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ABSTRACT 
This paper describes the simulated gastro-intestinal 
absorption of cefradine, cefalexine and cephaloridine 
through artifical lipid barriers. Cefradine and cefa- 
lexine are usually administrated orally and cephalori- 
dine was only used for parenteral injection. These 
experiments were carried out using a Sartorius absorp- 
tion simulator and a partition coefficient system. At 
pH = 3 cefalexine and cefradine have a better diffusion 
in gastric phase than at pH = 6 in intestinal one. 
Coefficient partition values which were determined 
with Sartorius lipid phases confirmed these previous 
results. Cefalexine and cefradine are amphoteric 
drugs and are found in 9 8  % under Zwitterion species, 
the most liposoluble one at pH = 6 and 75 % at pH=3. 
Kp values were determined at pH = 5 and 6 using the 
surfactant of the gastric phase added to the intesti- 
nal phase. These experiments demonstrated the impor- 
tance of tensioactif agent because the measured Kp 
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2516 DECROIX AND CHAUMEIL 

are about ten times higher than those determined 
without any surfactant. Moreover with this absorption 
simulator, initially used for passive transport, it 
was possible to verify a facilited transport for 
cefradine and cefalexine 

INTRODUCTION 
The purpose of biopharmaceutical investigations for 
oral cephalosporins was to research factors influencing 
bioavaibility of active drugs to optimize their phar- 
macokinetic and microbiological activity. The used pre- 
visional methods to simulate gastro-intestinal absorp- 
tion of drugs is often relatively simple and may pro- 
vide valuable information. 
The aim of this study has been to simulate the gastro- 
intestinal absorption of cefradine and cefalexine 
using a Sartorius absorption simulator apparatus and 
a partition coefficient system. Cephaloridine,a pa- 
renteral cephalosporin has been chosen as a sample 
having an orally weak bioavaibility. The in vitro 
systems permitted to determine the area of the gastro- 
intestinal tract from which absorption was optimal, 
to explain the mechanism and to evaluate the kinetics 
of absorption. 

MATERIALS AND METHODS 

Tested - drugs  
Three cephalosporins were experimented : cefalexine 
(CEX) (Eli Lilly), cefradine (CED) (Squibb) and cepha- 
loridine (CER) (Glaxo). CER is usually administered by 
parenteral injection and the other ones are used for 
oral, intramuscular and intravenous administration. 
CEX and CED are amphoteric drugs and CER is a weak 
acid (Table 1) .  
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Chemical structures of cephalosporins 

R 1 - ! . : - ,  R 3  

CH - R 
4 

0 2 2  
COOH - 

R 1  R 2  R 3  
- 

-C% -H (O)::; 
<->;:; 

C E F A L E X I N E  
pKa = 2,56 

pKa2= 6,88 
1 

- .._ - 

-CH3 -H C E F R A D I N E  - 

pKal = 2 . 5 3  
pKa2 = 7,30 , 

CEPHALO- 

R I D I N E  

pKal = 1,67 

The quantitative measurement of these antibiotics was 
made by an UV spectrophotometric assay at 260 nm for 
CEX and CED and 234 nm for C E R .  These measurements were 
compared with a control curve (1). The chemical stabi- 
lity of antibiotics in the experimental conditions was 
controlled by UV spectrophotometry. 
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Table 2 
Composition of lipid phases 

PH 
~~ ~ 

1 and 2 3 5 and 6 

Lipid gastric phase of 
Sartorius : 
dodecanol 4,2 g + 
surfactant 0,lO g 

+ + t 

Lipid intestinal phase 
of Sartorius : 
dodecanol 0,92 g + 
caprylic acid 4 g 

+ t 

Other lipid phases: 
do de c ano 1 
dodecanol + caprylic 
acid + surfactant 

+ 

+ 

@aiuatigr_l - - - - -  - - - - -  of the in vitro diffusion - - - - -  - 

The Sartorius absorption simulator was characterized by 
two compartments containing 100 ml of a buffered phase. 
The first simulated either the gastric (pH = land 3 )  
or the intestinal (pH = 5 and 6) phase and the second 
one the plasmatic phase (pH = 7.4). The composition of 
these aqueous buffers was describedby Stricker ( 2 ,  3 ) .  
These two compartments were divided by a lipid barrier 
composed with a cellulose nitrate membrane wetted by 
a mixture of dodecanol + surfactant for the artificial 
gastric barrier and dodecanol + caprylic acid for the 
intestinal one (Table 2 ) .  

The experimental procedure consisted essentially in 
following the concentration cephalosporin changes for 
90 minutes in the two compartments. The plasma compart- 
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DIFFUSION THROUGH ARTIFICIAL LIPID BARRIERS 2519 

ment was bound to a spectrophotometric enregistrer 
which permitted to measure directly the increase of 
drug concentration in the recipient. The experimen- 
tation was carried out at 37°C using an initial cepha- 
losporin concentration of 2 g/1 for the intestinal 
simulation and 400 mg/l for the gastric one. These 
constatations were chosen taking in account the usual 
amount obtained after an oral administration of these 
drugs. The diffusion rate constant according to 
Stricker's works (3) or rate constant (Kd), through 
the artificial gastro-intestinal barrier was calcu- 
lated from the slope of the straight line obtained 
plotting the variation drug concentrations in the si- 
mulated plasma phase versus time. 
Kd is obtained according to the following equation : 

1 1 2  111 = - VI I 0  
A I x  

c - c  
C, Kd = 
1 0  t, - t, 

C I I =  concentration of the drug in the second phase 
(mg/ml) 

= concentration of the drug in the first phase at c I o  
the time = 0 (mg/ml) ; 

V I I o =  initial volme of the second phase (ml) 
A = effective barrier area (cm2) 

According to their diffusion drugs can be classified 
in three groups ( 2 ,  3) : 
- drugs with a low diffusion Kd < 1,10-3 cm.m 
- drugs with a medium diffusion : 

- drugs with a high diffusion : Kd > 5.1C1-~cm 

~ J O - ~  < Kd < 5.10-3 cm. min- 1 

-1 n 

-1 min 
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2520 DECROIX AND CHAUMEIL 

Evaluation - -  of-ceehaloneorins- l i p l d - p h a s e l a s u e o u s - ~ ~ f ~  
hyq-paytition - - - - - - - - - - -  coeffjcientz 

The partition coefficients (Kp) of cephalosporins were 
determined using a method derivated from the one des- 
cribed by Reese et al. (4). The antibiotic concentra- 
tions and the composition of the aqueous phases were 
identical to those used in the diffusion assays. The 
composition of lipid phases was described in table 2 
5 ml of the buffered solution containing antibiotic 
were shaken with 3 ml of lipid phase in a stoppered 
pyrex tube at 3 7 ° C  - + l 0 C  using horizontal shaking 
device. After 90 minutes, the two phases were separa- 
ted by centrifugation 3 min at 3000 rpm. The initial 
and final concentrations of cephalosporins in the 
aqueous phase was determined spectrophotometrically. 
The apparent partition coefficient was determined 
according to the following equation : 

co - c 

c O  

Kp = 

Co = initial concentration of the cephalosporins in 

C = final concentrations of  the drugs in the aqueous 
the aqueous phase 

phase. 

RESULTS 
The Kd values obtained by the simulated intestinal 
barrier, pH = 6, are reported in table 3 
For C E D ,  the Kd was 0,7.10-3cm.min-1; for C E X  0,40.10-3 
cm.rnin-l and for C E R  0,17.10-3cm.min-1. These results 
showed a best diffusion for C E D  than C E X ,  but a weak- 
est diffusion for C E R  than the other ones. 
A pH 3 ,  with the simulated gastric barrier (Table 3) 
C E D  had always the best diffusion Kd = 2,16.10-3cm.min 
and C E X  possessed a value a little lower Kd = 1,85.10-3 

-1 
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Table 3 
Diffusion rate constants (Kd) x cm.min -1 

means of 5 values 

PH 1 2 3 6 

cefradine 0,92 1,09 2,16 0 , 7 0  

cefalexine 0,68 0,80 1,85 0,40 
cephaloridine 0,68 0 ,17  

cm.min-'. These two antibiotics diffused better at 
pH = 3 than pH = 6 and they belong to the drugs having 
a medium diffusion, contrary to the CER which had a 
weak diffusion. 
At pH = 1 and 2, experiments with CED and CEX are only 
undertaken because CER was unsteady. CEIl possessed al- 
ways the best diffusion, only it was difficult to classi- 
fy these two antibiotics according to the Strikers 
classification. For CED the Kd's values were equivalent 
at pH 1 and 2 and corresponded to the limit between a 
medium and a weak diffusion. 
The partition coefficients obtained with the lipid 
phases of the Sartorius technique are shown in the 
table 4. Using the Sartorius gastric phase of Kp was 
higher for CED than CEX and the values increased from 
pH 1 to pH 3 .  With the intestinal phase (pH 5 and 6) 
Kp were very minimal CED possessed always higher values 
than CEX. Kp always appeared higher with gastric phase 
than intestinal one. 
Other experimentations were undertaken using lipid phase 
different from those proposed by Sartorius. The determi- 
ned Kpwere noticed in table 5. 
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Tab le  4 
P a r t i t i o n  c o e f f i c i e n t s  (Kp) 

means o f  5 v a l u e s  

PH 1 2 3 5 6 

S a r t o r i u s  l i p i d  
b a r r i e r s  g a s t r i c  i n t e s t i n a l  

Cef r a d i n e  2 , 5 2  4,97  5 , 2 9  0 , 0 9  0 ,11 
Ce f a l e x i n e  1 , 3 7  3 ,19  3 ,98  0,08 0,05  

Table 5 
Partition coefficients with all the lipid phases. 

Lipid phase Partition coefficient 
means 5 value s 

PH 

Cefradine dodecanol 
dodecanol + caprylic acid 
dodecanol + surfactant 3 

Cefalexine dodecanol 
dodecanol + caprylic acid 
dodecanol + surfactant 

indeterminable 
indeterminable 
5,294 

Cefradine dodecanol + caprylic acid + surfactant 1,265 
5 dodecanol + surfactant 0,450 

dodecanol + caprylic acid 0,099 
Cefalexine dodecanol + caprylic acid + surfactant 1,007 

dodecanol + surfactant 0,429 
dodecanol + caprylic acid 0,083 

Cefradine dodecanol + caprylic acid + surfactant 0 . 8 4  
dodecanol + surfactant 0,297 
dodecanol + caprylic acid 0,116 

Cefalexine dodecanol + caprylic acid + surfactant 0,393 

6 

dodecanol + surfactant 0 , 2 8 2  
dodecanol + caprylic acid 0,052 
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PH 

z 

C E F R A D I N E  
c 

CE F ALEX INE 
A 

z 

c CEP HALO R I D I NE 

A 

2523 

1 2 3 5 6 

2,71 22 74 98 88 

97 78 26 0,34 0,032 

- - - 1,29 11,64 

- - - - - 
28,47 33,39 4,77 0,05 0,o 0 9 

71,53 66,61 95,23 99,9 5 99,99 

At pH = 3 ,  Kp because indeterminable without the sur- 
factant of the gastric phase. 
At pH 5 and 6 when the surfactant was added to the in- 
testinal phase, the values found for Kp became ten 
times higher than those observed with any tensioactif 
agent. But if the lipid gastric phase of Sartorius was 
used at those two pH values, the increases of Kp were 
weaker. 

DISCUSSION 
At identical pH results showed that partition coeffi- 
cients are in accordance with diffusion rate constants 
for C E D  and C E X .  The absorption increased over a pH 
range of 1 ta 3 ,  then decreased in presence of intesti- 
nal phase (pH 5 and 6 ) .  Moreover our experiments noticed 
a maximum absorption at pH = 3 .  The table 6 showed the 
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25 24 DECROIX AND CHAUMEIL 

percentage of different ionic species of CEX, CED and 
CER in aqueous solution according t o  the pH. 
At pH 3 for CEX and CED the percentage as Zwitterion is 
approximatively 74 % and as cation 2 6  % .  
At pH 5 and 6, 98 % and88 % of Zwitterion, the most 
liposoluble species, was found and only 1 and 11 % of 
anion were present. Many authors, tried to investigate 
the influence of pH on the intestinal absorption of 
CED and CEX in situ. They reported a maximum absorp- 
tion in the pH range (5 and 6) when the Zwitterion 
concentration of cephalosporins would be at its maxi- 
mum. ( 5 , 6 ) .  
About CER which was a weak acid obeying to the "pH 
partition hypothesis", at pH 6 it was composed of 
ionized molecules. At pH = 3 ,  4.77 % of CER were pre- 
sent as unionized form that could explain its best 
diffusion, The oral way is not used for that main 
reason. There are a few additional arguments confir- 
ming its bad bioavaibility and its use by parenteral 
way. Callaghan et al. ( 7) have shown that CEX and 
CER were not absorbed at the same gastro-intestinal 
level. Their different chemical structures explained 
probably these different level absorption. 
The molecules with the 7-substituent derivated from 
a-aminophenylacetic acid (CEX) were better absorbed 
than compounds in which the 7-substituent was deri- 
ved from a substitued acetic acid without an a subs- 
tituent such as CER (Table 1 ) .  The nature of the 
substituent in the 3-position also influences the ex- 
tent to which a cephalosporin is absorbed orally. At 
3-substituent that is small and closely bound such 
as the methylgroup (CEX) appears to aid absorption. 
For these authors oral upper smal intestine absorp- 
tion depended from a good balance between the substi- 
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tuent in the 3-position and the substituent in the 7 -  
pos it ion. 
Moreover, Muggleton et al. (8) observed a more impor- 
tant destruction of CER than CEX by microorganisms of 
intestinal homogenates. Different authors ( 9, 10) 

have shown on rat in vivo that a small amount of CER 
was absorbed from the stomach and the greater part 
of the CEX and CED absorption took place in the duo- 
denum. 
This fact was confirmed with human subjects. Oral ce- 
phalosporins (CED, CEX) showed a very good bioavaili- 
bity of 80 and 9 5  %.  (11, 12). 
In litterature, there are many experimentations using 
in vitro and in vivo techniques with animals. But a lot 
of studies were found concerning diffusion of antibio- 
tics with artificial barriers. But none researchs using 
oral cephalosporins, particularly amphoteric drugs were 
published with the Sartorius absorption simulator. Many 
authors (13, 14 and 1 5  ) used this simulator especial- 
ly for acid and basic drugs which are passively trans- 
ported substances. 
In order to explain the difference between our results 
that is to say, a maximum absorption at pH = 3 and the 
maximal absorption at pH = 6 observed with animal - in 
vivo, partition coefficients were realized with other 
lipid phases different from those proposed by Stricker. 
Table V shows the importance of the surfactant on the 
cephalosporins diffusion through artificial lipid bar- 
riers. At pH = 3 ,  Kp became indeterminable in presence 
of dodecanol or docecanol-caprylic acid mixture 
without any surfactant. 
At pH 
was added to the dodecanol caprylic acid mixture. 
The Kd and Kp values were the highest ones at pH =3 when 
cephalosporins are found at their maximum ionisation. 

5 ;  6 Kp were about ten times higher when surfactant 
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2526 DECROIX AND CHAUMEIL 

Then the observed passage type was not a passive diffu- 
sion mechanism but a diffusion facilited one by an 
ionic surfactant which would transport ionized 
cephalosporin. 
In litterature many experimentations describing the 
type of CED and CEX passages through the gastro- 
intestinal mucosa either in situ ou ex vivo were pu- 
blished. Tsuji et al. (16) suggested that the me- 
chanism of the intestinal absorption of CED was a 
simple diffusion with first-order kinetics at high 
dose and that it was favorised by a specialized trans- 
port process following Michaelis-Menten kinetics at 
low doses. Kimura et al. ( 5  ) investigated the absorp- 
tion mechanisms of CED, CEX, cefadroxil and cefatri- 
zine in rat small intestine. These experiments demons- 
trated that the absorption rate of the antibiotics 
was saturable. Recently, Kramer (17 ) has demonstrated 
that it exists an interaction between CEX and a mem- 
brane protein in the rat small intestine. This pro- 
tein could be a component of the intestinal system 
responsible for the uptake of orally effective ce- 
phalosporin and dipeptides. This active transport 
was confirmed by Barcina et a1.(18) which investiga- 
ted the effect of CEX and tetracycline HC1 on D- 
galactose absorption in rat small intestine. Both 
antibiotics inhibited D-galactose uptake into isola- 
ted intestinal mucosa in a dose-dependent mechanism. 
Furthermore, both drugs reduced mucosa O 2  consumption 
and inhibited D-galactose absorption when they were 
perfused in a contiguous loop. Tsuji et al. (19, 20) 
studied two new oral cephalosporins of third genera- 
tion, cefixine and FK 089. These antibiotics would be 
absorbed not only following a simple diffusion me- 
chanism but also by a carrier mediated transport 
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system similar to those of dipeptides. This system was 
common to 
of a FK 089 was studied with the rat everted small 
intestine in vitro 

B- 1 act amine s " c e fa 1 ex ine - 1 i ke ' I  . Transport 

CONCLUSION 
Because of the very few works about gastro-intestinal 
passage mechanisms of oral cephalosporins, it has see- 
med important to determine them by in vitro simula- 
tions with artificial membranes. Stricker's resorption 
apparatus initially commercialized for passive trans- 
port has enabled to verify a facilited transport €or 
CED and CEX. Moreover, this device allowed to compare 
the rate diffusion of two identical orally cephalospo- 
rins, which appeared the fundamental parameter for 
their bioavaibility. 
This type of previsional methods has lead towards much 
more detailled animal studies allowing to identify an 
active transport as well as the type of membran carrier 
proteins. The knowing of the passage mechanism has 
seemed to be compulsory at a time where pharmaceutical 
research devotes important efforts to the oral cepha- 
losporins field. The apparition of oral cephalosporins 
from a third generation (cefixime), prodrugs from the 
second generation (cefuroxime axetil, ester cefotiam) 
will enlarge the application fields of those antibio- 
tics. 

REFERENCES 
1. Decroix M.O. "Contribution 5 1'6tude biopharmaceu- 

tique des c6phalosporines". Doctorat d'Etat .Gs 
Sciences pharmaceutiques, Paris V, 1985 

2 .  Stricker H., Arzneim. Forsch., 20, 391-396.(1970). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2528 DECROIX AND CHAUMEIL 

3. Stricker H., Pharm. Ind.,X, 13-17(1973). 
4. Reese D.R., Irwin G.M., Dittert L.W., Lhong G.W., 

Swintosky J.V., J. Pharm. Sci., - 53, 6, 591-59611964). 
5 .  Kimura T., Yamamoto T., Mizumo M., Suga Y., Kitadi S. 

Sezaki H., J. Pharm. Dyn.,fj, 246-253 (1983). 
6 .  De Young J.L., Tan H., Huber H.E., Zoglio M.A. 

J. Pharm. Sci.,E, 3, 320-323 (1978). 
7. O'Callaghan C.H., Ryan D.D., Kirby S.M., Ross G.W. 

J. Med. Microbiol., 3, 521-528 (1970). 
8. Muggleton P.W., O'Callaghan C.H., Ross G.W., 

Ryan D.D., Kirby S.M., 6th International Congress 
of Chemotherapy, Tokyo,pp.544-547 (1969). 

9. Miyazaki K., Ogino O., Nakano M., Arita T., Chem. 
Pharm. Bull., - 2, 25, 246-252 (1977). 

10. Tsuji A., Nakashima E., Asano T., Nakashima R., 
YamanaT., J. Pharm. Pharmacol.,s, 778-780 (1979). 

11. Nightingale C.B., Greene D.S., Quintilliani R., J. 
Pharm. Sci., 64, 12, 1899~1903 (1975). 

1 2 .  Callaghan C.H.; J. Antimicrobial Chemother., - 1, 

13. Ceschel G.C., de Filippis P., Pharm. Act. Helv., 
35, 1-12 (1975). 

56, 9-10, 291-295 (1981). - 
14. Acquier R., Maillols H., Delonca H., J. Pharm. 

15. Bettinetti G.P., Caramella C., Colombo P., Con- 
Belg., 38, 3, 156-161 (1983). 

gr6s Europeen de Biopharmacie et Pharmacocinetique. 
Clermont-Ferrand, 1-3 avril 1981. 

16. Tsuji A., Miyamoto E., Kuzo O., Yamana T., J. 

17. Kramer W. Biochem. Biophys. Acta, - 1, 65-74, 

18. Barcina Y., Alcalde I., Ilundain A,, Larraldi J. 
Drug Nutr. Interact., 5 ,  3 ,  299-307 (1986). 

Pharm. Sci., 68, 7, 812-816 (1979). 

(198.7). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DIFFUSION THROUGH ARTIFICIAL LIPID BARRIERS 2529 

1 9 .  T s u j i  A . ,  Hirooka  U . ,  Tamai I . ,  T e r a s a k i  T . ,  J .  
A n t i b i o t . ,  3 9 ,  11, 1 5 9 5 - 1 5 9 7 .  ( 1 9 8 6 ) .  - 

20. T s u j i  A . ,  Hirooka  U . ,  T e r a s a k i  T . ,  Tamai I . ,  
Nakashima E . ,  J .  Pharm. Pha rmaco l . ,  3 9 ,  - 
2 7 2 - 2 7 7  ( 1 9 8 7 ) .  

2 1 .  Roche G . ,  J .  Pharm. C l i n . ,  7 ,  1, 1 9 7 - 2 0 4  ( 1 9 8 8 ) .  - 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


