; NaC+LA(Nasal cavity)
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Table T - Apparent Permeability of Piperacillin in the Jejunum and Nasal Cavity of Rats in the Absence and Presence

of NaC-LA Mixed Micelles

Apparent first-order Apparent

Route Adjuvant % Absorbed rate constant permeability
(min~1X107% (cm/secX 1075
Jejunum None 14.88(1.06) 12.95(1.03) 0.40(0.04)
10 mM NaC+5 mM LA 23.17(1.39) 20.37(2.16)* 0.60(0.08)*
Nasal E;avity : None 20.08(1.01) 16.49(0.88) 1.32(0.08)
10 mM NaC+5 mM LA 50.86(1.16) 57.67(2.00)*

4.62(0.16)*

“Numbers in parentheses denote standard errors (n=3).

*p<0.05, vs. none.
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Figure 5—Reversibility of piperacillin after removal of
NaC-LA mixed micelles from the rat nasal cavity.
Key: O—0O; NaC-LA(pretreatment), v—v; NaC-LA(no
pretreatment)
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