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The DPPC + DOPC liposome is probably not an 
adequate model of the more complex biological bilayer. 
However, the formation of separate lipid domains. as in 
the DPPC + DOPC liposomes [28], may represent lipid- 
lipid relationships characteristic of some biomembranes 
[24,29-311. The fact that tricyclic antidepressants interact 
differently with DPPC + DOPC liposomes than with either 
DPPC or DOPC liposomes suggests the possible import- 
ance of phase boundary regions as possible sites for drug 
effects. 

The results of our study indicate that the tricvclic anti- 
depressants, nortriptyline- and protriptyline, perturb the 
DPH-labeled bilavers of DPPC + DOPC lioosomes but do 
not perturb the DPH-labeled bilavers of DPPC. DPC. or 
egg PC liposomes. Nortriptyline- and protriptyline-induced 
perturbations of the bilavers of DPPC + DOPC liuosomes 
occurred at concentrations that are similar to the con- 
centrations of nortriptyline and protriptyline that perturb 
lymphocyte membranes [ 111. In addition. nortriptyline and 
protriptyline decreased the transition temperature of the 
lipids in DPPC + DOPC liposomes. 

In contrast, desipramine and imipramine quenched the 
fluorescence emission of DPH in DPPC + DOPC and egg 
PC liposomes at concentrations similar to those con- 
centrations of desipramine and imipramine that quenched 
DPH fluorescence emission in murine lymphocytes. The 
concentrations of desipramine and imipramine that quen- 
ched DPH fluorescence were also similar to the con- 
centrations of nortriptyline and protriptyline that perturbed 
the phospholipid bilayers of liposomes and lymphocytes. 
Other methods will be required to determine the presence 
of desipramine and imipramine effects on the lipids of 
DPPC + DOPC liposome and lymphocyte membranes. 
Finally, desipramine and imipramine did not alter the 
fluorescence anisotropy or lifetime of DPH in DPPC 
liposomes. 
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Effect of uncharged anesthetics on ion binding to liposome surfaces 

(Receiued 28 May 1984; accepted 10 October 1984) 

Calcium binds more strongly to negatively charged lipid lipids. Binding probably occurs via electrostatic interactions 
surfaces (phosphatidylserine) than to electrostatically between the positively charged ion and the negatively 
neutral phospholipids (phosphatidylcholine) [l]. Trivalent charged phosphate oxygen of the phospholipid or the car- 
praseodymium. however, strongly binds to both types of boxylic group of phosphatidylserine. As reported recently, 
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positively charged drugs when incorporated into liposomes 
decrease binding of calcium by electrostatic repulsion [2]. 
By NMR techmques we observed that uncharged benzo- 
Caine. known as a surface local anesthetic, also influences 
praseodymium binding to phosphatidylcholine liposomes 
[3]. In this communication we compared the effect of the 
uncharged local anesthetic benzocaine and of the uncharged 
inhalation anesthetics halothane and enflurane on ion bind- 
ing to liposome surfaces. using laser Doppler electro- 
phoresis. 

Materials and methods 
Phosphatidylcholine was purified by column chroma- 

tography. phosphatidyl-l-serine was purchased from 
Serdary. Benzocaine and halothane were from Hoechst and 
enflurane from Abbott. For the preparation of benzocaine 
containing liposomes the drug was dissolved in chloroform 
and added to the phospholipid sample (also in chloroform) 
before evaporation of the solvent. The concentration was 
5 mM in the final buffer solution. Halcthane and enflurance 
(5 mM) were equilibrated in the buffer (1 mM KCI, 1 mM 
glycine. pH 7) for one hour by vigorous stirring in a stop- 
pered flask. This medium then was added to the dried 
phospholipids. The procedure for the preparation of the 
liposomes as well as the method for measuring elec- 
trophoretic mobilities and all other technical details have 
been described previously [4]. 

Values are means of three experiments with a maximum 
variation of 4%. 

Results and discussion 
The results of this study are summarized in Fig. 1. Cal* 

and Pr’- decrease the electrophoretic mobility of charged 
liposomes by binding to the surface and neutralizing nega- 
tive surface charges. The effect of Pr’* is stronger than that 
of Ca’-. At small ion concentrations surface charges are 
neutralized and at higher concentrations of Pr” the lipo- 
somes become positively charged. Binding of Pr’* to elec- 
trostatically neutral liposomes (phosphatidylcholine) is 
stronger than of Ca” (the effects of Ca” are not shown 
here, see also ref. 1). Benzocaine antagonizes binding of 
Pr”- and Ca’- to phosphatidylcholine liposomes, containing 
10% phosphatidylserine. The same effect is observed for 
Pr” in phosphatidylcholine liposomes. Higher concen- 
trations of the ions are needed to obtain the same change 
in electrophoretic mobility. Similar effects have been 
observed with charged local anesthetic drugs [4]. Benzo- 
Caine with a pK of 2.5 is more than 99.99% uncharged at 
pH 7. Therefore the results cannot be related to a charge 
effect. With a lipid/buffer partition coefficient of 145 
(phosphatidylcholine plus 10% phosphatidylserine in 1 mM 
KCI. 1 mM glycine, measured spectrophotometrically 
according to [5]) benzocaine is strongly dissolved into the 
lipid phase. From the partition coefficient value one ben- 
zocaine molecule per 5 lipid molecules in the liposomes 
was calculated. In a previous NMR study we came to 
the conclusion that benzocaine must be located near the 
glycerol backbone between the lipid acyl chain at C, and 
CZ of the phospholipids [3]. Altering intramolecular ener- 
getics, the phospholipid head group configuration is 
changed and binding of di- and trivalent ions is affected 

[61. 
The two inhalation anesthetics halothane and enflurane 

act in a different way. With concentrations of 5 mM we 
could not observe any effect on drug binding to charged or 
uncharged liposomes. Also different application methods 
(either directly added to the Nz dried lipids before 
emulsion. or added to the buffer suspended liposomes 
before sonication) gave the same results. The partition 
coefficients could not be measured by spectrophotometric 
methods but are found in the literature to be for enflurane 
98 [7] or 120 ]8] and for halothane 224 [7] or 330 [8], 
determined for oil/water. These partition coefficients are 
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Fig. 1. Electrophoretic mobility of phosphatidylcholine and 
phosphatidylcholine plus 10 mole% phosphatidylserine 
(0.3 mg lipid/ml buffer) liposomes as a function of ion 
concentration. A, phosphatidylcholine - Pr7+; 0, phos- 
phatidylcholine plus 10% phosphatidylserine - Pr’+; 0, 
phosphatidylcholine plus 10% phosphatidylserine - Cal’. 
The filled symbols represent the data for benzocaine con- 
taining liposomes. Buffer: 1 mM KCI, 1 mM glycine, pH 7. 

in the range of that of benzocaine or even higher so that 
the effects of both groups of drugs can be compared. The 
oil/gas partition coefficients of the inhalation anesthetics 
are similar to those given above, which clearly demonstrates 
that most of the drug is still retained in the lipid phase [8]. 
The lack of effect therefore cannot be attributed to a low 
lipid concentration of the inhalation anesthetics. As the 
liposome size distribution is not changed by benzocaine 
or inhalation anaesthetics when measured by laser light 
scattering (in the absence of electric field) the distinct 
effects also cannot be due to different changes in the 
physical properties of the liposomes. 

Benzocaine and halothane are about equieffective in 
blocking nerve conduction [9]. This effect can be antag- 
onized by pressure. Our results with liposomes indicate 
different mechanisms of action than membrane expansion, 
which is postulated for biological tissues. Inhalation anaes- 
thetics are known to partition preferentially into the hydro- 
carbon core of the lipid bilayer [lo]. Being further away 
from the polar head group region than benzocaine their 
effect on head group configuration and therefore on ion 
binding is less. 
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Localization of diethylstilbestrol metabolites in the mouse genital tract 

(Receiued 11 July 1984; accepted 10 September 1984) 

Diethylstilbestrol (DES*), a potent estrogen and reported 
transplacental carcinogen [2], is biotransformed to a variety 
of metabolites in several animal species and also in humans 
[3]. The oxidative metabolism of DES affects its hormonal 
activity [4] and may also be of importance for its car- 
cinogenicity. as it has been proposed that DES is bioac- 
tivated to reactive intermediates in analogy to chemical 
carcinogens [5, 61. Of particular interest in this respect is 
the peroxidase-catalysed metabolism of DES, which leads 
to Z,Z-dienestrol (Z,Z-DIES) via a reactive semiquinone 
and quinone [7]. Peroxidative activity has been demon- 
strated in tissues depending on estrogens for growth, and 
these enzymes can be induced by estrogens [a]. Recently. 
it has been shown that the mouse fetal genital tract, a 
known in oiuo target organ for the hormonal and car- 
cinogenic activity of DES, can metabolize DES to Z,Z- 
DIES when maintained in organ culture (91. However, it 
is unknown whether Z,Z-DIES or other oxidative DES 
metabolites are formed in the mouse genital tract under in 
viuo conditions. Therefore. the present communication 
reports on a study of the metabolites of DES in the mouse 
genital tract in sifu. 

Marerials and methods 

Monoethvl-2-“C-DES (sp. act. 56 mCi/mmole. The 
Radiochemical Centre. Amersham. U.K.) consisted of 
66.9% E-isomer and 33.1% Z-isomer with no impurities 
detectable at a level of 0.2% by radio-HPLC and radio- 
TLC. Reference compounds E-DES and its mono- 
glucuronide and monosulphate. Z-DES, l-HO-E-DES. 4’- 
0-CH?-E-DES. Z.Z-DIES and l-HO-Z.Z-DIES [9-l l] 
were characterized by mass spectrometry and their reten- 
tion times in HPLC and GLC as previously described 
[3. 121. 

Female CD-l mice (Charles River France S.A., Cleon, 
France) were at the age of 6 weeks. Ovariectomy was 
carried out under anesthesia with Nembutal (Abbot AG. 
Ingelheim. F.R.G.) 5 days prior to the experiments. For 
estrogen pretreatment. DES (40 &kg b.w.) was injected 
S.C. as a solution in tricaprylin (Carl Roth OHG. Karlsruhe. 
F.R.G.) daily for 3 days prior to the experiment. Controls 
received tricaprylin only. All animals were injected i.v. 
(tail vein) with lJC-DES dissolved in propan- 1.2-diol (1 ,ug/ 
nl) at a dose of 1 .h u&/g b.w. 

The animals w’ere sacriticed by decapitation and the 
vagina, cervix. and uterus removed. Half of the tissue 
from each animal was used for the extraction of DES 

* Nomenclature of DES and metabolites according to 
the system of Metzler and McLachlan [I]. 

metabolites. the other half to determine peroxidase 
activity. Metabolites were extracted from the tissue hom- 
ogenate by precipitation with ethanol and successive wash- 
ing of the prectpitate with ethanol, diethyl ether/ethanol 
3: 1 (v/v). and diethyl ether as previously described (5.71. 
The residue of the combined extracts was dissolved in 40 ,ul 
ethanol for HPLC analysis. Non-extractable radioactivity 
bound to the sediment was determined by liquid scin- 
tillation counting after combusting an aliquot of the air- 
dried precipitate in a Packard 306 Sample Oxidizer. Per- 
oxidase activity was solubilized from the tissues and detcr- 
mined as described by Lyttle and DeSombre [8]. using 
guaiacol as the substrate. 

The tissue extracts containing the metabolites were sep- 
arated by reverse-phase HPLC as reported previously [ 121. 
The retention times were 5-8 min for conjugated metab- 
olites. 15.8 min for I-HO-Z.Z-DIES. 18.3 min for l-HO- 
E-DES, 23.2min for E-DES, 2J.hmin for Z.Z-DIES. 
26.4 min for Z-DES, and 29.1 min for -I’-0-CHJ-E-DES. 
The column eluate was collected in 0.4 ml fractions and an 
aliquot of each fraction used for radioactivity measurement 
in a Packard Tricarb 3390 liquid scintillation counter with 
automatic,external standard (Packard Instruments. Frank- 
furt. F.R.G.). 

Results 

In order to identify the DES metabolites present in the 
uterus of the intact. estrogen-induced mouse in sifu and to 
determine their concentrations at different time points, a 
single dose of “C-DES was i.v. injected into h-week-old 
intact mice pretreated with unlabelled DES for 4 days. 
After 15. 30 and 60 min. the animals were sacriliced. the 
uteri removed. and DES and its metabolites extracted. The 
highest amount of extractable uterine radioactivity was 
found after 15 min (Table 1). The amount of non-cxtract- 
able radioactivitv did not exceed 3 pmole/g wet weight and 
did not differ significantly between animals sacrificed at 
different time points. 

The extractable radioactivity was analyzed by radio- 
HPLC (Table 1). Besides small amounts of glucuronide or 
sulphate conjugates. which were not further identified. two 
metabolites of DES were present in the uteri as identified 
by cochromatography with authentic reference compounds: 
Z.Z-DIES and J’-0-CH,-DES. Both mctabolites were 
found in the same relative amounts (approximately 9Gp and 
5%. respectivelv) at all time points studied. 

In a control experiment. “C-DES (200 pmole) was added 
to a freshlv obtained mouse uterus prior to homogenization. 
and the tissue processed as usual. Traces of Z.Z-DIES 
(1.5%) but no other mctabolitcs (limit of detection O.(lSo~) 


