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Effect of Amoxicillin on the Intestinal Membrane Permeability and
Absorption Clearance of Benazepril
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Intestinal absorption of P-lactam antibiotics and angiotensin converting enzyme(ACE)
inhibitors has been shown to use the carrier-mediated transport system. In vitro experiments
have established that the efficacy of uptake by enterocytes depends on an inwardly directed
proton gradient. It was suggested that benazepril was mediated by tripeptide transport system
and that amoxicillin was transported by dipeptide transport carrier. The aim of this study is to
assess the influence of amoxicillin on the intestinal absorption of benazepril using in vitro
diffusion chamber and in situ single pass perfusion technique in the rat in order to elucidate
whether the above transport systems are competitive or not. We obtained the gastrointestinal
pemeability coefficient of amoxicillin, benazepril and both of them using in wvitro diffusion
chamber. And also the gastrointestinal absorption clearance of amoxicillin, benazepril and both
of them using in situ single-pass perfusion method at steady state were calculated. Amoxicillin
and benazepril were analyzed by HPLC. The results by the use of diffusion chamber in vitro
indicated that the apparent intestinal permeability coefficient of benazepril was significantly(p <
0.01) decreased by amoxicillin(45.2%) and vice versa significantly(p < 0.01) decreased(89.1%).
The results by the in situ gastrointestinal single-pass perfusion method indicated that the
intestinal absorption clearance of benazepril was significantly(p¢0.05) decreased by amoxicillin
(40.2%) and vice versa significantly(p<0.05) decreased(54.8%). These results might suggest that
they share the same peptide carrier pathway for oral absorption.

Keywords— Benazepril, Amoxicillin, In vitro diffusion chamber, In situ single pass perfusion, In-
testinal membrane permeability, Absorption clearance
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Table I— AReproducibility Data of Amoxicillin

Concentration Inter-day Intra-day
(ug/mi) C.V.(%) (1=3) C.V.(%) (@=3)

1 5.98 3.97

2 6.16 3.30

5 5.31 1.84

10 1.06 2.73

20 1.15 1.69

50 0.50 2.51

100 0.94 1.60

C.V.=100%8.D./mean

Table II— Reproducibility Data of Benazepril

Concentration Inter-day

Intra-day
C.V.(%) (n=3)

(ng/ml) C.V.(%) (n=3)

1 7.25 7.84

2 8.93 7.56

5 8.64 2.78

10 6.32 0.14

20 6.43 4.40
50 2.06 1.59
100 7.52 1.27

C.V.=100%x8.D./mean
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Figure 2—Effect of benazepril on the intestinal mem-
brane permeability of amoxicillin(n=6). The initial
concentration of amoxicillin was 20 ng/mi. Key: ®;
amoxicillin, ©: amoxicillintbenazepril.
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Figure 3— Effect of amoxicillin on the intestinal mem-

brane permeability of benazepril(n=6). The initial

concentration of benazepril was 65 pug/ml. Key: w;
benazepril, O: benazepriltamoxicillin.

Table II— Apparent Permeability Coefficient of Amox-
icillin and Benazeprif’

Papp(cm/min - g intestine)

Papp-alone Papp-combination
Amoxicillin 0.101+0.006 0.011+0.002*
Benazepril 0.042+0.006 0.023+0.004*
*Mean+S.E. (n=6)
*p<0.01
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Figure 4—Effect of benazepril on the outlet con-
centration of amoxicillin during the single-pass
perfusion(n=3). The inlet concentration of amoxicillin
was 20 pwg/ml. Key:®: amoxicillin, O: amoxicillint
benazepril.
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Figure 5—Effect of amoxicillin on the outlet con-
centration of benazepril during the single-pass
perfusion(n=3). The inlet concentration of benazepril
was 65 png/ml. Key:®. benazepril, o: benazepril+
amoxicillin.
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Absorption clearance

Time® Amoxicillin Perfusion rate(mi/min) (mi/min - g intestine)

(mln) Cinb) CoutC) Cout. benad) Qine) Qoutf) Qout, benag> CLa‘ amoxh) CLa, amox+benal)
5 20 15.25+0.47  17.90%0.56 1.91 1.73+0.06 1.75+0.10 1.44+0.04 0.58+0.03
10 20 15.13+0.48  17.89+0.40 1.91 1.76+0.11 1.75+0.19 1.41+0.06 0.58+0.04
15 20 15.60%+1.27  17.23+0.23 1.91 1.756+0.21 1.80+0.09 1.34£0.13 0.61+0.04
20 20 15.91+0.21  16.99+0.43 1.91 1.75+0.21 1.84+0.28 1.27+0.08 0.59+0.05
25 20 15.49+0.46  17.30£0.21 1.91 1.84+0.19 1.86+0.17 1.17+0.08 0.51+0.03
30 20 15.27+0.12  16.80+0.24 1.91 1.87+0.08 1.86+0.17 1.17+0.03 0.59+0.03
35 20 15.92+0.68  17.16+0.17 1.91 1.87+0.08 1.84+0.17 1.0210.04 0.56+0.04
40 20 15.96+0.98  17.26+0.46 1.91 1.80+0.10 1.87+0.11 1.15+0.07 0.51+0.03
45 20 14.51+0.80 17.45%0.24 1.91 1.86+0.19 1.88+0.18 1.37+0.11 0.46+0.04
50 20 14.72+0.70  17.91+0.17 1.91 1.86+0.23 1.87+0.08 1.32+0.11 0.41+0.02
55 20 16.49+0.29  17.25%0.25 1.91 1.84+0.30 1.75+0.20  0.95%0.09 0.68+0.04
60 20 14.60+0.290  17.55+0.27 1.9 1.900.20 1.73+0.07 1.27+0.08 0.661+0.02

Mean 20 15.40+0.18  17.39+0.10 1.91 1.82+0.02 1.82+0.02 1.24+0.04 0.56+0.02

Mean=S.E. (n=3)

Doutlet perfusion rate without behazepril

P0utlet perfusion rate with benazepril

Wintestinal absorption clearance of amoxicillin without

_ benazepril normalized by intestinal dry weight

Dntestinal absorption clearance of amoxgicillin- with
benazepril normalized by intestinal dry weight

ime after 30 min

YInlet concentraton of amoxicillin

“Outlet concentration of amoxicillin without benazepril
YOutlet concentration of amoxicillin with benazepril
“Inlet perfusion rate
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Table V— Intestinal Absorption Clearance of Benazepril”

Time® Benazepril Perfusion rate(m!/min) éﬁ’;ﬁ?gmg f}ﬁgg&?ﬁ

(mln) Cinb) CoutC) Cout, amoxd) QinE) Qoutf) Qout, amoxg) CLa. benam CLa, bena’ramox‘)
5 65 50.83+1.96  55.55+1.57 1.91 1.75+0.21 1.75+£0.10 1.284+0.10 0.69+0.03
10 65 52.45+2,02 54.17+1.06 1.91 1.84+0.17 1.75%+0.19 1.02+0.07 0.76+0.05
15 65 53.25+2.43  56.46%+1.43 1.91 1.87+0.07 1.80+0.09  0.90%+0.04 0.59+0.02
20 65 52.50+£2.91 54.64%2.27 1.91 1.80+0.11 1.84+0.28 1.10+0.07 0.61+0.06
25 65 51.62+£2.84 55.27+2.71 1.91 1.86+0.17 1.86+0.17 1.02+0.08 0.56+0.04
30 65 54.60+2.51  55.59+1.48 1.91 1.86+0.22 1.86+0.17  0.83%0.07 0.54+0.03
35 65 54.08+2.80 55.33+2.14 1.91 1.84+0.28 1.84+0.17 0.90£0.09  0.58+0.04
40 65 52.90+2.73  55.78+1.58 1.91 1.76+0.10 1.87%0.11 1.14+0.06 0.53+0.02
45 65 52.81+3.29  55.30%+2.67 1.91 1.75+0.20 1.88+0.18 1.17+0.10 0.53%0.06
50 65 52.88+£2.74  56.55+1.57 1.91 1.87+0.10 1.87+0.08 0.93%+0.05 0.47+0.02
55 65 53.72+3.26  56.12+1.92 1.91 1.73+0.05 1.75£0.20  1.14+0.05 0.68+0.05
60 65 53.32+£2.33 54.85x2.78 1.91 1.90+0.18 1.73+0.07  0.83%0.05 0.76x0.03

Mean 65 52.91+0.30  55.47+0.21 1.91 1.82+0.02 1.82+0.02 1.02+0.04 0.61:+0.03

"Mean+S.E. (n=3)

DDime after 30 min

“Inlet concentraton of benazepril
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Outlet concentration of benazepril with amoxicillin
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Mntestinal absorption clearance of benazepril without

_amoxicillin normalized by intestinal dry weight

Mntestinal absorption clearance of benazepril with
amoxicillin normalized by intestinal dry weight
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