kA 28] %] (1995), A1254 A 3.
J. Kor. Pharm. Sci., Vol. 25, No. 4, 353-363(1995)

% HIFEES0 OXl= 0l=249
4ol ™ 5 olTE

UTHSIT OFStThEl *(F) FHEUE FURTA
(19959 109 209 AHH)

-

Effect of Ion-Pair on Jejunal and Nasal Absorption of Cefotaxime
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The purpose of this study was to investigate the intestinal and nasal absorption enhancement
of cefotaxime (CTX) by ion-pairing with counterions and to design an effective oral and in-
tranasal drug delivery system for antibiotics. Counterions for absorption promotion were cationic
surfactants (cetylpyridinium chloride (CP), cetrimide (CT) and benzalkonium chloride (BA)). In
the presence of counterions, the apparent partition coefficient of cefotaxime was increased de-
pending on the molar concentration of the counterions. Anion interference was observed for ion—
pairing of cefotaxime with counterions because of the counterbalance between an anion and coun-
terions. The present study employed the in situ simultaneous nasal and intestinal perfusion tech-
nique in rats. The apparent permeabilities (P,,,) of cefotaxime were 1.43+0.04% 10™ cm/sec(mean
+S.E) in the nasal cavity and 0 in the jejunum, respectively, which indicated that the intrinsic
absorptivity of cefotaxime was greater in the nasal cavity than in the jejunum. When ionupairing
formers were used, the decreasing order of apparent cefotaxime permeability (P, 10° cm/sec),
corrected for surface area of absorption, was as followings® BA (7.50£0.36) > CT (4.92+0.24) ) CP
(3.01+0.17) in the jejunum and BA (22.31+1.36) > CP (18.24+0.81) ) CT (16.22+1.87) in the
nasal cavity. The increase in permeability of cefotaxime was about 13-fold in the rat nasal cavity
and was marked in the rat jejunum for ion-pairing with counterions as compared to those
without ion—pairing. The damages of jejunal and nasal mucosal membrane by counterions were
observed within approximately 2hrs after removal of ion-pair of cefotaxime with counterions from
the nasal cavity and jejunum. These results suggest that CP can be used as an ion-pairing form-
er in the jejunum and CP and CT can be used as ion-pairing formers in the nasal cavity for
cefotaxime, as well as for poorly absorbed drugs with a negative charge due to ionization.

Keywords— Cefotaxime, Ion-pair, Jejunal absorption, Nasal absorption, Absorption exhancement
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Table I— Effoct of Counterion lon-Pairing on the Apparent Partition Coefficient of CTX (1x 10°M)

. Conc. of Apparent Partition .
Counterions Counterions Coefficient Ratlo
None 0.0559 (0.0028)* 1

1X10°M 0.1240 (0.0125) 2.2218
Cp 5x 10M 0.4856 (0.0180) 8.6869
1X10'M 0.1549 (0.0050) 27711
CT 5x10"M 0.3330 (0.0286) 5.9571
1X10"M 0.1351 (0.0062) 2.4168
BA 5x10"M 0.4220 (0.0091) 7.5492
10X 10°M 0.6328 (0.0156) 11.3202

*Numbers in parentheses denote standard errors. (n=3)
p<0.05, vs. None
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Table I1— £ffect of Anion on the Apparent Partition Coefficient of CTX-Various Cation lon-Pairing (CTX=1x 10

‘M. TA and Cations=1x 10°M)

Compound Apparent Partition Coefficient Ratio
CTX 0.0559 (0.0028)* 1
CTX+TA 0.0530 (0.0043) 0.9481
CTX+CP+TA 0.1391 (0.0042) 2.4884
CTX+CT+TA 0.1494 (0.0081) 2.6720
CTX+BA+TA 0.1505 (0.0120) 2.6852

* Numbers in parentheses denote standard errors. (n=3)
p0.05, vs. CTX
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Figure 1— Semilogarithmic plots of the percentage of
CTX remaining versus time in the rat jejunum and
nasal cavity from the in situ perfusate at 37°C.

Key : ®: Jejunum, VV: Nasal Cavity

HIEEHAO| B89 Koy

CTXie AFFaIA] Aol BePgats] As4do] Zn
Afge) A7) Wil FuelA F571 = e
t}. o] AHoME RgAJol R CTXY F4539 &
& D) Aslel T WM in situ BA
AFNS o] &3l vlm AESAT} In situ BFAE
o) AEES AR ek BN A% BPeNE A
3 57 HA Egkm, Bl Fig. 13 el 13}
FE42 wgeh o) 429 7)871=RE 145w

F2 FEEa 2 Q) o8l e RFFFEE
g 4 gle 2R|EREE A& Table
M= ol wl7della CTXY FH =% 1.43+0.004%
107 em/sec2A] WAl AT 57} wlo] FA R 1
7ol FR9] SolAol de o= veit ole
vA o] wlAgRI FRET Bol #¥H 3lx,
=g vgute] G @RSt g ECH BolA
F54n @ F580] A Ve R o2 Algdnt

ol 240) 2|8t MIEEIAS E-ETST

Fig.2%} Fig.3& CTXe} witho]&7to] o] 245 &
sl in situ BFPE 0|83t BF 9] FAF WA
el A BAld] F238 AREA Fig2e 373l
A, Fig.3& B17ZollA in situ B7459] CTX %
o] AZEE-S A7t ue} SAIR AR2A 13 24
d WS & F It o] TZEHE T3 1AL
=Aet B3l Table VS 2tk Table IVellA
vehd vie} o] FAA L] 1XEEATE BA)
CTCP, 3 3% BA)CT)CP &2 Jehyth
& u)7hlell A= Table Volldgl Zo] 121534
= BAYCP)CT, E3%+= BAXCP)CTY £2.2 Je
with ole} 2 AzleA BAZL T L udlA &
FERAZN7L 71 $& 202 YENIT

MIZEtA DL HHCfO|221e] O|2M Mo <ist
Za 9 HFE0 CHst &4F It

Table I— Comparison of Percentage Absorbed, Apparent First-Order Absorption Rate Constants and
Apparent Permeabilities of CTX through the Rat Jejunum and Nasal Cavity from In Situ Perfusing Solutions at

37°C. Each contains 24 pg/ml of CTX (CTX = 1X10"M)

Rout Percentage Apparent first-Order PAppars-IllFt

oute Absorbed(%) Rate Constant ermeability
Jejunum 0 0 0

Nasal Cavity 10.30 (1.00)* 0.89 (0.06) 1.43 (0.04)

* Numbers in parentheses denote standard errors. (n=3)
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Figure 2— Semilogarithmic plots of the percentage re-
maining of CTX as ion-pairs with counterions versus
time in the rat jejunum from the in situ perfusate at
37°C.
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Figure 3 — Semilogarithmic plots of the percentage re-
maining of CTX as ion-pairs with counterions versus
time in the rat nasal cavity from the in situ perfusate
at 37°C.
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Table IV— Comparison- of Percentage Absorbed Apparent First-Order Absorption Rate Constants and
Apparent Permeabilities of CTX through the Rat Jejunum from In Situ Perfusing Solutions of CTX-Counterfons
at 37°C. Each contains 24 #g/ml of CTX (CTX=1x 10°M. Counterions=1x 10°M)

Compound Apparent Partition Coefficient Ratio
CTX 0
CTX+CP 26.90 (1.81) 2.55 (0.04)
CTX+CT 35.22 (2.49) 4.17 (0.42)
CTX+BA 5471 (3.28) 6.36 (0.55)

* Numbers in parentheses denote standard errors (n=3).
p€0.05, vs. CTX

Table V— Comparison of Percentage Absorbed. Apparent First-Order Absorption Rate Constants and
Apparent Permeabilities of CTX through the Rat Nasal Cavity from In Situ Perfusing Solutions of CTX-
Counterions at 37°C. Each contains 24 pg/mf of CTX (CTX=1x 10"M. Counterions=1x 10°M)

Percentage Apparent First-Order Apparent
Compound Absorbed Rate Constant Permeability
(%) (min*x107) (cm/secx 10%)

CTX 10.30 (1.00)* 0.89 (0.06) 1.43 (0.04)
CTX+CP 74.67 (2.61) 11.38 (0.74) 18.24 (0.81)
CTX+CT 70.37 (5.40) 10.12 (1.27) 16.22 (1.87)
CTX+BA 82.79 (1.15) 13.92 (0.90) 22.31 (1.36)

* Numbers in parentheses denote standard errors (n=3).
p0.05, vs. CTX

J. Kor. Pharm. Sci., Vol. 25, No. 4(1995)
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Table VI— Comparison of Percentage Absorbed, Apparent First-Order Absorption Rate Constants and
Apparent Permeabilities of CTX through the Rat Jejunum from In Situ Perfusing Solutions after Pretreatment
with CTX-Counterions at 37°C. Each contains 24 fg/ml of CTX (CTX=1x10°M. Counterions=1x 10°M)

Percentage Apparent First-Order Apparent
Compound (Pretreatment) Absorbed Rate Constant Permeability
(%) (min*x10%) (cm/secx 10%)
CTXXCP o . 0 0
CTXXCT 27.20 (2.38) 2.73 (0.03) 1.61 (0.10)
CTXXBA 24.21 (1.89) 2.05 (0.02) 1.12 (0.09)

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

Table VII— Comparison of Percentage Absorbed. Apparent First-Order Absorption Rate Constants and
Apparent Permeabilities of CTX through the Rat Jejunum from In Situ Perfusing Solutions after Pretreatment
with CTX-Counterions at 37°C. Each contains 24 pg/mi of CTX (CTX=1x 10"M. Counterions=1x 10°M)

Percentage Apparent Firgt-Order Apparent
Compound (Pretreatment) Absorbed Rate Constant Permeability
(%) (min*x 10 (cm/secx 10%)
CTXXCP 20.55 2.14)* 2.02 (0.02) 3.24 (0.21)
CTXXCT 21.23 (2.0D* 1.97 (0.03) 3.16 (0.18)
CTXXBA 59.81 (2.12) 7.16 (0.06) 11.47 (0.32)

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