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Kinetics and Mechanisms of Monolayer Interactions 11: 
Effect of Chain Length of Alkyl Ionic Surfactants on 
Their Interaction with Dipalmitoyl Glycerol, 
Dipalmitoyl Phosphatidylethanolamine, and Dipalmitoyl Lecithin 

FEDERICO A. VILALLONGA’ and EDWARD R. GARRETT 

Abstract 0 The energies of activation of the interaction cf alkyl 
trimethylammonium surfactants with dipalmitoyl glycerol, di- 
palmitoyl phosphatidylethanolamine, and dipalmitoyl lecithin 
monolayers spread at the air-water interface were estimated from 
the increase of the surface pressure with the concentration of the 
injected surfactant. The energies of activation are a linear function 
of the chain length of the injected surfactant for the six-, eight-, 
12-, and 16-carbon chains studied. The ionic grcups of the polar 
hydrophilic moiety of dipalmitoyl lecithin were not equivalent in 
the perturbation that an attached surfactant ion produces in the 
surface pressure of the monolayer. The energies of activation per 
methylene group of the hydrocarbon chain and per polar ionic 
head of the injected surfactant were calculated and were compared 
with those that correspond to  the energies of adsorption of these 
groups at  hydrocarbon-water and air-water interfaces. 

Keyphrases 0 Alkyl sulfates and alkyl trimethylammonium ions- 
interactions with dipalmitoyl glycerol, dipalmitoyl phosphatidyl- 
ethanolamine, and dipalmitoyl lecithin monolayers, kinetics, 
mechanisms 0 Monolayers, dipalmitoyl glycerol, dipalmitoyl 
phosphatidylethanolamine, and dipalmitoyl glycerol-interactions 
with alkyl sulfate and alkyl trimethylammonium ions, kinetics, 
mechanisms 0 Phospholipid monolayers-interactions with long- 
chain surfactants, kinetics. mechanisms 0 Surfactants, long chain- 
interaction with phospholipid monolayers, kinetics, mechanisms 0 
Chain length effect-interaction of alkyl surfactants with phos- 
pholipid monolayers 

The energies of interaction of cetyl sulfate and cetri- 
monium ions with dipalmitoyl glycerol and dipalmitoyl 
lecithin monolayers spread at the air-water interface 
were estimated recently (1) from the variation of the 

equilibrium surface pressure with varying concentra- 
tions of subphase-injected surfactants on the premise 
that the entropy factor calculated on the basis of col- 
lision theory was constant for all species. 

The energies of adsorption at the oil-water and air-- 
water interfaces of homologous series of alkyl sur- 
factants are provided in the literature (2-1 1). These data 
permit the estimation of the contributions of the 
hydrocarbon moiety per methylene group and that of 
the polar head to the total energy of adsorption at  a 
“clean” interface. A clean interface is defined here as a 
liquid- liquid or air -liquid interface without any spread 
monolayer. 

These studies were designed to  determine the de- 
pendence of the maximum obtainable changes in surface 
pressure and energies of interaction of monolayers of‘ 
dipalmitoyl glycerol, dipalmitoyl phosphatidylethanol- 
amine, and dipalmitoyl lecithin with subphase-injected 
surfactants on the numbers of methylene groups and on 
the nature of the charged polar head i n  the injected sur- 
factant. 

EXPERIMENTAL 

Reagents-Dipalmitoyl glycerol’, dipalmitoyl lecithin’, cetyl 
sodium sulfate’. and cetrimonium bromide2 were the same samples 

1 Schwarz/Mann Research Laboratorics, Orangeburg. N. Y. 
2 Eastman Kodak, Rochester, N. Y. 

Vol. 62, No. 10, October 1973 1605 



Table I--Estimated Energies of Activation of the Interaction of Alkyl Sulfate and Alkyl Trimethylammonium Tons with Dipalmitoyl 
Glycerol, Dipalmitoyl Phosphatidylethanolamine, and Dipalmitoyl Lecithin 

Percent 
of 

Methy- 
lene 

Energy of Activation, Groups 
____..__ $, kcal. mole-I . --kcal. group-1 mole-1-- of C. - Interaction ~ --- .---cn - -N+- Inter- 

Lipidic Monolayer Surfactant Ion 6 8 12 16 - C H * -  -SO,- (CH& acting 

58 Dipalmitoyl Cn(z+l) * SO,- - 4 . 8  -6.1 - 8 . 2  -10.7 -0 .58  - 1 . 3  - 

Dipalmi toy1 CnH<~n+l) .Sod- -5 .1  - 5 . 7  -8.6 -10.9 -0.60 -1.2 - 

glycerol 

phosphatidyl- 
ethanolamine 

CnH(zn+1). NYCHz.), -4 .4  -5.8 - 8 . 2  -10.8 -0.63 - -0.64 63 
60 

- - I  . 4  63 
56 

Cn,r,+1).N+(CHa)3 - 4 . 7  -5.9 -10.6 - 1 2 . 0  -0 .78  - -0.1 78 

CnH[zn+i).N+(CH3)a -5 .1  -6.3 -9.1 -11.3 -0.63 
Dipalmitoyl CnH(ln+l) .SO,- - 4 . 2  - 5 . 4  - 8 . 4  -9.6 -0.56 -1.0 - 

lecithin 

a Calculated on the premise that 1 kcal. mole-' is the energy of interaction per pair of methylene groups in close contact (4.2 A) .  

described previously ( I ) .  Dipalmitoyl phosphatidylethanolamine' 
was chromatographically homogeneous by TLC ( 1  2). Sodium 
lauryl sulfate*. sodium octyl sulfate1, sodium hexyl sulfate', and 
dodecyltrimethylammonium bromide3 gave no minima in the curves 
of surface tension against the logarithm of the concentration. The 
octyltrimethylammonium and hexyltrimethylammonium bromides 
were prepared' by the reaction of ti-dimethyloctylamine with methyl 
bromide and ti-hexyl bromide with trimethylamine and were 
chromatographically homogeneous by TLC ( I  3). The hexaneszas 
used 10 prepare the lipidic spreading solutions and the distilled 
water used as subphase fulfilled the requirements described pre- 
viously ( I ) .  

Instruments and Methods-Surface tension was measured with a 
Wilhelmi platinum plate attached to an electrobalance'. Surfxe 
potential was measured with an americium-241 air electrode and an 
electrometer'. The output of the electrobalance and the electrometer 
were fed into a dual-pen recorder*. 

'The experimental assembly and the methods for the measurement 
of the increase of the surface pressure after the injection of the alkyl 
surfactant ion were described previously ( I ) .  The concentration of 
the surfactant solution to be injected was kept below the critical 
micelle concentration (CMC) in all cases. The average values of 
three different experiments for each of three different final con- 
centrations of injected surfactant ions were used for the estimation 
of the slope of the plot of the reciprocal of the change of the sur- 
face pressure at  equilibrium ( I/Area) against the reciprocal of the 
number of surfactant ions per cubic centimeter (I/n) ( I ) .  The 
reproducibility of the changes of the surface pressure was within 
*0.5 dyne cm.-I. All experiments were performed a t  an initial 
surface pressure of the lipidic monolayer of 5 dynes cm.-I (+tO.l 
dyne cm.-l) and a t  22" ( & I  "). 

RESULTS 

The values of the maximum change of the surface pressure (AT,,,) 
were calculated from the intercept, I/Ar,,,, of the plot of the re- 
ciprocal of the surface pressure change at  equilibrium ( I /ArCq)  
against the reciprocal of the number of subphase surfactant ions 
per cubic centimeter (l /n) on the assumption of the continuity of 
the straight-line relationship for surfactant concentrations above 
those used in the experiments in accordance with the equation: 
I/AT., = I/AT,,, + B/Am.  I/n. They are plotted in Fig. 1 for di- 
palmitoyl glycerol, dipalmitoyl phosphatidylethanolamine, and 
dipalmitoyl lecithin monolayers against the chain length of the 
injected alkyl sulfate anions and alkyl trimethylammonium cations. 

Pfaltz and Bauer. Flushing, N. Y. 
Prepared by, K. V. Rao. 
Spectroquality, Matheson. Colcman and Bell, East Rutherford, 

N I  ... -. ; Cahn Division. Ventrom Instruments Corp.. Paramount. Calif. 
' Kcithley Instruments (61Ck), Cleveland. Ohio. 
Speedomax w / l ,  Leeds and Northrup. North Walcs. Pa. 

The maximum change of the surface pressure (AT,,,) is not a linear 
function of the chain length of the injected surfactant ion. The plots 
present distinct muximu in AT,,, at the eightcarbon atom chain for 
the observed cases of the interaction of the positively charged alkyl 
trimethylammonium cations with the monolayers. The plots present 
minima at this same chain length for the interaction of the negatively 
charged alkyl sulfates with dipalmitoyl glycerol and dipalmitoyl 
lecithin monolayers. The minimum may be at  12-carbon atoms with 
dipalmitoyl phosphatidylethanolamine monolayers. 

The energies of activation ($) were calculated on the premise of 
a collision model and a constant entropy factor ( I )  for the interace 
tion of the subphase-injected surfactmt ion with the rnoleculer 
that form the monolayer at the air-water interface. They ahe 
plotted in Fig. 2u for dipalmitoyl glycerol monolayers against ts- 
chain length of the injected alkyl sulfate anions and alkyl trimethyl- 
ammonium cations. The calculated energy of activation for a given 
chain length of the injected surfactant was independent of the 
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Figure 1-Effect of chain length of alkyl surfucturits (C.) on the 
muxinium surJace pressure (AT,,,). Key: ---, ulkyl triniethylamniotiium 
surfuctuiirs interucting with: ( I )  dipalmitoyl glycerol, ( 2 )  dipulmitoyl 
/QCiIhitI ,  mid (3)  dipalmitoyl phospliutidyletlia~iolumine; and -. 
alkyl sulfate surfactants inieructing with: ( 4 )  dipulmitoyl pliosphatid- 
yle~hunolumirie, (5 )  dipolmiroyl glyrerol. und ( 6 )  dipulmitoyl lecithin. 
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Fuure 2-Eflect of chain length of alkyl sulfate (0) and alkyl tri- 
methylammonium (0) surfactants on the energy of actication of their 
interactions with: ( a )  dipalmitoyl glycerol, (6) dipalmitoyl phos- 
phatidylethanolamine, and (c)  dipalmitoyl lecithin monolayers. 

nature of their polar heads within the limits of experimental error 
(3~0 .1  kcal. mole-') and was a linear function of the chain length 
between the studied six- and 16-carbon atoms. 

The energies of activation ($) for the interaction of dipalmitoyl 
phosphatidylethanolamine monolayers were plotted against the 
chain lengths of the same series of alkyl sulfate and alkyl tri- 
methylammonium ions in Fig. 2h, and the results were similar. 

The energies of activation ($) for the interaction of dipalmitoyl 
lecithin monolayers with both series of surfactant ions are given 
in Fig. 2. In these cases, there was a difference between the energy 
of activation of the interaction with the surfactant with the posi- 
tively charged polar head compared with the interaction with the 
surfactant with the negatively charged head at a given chain length. 

This was more pronounced at  the higher chain lengths. The same 
general increase in the energy of activation with the number of 
carbon atoms in the alkyl chain of the injected surfactant ion was 
observed as with the two other monolayers. 

The energy of activation (Table I) per methylene group of the 
surfactant hydrocarbon chain was calculated from the regression 
coefficient of the best straight lines through the experimental points 
of Fig. 2. The energies of activation for the sulfate or trimethyl- 
ammonium groups were calculated from the intercept on the as- 
sumption that the extrapolation of the straight line to C, = 0 (C, 
represents alkyl chain length of surfactant) gives a numerical value 
related to the energy of activation of the polar head group of the 
surfactant ion. The values of the energy of activation per methylene 
group were in the range of from -0.56 to -0.77 kcal. mole-', with 
an  overall average value of -0.63 kcal. mole-'. The values of the 
energy of activation per polar head of the injected surfactant ion 
were in the range of from -0.10 t o  - 1.4 kcal. mole-'. 

DISCUSSION 

Interfacial Phase-It has been suggested (1, 14) that the molecules 
that form these lipidic monolayers at  a surface pressure of 5 dynes 
cm.-' are oriented with the long hydrocarbon chains perpendicular 
to the plane of the air-water interface. The total length of the di- 
palmitoyl glycerol molecule is roughly 26 A measured from space- 
filling models. The length of dipalmitoyl phosphatidylethanolamine 
and dipalmitoyl lecithin molecules, assuming a configuration of the 
phosphatidylethanolamine polar group parallel to the interface 
(see Fig. 9, Reference I ) ,  is roughly 30 A. If the molecules are com- 
pletely submerged in the water phase, the volume of the interfacial 
phase is determined by the length of the molecule times the total 
surface area of the air-water interface, which was 42.54 cm.2 in all 
of the experiments. The concentrations (in moles per liter) in this 
thin crust of water were calculated (Table 11) for each lipid on this 
basis, since the total number of molecules necessary to form the 
monolayer was known. 

The percentage of water in this interfacial phase (Table 11) can 
be estimated from the total volume of the interfacial phase and 
from the volume occupied by the lipidic molecules calculated from 
the length of the molecule, the cross-sectional area of two hydro- 
carbon chains, and the total number of lipidic molecules. Ac- 
cording to the values of Table 11, the interfacial phase can he con- 
sidered to be predominantly hydrocarbon. 

Surfactant-Ion Hydrocarbon Chain-Van der Waals' forces 
between methylene groups of neighboring hydrocarbon chains can 
be calculated from Salem's equation (15): 

where WdtlD is the energy of interaction in kcal. mole-' for each 
pair of methylene groups of neighboring chains. A is a constant 
( -  1.340 kcal. mole-'), I is athe effective distance between carbon 
atoms along a chain (1.253 A), n is the number of methylene pairs, 
and d is the distance between the central axes of the hydrocarbon 
chains, The equation is valid for d 2 4.0 A. The energy of interac- 
tion becomes appreciable when d is less than 7 A and increases ex- 
ponentially with shorter distances as the hydrocarbon chains a p  
proach each other. 

The minimum possible distance betwyn the central axes of two 
neighboring hydrocarbon chains is 4.2 A. From Eq. I .  the energy 
of interaction per pair of methylene groups will be 1.0 kcal. mole-' 
for that distance. 

The contribution to the total enercy of activation that corresponds 
to the hydrocarbon chain for the interaction of the surfactant ions 
with the lipidic monolayers can be estimated by subtracting the 
contribution that corresponds to the polar ionic head from the 
total energy of activation (Table I). On the assumption that each 
methylene group of the surfactant ion that interacts with a methy- 
lene group of the hydrocarbon chains of theorr,olecules that form the 
monolayer is in close contact (i.e.,  at 4.2 A with 1.0 kcal. mole-' 
per pair of methylene groups), these values would numerically 
approximate the number of methylene groups of the surfactant ion 
that interacts with the hydrophobic moiety of the monolayer. 

It was wggested (1) that the first step of the interaction process 
was the attachment of the polar charged head of the injected sur- 
factant ion to the polar or the ionic attraction centers of the hydro- 
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Table 11-Average Values of the Surface Parameters of Dipalmitoyl Glycerol, Dipalmitoyl Phosphatidylethanolamine, and 
Dipalmitoyl Lecithin before Injection of the Surfactant 

Molarity Volume 
of Water 

of Molecules terfacial M~lecular in In- 
at  Interface Phase, Volume. terfacial 

Total Number at ln- 

A2 
p,  mn. (42.54 cm.?) mole I. ' I  A J  Phase, Dynes cm.-' molecule-' AV, mv. 

~~ ~ ~~ ~ ~~ ~ ~ ~~ 

Dipalmitoyl S(3~0.1) 464 f 2) +340(f20) 500 9 . 3  x 10'6  1.4 1014 14.7 

Dipalmitoyl 5(+0.1) 40(+2) +500(+20) 530 10.7 X 1.4* 1 I70 1 .9  

Dipalmi toy1 y+o. I )  55(+2) +460(+:20) 560 7 . 7  x 10'6 1 . 0 5  1170 29.4 

glycerol 

phosphatidyl- 
ethanolamine 

Lecithin 

4 Calculated from an estimated 1106 AS volume of the interfacial phase. Calculated from an estimated 1276 A3 volume of the interfacial phase. 

philic moiety of the molecules that form the monolayer. The sub 
sequent increase of the surface pressure could then be rationalized 
as reflecting the subscquent interactions of the hydrocarbon chains 
with the hydrophobic moiety. 

The hydrophilic region of the dipalmitoyl glycerol molecule does 
not have an ionic charge. However, the two fatty acid ester linkages 
and an alcoholic group give a high electronic density to this region. 
It can be assumed that the positively charged or negatively charged 
surfactant-ion polar head tends to be. attached by ion-dipole inter- 
actions to this region. It is noted that the percentage of mcthylene 
groups in close contact with the hydrophobic region of the mono- 
layer apparently is independeni of the charge of the surfactant ion 
(64 and 58%) (Table I). 

The hydrophilic zwitterionic group of dipalmitoyl phosphatidyl- 
ethanolamine is fully charged at the experimental conditions (pH 
6.0-6.5). Its coplanarity with the plane of the interface (18-21) 
produces an atiractive potential between vicinal molecules which 
keeps the monolayer closely packed (Table 11). The strong P - N +  
electrostatic interaction jointly with the attractive potential between 
neighboring molecules should produce a rigid structuring of the 
monolayer in this case where any net charge is essentially negligible. 
Thus, it is understood that the calculated percentage of methylene 
groups in close contact with the hydrophobic region of this mono- 
layer is similar to that of the nonionic dipalmitoyl glycerol (Table 
11). 

The hydrophilic rwitterionic group of dipalmitoyl lecithin is 
similarly charged in the experimental conditions and should show a 
similar rigid structure. [The studies on the conformation of this 
group have resulted in much disagreement. The zwitterion has been 
considered oriented with its axis parallel to the plane of the inter- 
face (1, 14. 16-19), perpendicular (19. 20). or at  some unlocalized 
intermediate position (23). On the basis of the apparent dipole 
moment measured ( I ,  14) on monolayers spread at the air-water 
interface, it will be assumed in the following discussion that the 
zwitterionic group of dipalmitoyl lecithin is oriented with its axis 
purullel to the plane of the interface.] 

However, i t  can be argued that the dipalmitoyl lecithin mono- 
layer would be less closely packed at the air-water interface than 
that of dipalmitoyl phosphatidylethanolamine (Table 11) because 
of the shielding effect of the positively charged amino group by the 
three methyl groups that decreases the attractive potential between 
neighboring molecules or because of the lack of hydrogens that 
would promote hydrogen bonding. Accordingly, a less rigid struc- 
tural organization of this monolayer can be expected as compared 
with the dipalmitoyl phosphatidylethanolamine and has b e p  
shown experimentally as indicated by the comparison of the A *  
molecule-' in Table 11. 

The calculated percentage of methylene groups of the surfactant 
hydrocarbon chain supposedly in close contact with the hydro- 
phobic region of the dipalmitoyl lecithin monolayer differs markedly 
with the nature of the charge of the surfactant polar head. This 
contrasts with the other two monolayers. It can be assumed that 
the first step of the interaction involves the attachment of the 
negatively charged polar head of the surfactant to the positively 
charged trimethylammonium group of the P-N ionic dipole. Such 
an attachment could produce a change in the dipole orientation 
toward the perpendicular position that would displacc the tri; 
methylammonium group of the phosphatidylcholinc moiety 5 A 

farther below the hydrophobic region of the dipalmitoyl lecithin 
molecules. 

The phosphate group of the P--N dipole constitutes the hinge for 
this change or orientation (Fig. 9 of Reference I). Consequently 
the attachment of a positively charged polar head to the hinge should 
not readily produce rotation about the hinge. However, the attach- 
ment of a negatively charged polar head to the extremq end of the 
lever could readily cause rotation about the hinge to 5 A below the 
hydrophobic portion of the dipalmitoyl lccithin molecule. The 
greater rigidity of the dipalmitoyl phosphatidylethanolamine 
molecule and its greater aninity for its neighboring molecules in the 
monolayer, as already stated, could rationalize the greater resistance 
to such a change in the steric position of its P--N axis. The fact that 
space-filling models show that a 5-A lowering of the trimethylam- 
monium group subtracts two to three pairs of methylene groups of 
an attached surfactant hydrocarbon chain from the hydrophobic 
region of the dipalmitoyl lecithin molecule is consistent with this 
explanation. 

These phenomena strongly suggest that entropic factors associ- 
ated with the configuration of the molecules that form the mono- 
layer do contribute to the energies of interaction. Thus, the simplified 
assumption of a common entropy factor for such interactions 
based on collision theory on which the calculations of energies of 
activation were based (1) is most probably an oversimplification of a 
complex process. 

Surfactant-Ion Polar Head-The contribution of the sulfate 
group to the total energy of adsorption of an alkyl sulfate surfac- 
tant has been estimated to be - 1.8 kcal. mole-' at a "clean" hydro- 
carbon-surfactant solution interface (8) and 2.3 kcal. mole-' at  a 
"clean" air-surfactant solution intcrfacc ( I  I ) .  The positive value 
for the latter interface has heen attributed to the strongly hydro- 
philic nature of the sulfate group ( 1  I ) .  

The values estimated for the contribution of the sulfate group to 
the total energy of activation of the interaction of alkyl sulfates with 
the three lipidic monolayers studied in this work are negative in all 
cases (Table I), which seems to indicate that the interaction of this 
group takes place at  a hydrocarbon cnvironnient. 

The contribution of the trimethylammonium group to the total 
energy of adsorption of an alkyl trimethylammonium surfactant 
has been estimated to he --0.95 kcal. mole-' at a clean hydro- 
carbon-surfactant solution interface (8). From literature data (9, 
lo), a value of 2.9 kcal. mole-' for the adsorption at  a clcan air- 
surfactant solution interface can bc calculated. Again the negative 
estimated values of the contribution of the trimethylammonium 
group to the total energy of activation of the interaction of alkyl 
trimethylammonium surfactants suggest the interaction of this 
group with a hydrocarbon environment. 

The adsorption of the polar heads of the surfactant ions to a 
hydrocarbon-water interface would be in accord with the postulated 
hydrocarbon nature of the interfacial phase (Table 11). However, 
there is a discrepancy in regard to the hydrocarbon chains of the 
surfactant ion. The free energy of adsorption per methylene group 
of a hydrocarbon chain that adsorbs at  a clean hydrocarbon-sur- 
factant solution interface has been estimated to be between -0.80 
and -0.82 kcal. mole-' (6-8). At a clean air-surfactant solution 
interface, the estimated value is bctween -0.600 and -0.625 kcal. 
mole-' (2, 8, 9. 1 1 ) .  With the exception of thc value that cor- 
responds to the alkyl trimethylammonium-dipalmitoyl lecithin 
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interaction (-0.77), the energy of activation per methylene group 
in all cases (Table I )  has been found to be much closer t o  that which 
corresponds to the adsorption of the methylene group to an air- 
water interface. 
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Absorption of Chlormadinone Acetate and 
Norethindrone from In Situ Rat Gut 

KATHLEEN S. PELZMANN 

Abstract 0 The GI absorption of chlormadinone acetate and nor- 
ethindrone was studied in a rat in sifu preparation. The data evalu- 
ated with respect to the absorption half-life in the ligated stomach 
and intestine suggest that chlormadinone acetate is absorbed slightly 
more rapidly than norethindrone and that both steroids are ab- 
sorbed to a greater extent in the intestine. The effects of bile duct 
cannulation. ethanol, and exogenous bile salts were iqvestigated. 
The presence of bile significantly altered the absorption and metab- 
olism of chlormadinone acetate. Ethanol, which was used as the 
drug vehicle, did not improve or depress the absorption of either 
steroid. Tissue accumulation experiments indicated that the jejunum 
of the intestine and the pyloric and cardiac area of the stomach 
accumulate the steroids to a greater extent than other GI tissues. 
Both compounds exhibited biexponential absorption with signifi- 
cant membrane accumulation. 

Keyphrases 0 Chlormadinone acetate and norethindrone-ab- 
sorption from in siru rat gut 0 Norethindrone and chlormadinone 
acetate-absorption from in situ rat gut Absorption, Gl-nor- 
ethindrone and chlormadinone acetate, iir siru rat gut 

Although the oral administration of steroids is com- 
mon today, relatively little is kncjwn about their GI 
absorption characteristics. Most published studies 
measure absorption indirectly by plasma or urine levels 
of a steroid and its metabolites. The present investi- 
gations were undertaken to study the GI absorption of 
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two progestins, chlormadinone acetate and norethin- 
drone, and to develop an animal model for these studies. 

Some investigators have used the in oirro rat intestine 
preparation (1, 2) or the everted intestinal sac method 
(3, 4). The absorption rates measured in these experi- 
ments are not influenced by blood and blood pressures, 
lymph, nerves, and GI secretions. Levine el a/. ( 5 )  re- 
ported the loss of structural integrity and cellular death 
occurring in the intestinal mucosa within 10-15 min. 
after the preparation of an everted intestine. Conse- 
quently, the only observation that can be made is the 
movement of drug across a semiviable membrane. 

Searching for a less traumatic intestinal preparation, 
Schanker e f  a/. ( 6 )  used in sifu perfusion techniques con- 
sisting of a single pass or a recycling of the drug solu- 
tion through the cannulated intestine. Doluisio e f  a/. (7) 
described an in situ technique with duodenal and ileal 
ends of the intestine cannulated with L-shaped cannulas. 
Stopcocks and syringes were attached to both cannulas 
for instilling and sampling the drug solution. Although 
Doluisio el ul. reported very reproducible results, this 
preparation was found cumbersome by the present 
author. 

Only a few experiments involving steroid intestinal 
absorption in animals have been published. Symchowicz 
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