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Abstract-Binding of chlorpromazine and imipramine to liposomes of various synthetic lipids was 
investigated by equilibrium dialysis, dual-wavelength photometry, and fluorimetry. As proved by equilibrium 
dialysis, liposomes of all investigated lipids bound chlorpromazine to a greater extent than imipramine. At 
temperatures above the lipid phase transition the membranes bound more of both drugs than they did below. 
These results were confirmed by dual-wavelength photometry at low drug concentrations. Chlorpromazine 
and imipramine fluidized lipid bilayers below their transition temperatures. Less imipramine bound to 
positively charged liposomes as compared with membranes of zwitterionic phosphocholine. This emphasizes 
the importance of ionic interactions for the binding of imipramine to lipid membranes. Chlorpromazine 
binding, however, was little affected by ionic interactions. Both chlorpromazine and imipramine had the same 
effect on the fluorescence of I-anilino-%naphthalene-sulfonate (a probe for the polar part of the membrane), 
whereas the fluorescence of perylene (a probe for the inner hydrocarbon region of bilayers) was quenched by 
chlorpromazine but not by imipramine. From the results obtained with the three complementary methods it is 
concluded that chlorpromazine binds to the surface df membranes and also penetrates into the inner 
hydrocarbon phase of the bilayer, whereas imipramine only binds near the surface of the liposomes. 

Chlorpromazine (CPZ) and imipramine (IP) are 
known to bind to biological membranes [ l-71 which 
may be a site of pharmacological action [ 8, 91. CPZ 
expands membranes [6, g-111, and both CPZ and 
antidepressant drugs like IP and desipramine affect the 
phase-transition of lipid membranes [4, 8, 121. Al- 
though the mechanism of binding and the localization 
of these drugs in the membrane is still controversial 
there is enough evidence that lipids are important bind- 
ers [2, 4, 5, 7, 13-151. It has been suggested that the 
pharmacological action of CPZ could be due to physi- 
ochemical changes in the lipid part of membranes [91. 

The aim of the present study is to characterize the 
interaction of CPZ and IP with defined membrane 
systems composed of synthetic lipids. Lipids with dif- 
ferent polar head groups (phosphocholines, O-methyl- 
phosphocholine, phosphatidic acid) and with fatty acid 
moieties of varying chain length or degree of unsatura- 
tion were used. 

Four methods were used to characterize the binding 
of the drugs to liposomes: 

Equilibrium dialysis yields the total amount of drug 
bound by the liposomal membranes. However, no con- 
clusions as to the site and mechanism of the binding can 
be drawn. 

The transfer of CPZ from a polar to a nonpolar 
environment leads to a red shift of the u.v.-spectrum of 
CPZ. The consequence of this shift is a difference 
spectrum of CPZ bound to the membrane compared 

*Present address: Central Laboratory, Swiss Red Cross, 
Blood Transfusion Service, Wankdorfstrasse 10, CH-3000 
Beme 22, Switzerland. 

with CPZ free in aquwus solution [2, 161. This spec- 
tral difference can be measured by dual-wavelength 
photometry [ 171. The difference in absorbance AA in- 
creases with the amount of CPZ bound to the lipid 
membranes [ 21. The advantage of dual-wavelength 
photometry as compared with equilibrium dialysis is 
the high sensitivity: CPZ concentrations as low as 
10m6 M give measurable signals. 

Perylene is a marker of the interior hydrocarbon 
phase of lipid bilayers [ 181. If the drugs quench the 
fluorescence of petylene they must be located near the 
marker [ 181, i.e., in the interior of the membrane. The 
fluorescence of perylene increases sharply at the transi- 
tion temperature of a membrane [ 191. Thus, it would be 
possible to observe drug-induced phase-transition of 
the lipid. 

ANS is a probe for the methylene groups near the 
polar surface of a membrane [ 18, 201. CPZ and IP 
enhance the jluorescence of ANS in .biological mem- 
branes [ 3, 14, 2 11 by increasing -the quantum 
yield [ 141. ANS fluorescence too shows marked anom- 
aly in the temperature region of the lipid phase-transi- 
tion (221. 

MATERIALS AND METHODS 

Reagents. The synthetic lipids (analytical grade) 
were purchased from Fluka, Buchs, Switzerland. 
Chlorpromazine was a gift from Bayer (GFR), imipra- 
mine from Ciba-Geigy, Basel, Switzerland. [ “C]-Imi- 
pramine and [ %I-chlorpromazine were purchased 
from The Radiochemical Centre, Amersham, UK. Per- 
ylene (Fig. 1) was purchased from Aldrich Europe 
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The wavelengths were set at 246 and 263 nm and the 

0 0 
88 

absorbance differences 

0 0 
measured. This difference is the maximum in the differ- 
ence spectrum of CPZ in the presence of lipids 121. One 
compartment of a quartz tandem mixing cuvette (total 
path length 0.87 cm) was filled with liposomes in 
buffer, the other with a solution of CPZ in buffer. AA 
was measured and set as U, = 0. After mixing the 
solutions the difference in absorbance to A.4, was 
measured as AA. The suitable concentration range of 
CPZ was 1 to about 100pM. Totally independent 
duplicate experimental series were carried out. 

Fig. 1. Formula of the fluorescent probe, Perylene. 

(Belgium), 8-anilino- I-naphthalene-sulfonate (ANS) 
from Fluka. Phosphate buffer 0.05 M with 0.1 M KCI, 
pH 7.4 (unless otherwise stated) was used throughout. 
All reagents were of analytical grade and were used 
without further purification. 

Fluorimetry. Fluorescence measurements were per- 
formed with a Hitachi Perkin-Elmer MPF 3 Spectro- 
fluorimeter. 1 ml Polystyrene cells were used. 0.5 ml of 
liposome suspension were mixed with 0.5 ml of a drug 
solution of appropriate concentration. The excitation 
wavelength for the experiments with ANS (50 PM) was 
3 8 1 nm, the emission wavelength 470 nm. The experi- 
ments with perylene (0.25 PM) were performed at 4 13 
and 473 nm respectively. Fluorescence of CPZ, IP and 
liposomes alone in solution were negligible at the above 
conditions. The results were expressed in arbitrary 
units relative to the maximum fluorescence of the 
marker in each series of experiments. Totally independ- 
ent duplicate experimental series were carried out. 

Preparation if liposomes. Liposomes were made of 
an appropriate amount of lipid or lipid mixture to 
obtain a final concentration of 150 PM lipid in buffer. 
The lipid solution was sonicated 20 min by an MSE 
150 W sonicator (diameter of the tip: 19 mm) above 
the transition temperatures of the liposomes. If neces- 
sary, the solution was cooled during sonication and 
bubbled with nitrogen (unsaturated lipid). After sonica- 
tion titanium particles were removed by centrifugation 
at 3000 rev./min. If necessary, liposomes were stored 
above their transition temperature. ANS-labelled lipo- 
somes were made by adding ANS to a final concentra- 
tion of 50 PM before introducing the lipid in buffer. In 
order to label the liposomes with perylene, the dry lipid 
was dissolved in a chloroform solution of perylene and 
the solvent removed by a stream of nitrogen. Buffer was 
then added and the solution sonicated as described. 

Equilibrium dialysis. Dialysis experiments were car- 
ried out according to Weder et al. 123, 241 with a 
Dianorm apparatus. Visking cellulose membranes of 
25 pm thickness and a pore diameter of l-2 nm were 
used to separate the 1 ml dialysis chambers. Time to 
reach equilibrium was 2+ to 4 hr. No corrections were 
made with respect to loss of drug due to adsorption at 
the membrane or walls of the chambers. The concentra- 
tion of IP was measured by counting the radioactivity 
of [ ‘%I-IP in both chambers with a Packard Tri-Carb 
liquid scintillation counter. CPZ was measured colori- 
metrically [ 25, 261 or by counting the radioactivity of 
[%I-CPZ. 

Equilibrium dialysis. Figures 2-4 illustrate the im- 
portance of the physical state of the lipid bilayer for the 
binding of CPZ and IP. Liposomes of 1,2-dipalmitoyl- 
sn-glycero-3-phosphocholine with a transition temper- 
ature of 37O [ 271 bound more CPZ or IP above their 
transition temperature than below (Figs. 2 and 3). 
Results with liposomes of other lipids are summarized 
in Table 1. More CPZ than IP was bound per mole of 
lipid at temperatures both below and above the phase 
transition of 1,2-dipalmitoyl-sn-glycero-3-phospho- 
choline (Figs. 2 and 3). This was also the case with 
positively and negatively charged liposomes (Figs. 5- 
7). 

The amount of bound ligand was calculated as follows: 200. 

z 
3 150. 

where c, b, c, f : concentration of bound and free 
ligand and cL o : total ligand concentration. 

a,= 2a,, +aLfra,=aLfr 
E ‘@J i 

where a,, a,. . measured signal (radioactivity, absorb- 
ance) in the left (liposome) and right (ligand) chamber; 

aL b ) aL f : signal of bound and free ligand; and aL o : 
signal of the total ligand concentration. 

a,-aa,=2a,,,a,+a,=2a,,,, 

(a, - a,/% + a,) CL 0 = cL b . 

Dual-wavelength photometry. Absorbance differ- 
ences were measured with a Perkin-Elmer 156 Dual- 
wavelength photometer with a thermostated cell holder. 

action above &d below the transition temperature (equilib- 
rium dialvsis). Lioosomes: 340 j&4 1,2-dipalmitoyl-sn-gly- 
cero-3-phkphochbline, transit& tempeiature 37” 1271. 
pH = 7.4.0 21”, A 37”, 0 50”. Each point is the median of 

four experiments. 

RESULTS 

Fig. 2. Binding curves of the chiorpromazine liposome inter- 
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Fig. 3. Binding curves of the imipramine liposome interac- 
tion above and below the transition temperature (equilibrium 
dialysis). Liposomes: 150 PM l&dipalmitoyl-sn-glycero-3- 
phosphocholine, transition temperature 37’ 1271. pH 7.4. 0 
22O, A 50°. Each point is the median of three experiments. 
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Fig. 4. Binding curves of the chlorpromazine liposome inter- 
action at different temperatures below the transition tempera- 
ture (equilibrium dialysis). Liposomes: 340 PM 1,2-dis- 
tearyl-sn-glycero-3- phosphocholine, transition temperature 
5 1” 1271. pH 7.4. n 37’, 0 42’. Each point is the median of 
four experiments. The curves at 22O, 27”, 32’ are identical to 

the 37’ curve. 
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Fig. 5. Binding curves of the interaction of chlorpromazine 
and positively charged liposomes at different pH-values 
(equilibrium dialysis). Liposomes: 340 PM l,Zdipalmitoyl- 
sn-glycero-3-O-methylphosphocholine. 37O. 0 pH 7.4,A pH 

Fig. 7. Binding curves of the interaction of chlorpromazine 
and imipramine with negatively charged liposomes (equilib- 
rium dialysis). Liposomes: 120 PM l,Zdipalmitoyl-sn-gly- 
cero-phosphocholine + 30 PM 1,2-dipalmitoyl-sn-glycero- 
phosphatidic acid. 3 7’, pH 7.4. A chlorpromazine, 0 imipra- 

6.0. Each point is the median of four experiments. mine. Each point is the median of three experiments. 
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Fig. 6. Binding curves of the interaction of imipramine and 
positively charged liposomes at different pH-values (equilib- 
rium dialysis). Liposomes: 150 pM 1,2-diplamitoyl-sn-gly- 
cero-3-O-methylphosphocholine. 37”. 0 pH 7.4, A pH 6.0. 

Each point is the median of three experiments. 

Binding of CPZ to liposomes of some other phos- 
phocholines was investigated. The amount of bound 
drug was found to be dependent only on the physical 
state of the lipid, but not on the chain length or double 
bonds of the hydrocarbon chains (Table 1). 

The charge of the lipid membrane had a pronounced 
effect on the binding of CPZ and IP. At pH 7.4 
positively charged liposomes of 1,2-dipalmitoyl-sn-gly- 
cero-3-0-methylphosphocholine bound a much smaller 
amount of IP than did liposomes of the corresponding 
zwitterionic phosphocholine at 37O (Figs. 3 and 6). In 
contrast, CPZ was bound by the positively charged 
liposomes to the same extent as by the zwitterionic 
liposomes above the transition temperature (Figs. 2 and 
5). Binding of both CPZ and IP to positively charged 
liposomes increased with pH elevation from 6.0 to 7.4 
(Figs. 5 and 6). 

Binding of CPZ and IP to negatively charged lipo- 
somes (80% 1,2-dipalmitoyl-sn-glycero-3-phospho- 
choline and 20%-3-phosphatidic acid) is shown on Fig. 
7. CPZ seemed to reach a range of binding saturation 
(below 500 PM), whereas this was not the case with IP 
up to a concentration of 720 PM (Fig. 7). 
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Table 1. Interaction of CPZ with various phospholipids above and below phase transition 
temperature 

Method 

Equilibrium 
dialysis 

Binder 

dioleyl-PC 
dilauroyl-PC 
dimyristoyl-PC 
dipalmitoyl-PC 

*Transition Experimental Binding 
temperature temperature curve 

-14 31 
0 31 

Fig. 2 

21 24,30,3-l, 45,55,60 upper 

37 31, 50 
curve 

Dual wavelength 
photometry 

dioleyl-PC -14 
dimyristoyl-PC 21 
dipalmitoyl-PC 31 

22 Fig. 8 
37 upper 
50 curve 

dipalmitoyl-PC 31 22 Fig. 8 

distearyl-PC 51 32 lower 

dipalmitoyl-PA 22 curve 

* [ 271. All temperature in “C. Liposome composition: PC; 1,2-dialkyl-sn-glycero-3-phos- 
phocholine; PA; 33%.phosphatidic acid +679/o-phosphocholine. 

cL(o) (/Ml 

Fig. 8. Spectral change of chlorpromazine in the presence of liposomes below and above the transition 
temperature (dual-wavelength photometry). Liposomes: 150 PM 1,2-dipalmitoyl-sn-glycero-phophocho- 

line, transition temperature 37” [27]. pH = 7.4. l 22”, 0 50°. Each point is one measurement. 
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Fig. 9. Quenching of fluorescence of perylene incorporated in liposomes by chlorpromazine and imipramine. 
Liposomes: 150 PM 1,2-dilauroyl-sn-glycero-3-phosphocholine. 37”. pH 7.4.0 chlorpromazine, 0 imipra- 

mine. Each point is one measurement. 
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Fig. 10. Fluorescence of ANS incorporated in liposomes in 
the presence of chlorpromazine, 37”, pH 7.4.0 1.50 _uM 1,2- 
dioIeyl-sn-glycero-3-phosp~~hol~e. 0 100 FM 1,2 -dipal- 
mitoyl-sn-glycero-3-phosphocholine +50@% 1,2-dipal- 
mitoyl-sn -glycero- phosphatidic acid. Each point is one 

m~urement. 

~~~f-~~vefe~g~~ p~o~orne~~. Figure 8 shows the 
dependence of the spectral change of CPZ on the 
fluidity of the liposomal membrane. In accordance with 
the binding experiments performed by equilibrium di- 
alysis a higher absorbance difference was observed 
when the lipid was in the liquid-crystalline state as 

compared with the gel state. Results with various lipids 
are summarized in Table 1. 

Ffuorimetry. Changes of the fluorescence of the 
probe rather than absolute fluorescence values were 
measured in the experiments with fluorescent probes. 

With the fluorescent probe. perylene, the same re- 
sults were obtained with liposomes of any lipid or lipid 
mixture investigated. The fluorescence of perylene in- 
corporated in the saturated 1,2-dilauroyl- 1.2.dipalmi- 
toyl-, the unsaturated 1,2-dioleyl-sn-glycero-3-phos- 
phocholine, the positively and negatively charged 
liposomes mixed of 67%- I,2dipalmitoyl-sn-glycero-3- 
phosphocholine and 33% -3-0-methyl-phosphocholine 
or 33% -3-phosphatidic acid was markedly quenched 
by CPZ. but oniy weakly by IP. With all lipids men- 
tioned above the same quenching curves were obtained. 
Typical experiments are shown in Fig. 9. 

The influence of CPZ and IP on the fluorescence of 
ANS is shown in Figs. 10 and 11. Identical curves as 
with i,2-dioleyl-sn-giy~ero-3-phosphocholine shown 
in the figure were obtained with the other lipids men- 
tioned in the above paragraph, the only exception being 
the negativeiy charged liposomes of 67%-1,2-dip~mi- 
toyle-sn-glycero- 3-phosphocholine and 3 3%- 3-phos- 
phatidic acid. With this lipid mixture in the presence of 
CPZ no fluorescence increase could be detected up to a 
CPZ concentration of about 50pM (Fig. IO). In the 
presence of IP, fluorescence increase began only at a 
concen~ation of about 200pM IP (Fig. 10). 

Control experiments showed that no fluorescence of 
CPZ or IP with liposomes occured in the absence of 
fluorescence probes. Fluorescence of CPZ with ANS in 
the absence of liposomes occured only at high CPZ 
concentrations upon formation of a precipitate. How- 
ever, concentrations of free ANS and CPZ in the 
presence of liposomes did not reach this critical range, 
and no precipitate was observed within the time needed 
for performing fluorescence measurements. 

. l 
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Fig. 11. Fluorescence of ANS incorporated in liposomes in the presence of imipramine. 37”, pH 7.4. a 
150 ~ 1,2-dioleyl-sn-glycero-3-phosp~ocholine. 0 100 pM 1,2-dip~mitoyi-sn-glycero-3-phosphocholine 

+ 50 m 1,2-dip~mitoyI-sn-glycero-phosphatidic acid. Each point is one me~urement. 
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DISCUSSION 

The results indicate that binding of both CPZ and IP 
to liposomes strongly depends on the physical state of 
the lipid bilayer. Liposomes in the gel state bound less 
of these two drugs than did liposomes of the same lipid 
composition in the liquid-crystalline state (Figs. 2, 3 
and 8). The full binding capacity was reached when the 
phase transition of the membrane was reached (Fig. 
2). When the lipid is in the gel state, CPZ is able to 
enhance isotherm&Q the fluidity of a pure lipid mem- 
brane [ 8 1. The expansion of erythrocyte membranes by 
CPZ [9- 111 is also likely to result from a drug-induced 
disorder of the membrane structure. The fluidization of a 
lipid membrane below the transition temperature by 
increasing concentrations of CPZ resulted in an appar- 
ent cooperative effect in the binding of CPZ to the 
membrane (Fig. 4). However, no abrupt change of 
ANS or perylene fluorescence as a signal for a true 
phase transition [ 19, 221 could be observed (Figs. 9 
and 10). Similar effects were observed with dual-wave- 
length photometry (Fig. 8). The absorbance difference 
signal is a measure for the transfer of CPZ from a polar 
to a hydrophobic environment [ 2, 161. This signal was 
much larger when the lipid was in the liquid-crystalline 
rather than in the gel state. Apparently, CPZ can better 
penetrate into a fluid than into a rigid membrane. The 
experiments with dual-wavelength photometry comple- 
mented the results obtained by equilibrium dialysis. 
The photometric measurements (Fig. 8) were per- 
formed at a lower concentration range (l-100 PM 
CPZ) than the equilibrium dialysis experiments (Xl- 
700pM CPZ). As in the high concentration range, 
sharp discontinuities in the binding of CPZ to lipo- 
somes did not occur. 

Differences were observed in the binding of CPZ and 
IP to zwitterionic phosphocholines. More CPZ than IP 
was bound per mole of lipid (Figs. 2 and 3). When the 
results of the zwitterionic (Figs. 2 and 3) and the 
positively charged lipids (Figs. 5 and 6) at pH 7.4 
above the transition temperature are compared, a 
marked difference between CPZ and IP emerges. CPZ 
was bound by both zwitterionic and positively charged 
liposomes to the same extent (Figs. 2 and 5). The 
amount of bound IP, however, was much smaller in the 
presence of a positively charged membrane as com- 
pared with a neutral one (Figs. 3 and 6). This fact 
suggests that the positive charge on the bilayer surface 
is a more potent repulsive force for IP than for CPZ at 
pH 7.4 or that binding sites for CPZ exist which are not 
affected by ionic foroes. This second suggestion would 
be compatible with the fact that binding of IP was 
weaker than that of CPZ with any membrane investi- 
gated in this study. These findings agree with the results 
of the fluorescence experiments discussed below. At pH 
6.0, where the ionization of IP and CPZ is higher than 
at pH 7.4, the binding of CPZ to positively charged 
liposomes is also reduced (Fig. 5). 

In the case of negatively charged liposomes the 
results are less easily explained. The amount of CPZ 
bound per mole of negatively charged lipid was higher 
than per mole of zwitterionic or positively charged 
lipids (Figs. 2, 5 and 7). The CPZ cation seems to bind 
easily to negatively charged membranes. In contrast to 
CPZ, the binding curve of IP and negatively charged 
liposomes rose only at a concentration of about 

200 PM (Fig. 7) The concave shape of the curve sug- 
gests a positive cooperative effect. 

These results are in agreement with the results ob- 
tained by the experiments with the fluorescence probe, 
ANS. When ANS was incorporated into negatively 
charged liposomes a no-effect concentration range 
could be observed (Fig. 10) In this range practically no 
fluorescence was measurable, i.e., no ANS seems to be 
incorporated in the membranes. At concentrations of 
about 50 PM CPZ or 200 PM IP, ANS began to emit 
fluorescent light. At these threshold concentrations, 
ANS is likely to penetrate into the lipid bilayer after the 
cationic drugs have neutralized the negative surface 
charge on the bilayer. With all zwitterionic and posi- 
tively charged lipids investigated, the enhancement of 
ANS fluorescence by CPZ and IP was identical (Figs. 
10 and 11). Since ANS is a probe located near the 

surface of a membrane [ 18, 201 it is concluded that 
CPZ and IP bind in the same way near the polar surface 
of a lipid bilayer. 

However, a difference in the binding of the two drugs 
becomes evident when the inner hydrocarbon region of 
the bilayer is observed by means of quenching of 
perylene fluorescence 1181. CPZ strongly quenched the 
fluorescence of perylene, whereas IP did so very weakly 
(Fig. 9). The strong quenching of perylene fluorescence 
by CPZ suggests that bound CPZ is located near the 
probe molecules, i.e., in the hydrocarbon core of the 
bilayer. These binding sites were found to be available 
for CPZ but not for IP, because IP did not quench the 
perylene fluorescence. As seen by the equilibrium 
dialysis experiments (Figs. 2-7) IP bound to a smaller 
extent to lipid membranes than did CPZ. There is much 
evidence from the fluorescence experiments that IP 
binds only to or near the surface of a lipid bilayer, 
whereas CPZ has additional binding sites in the interior 
of the membrane. The more planar structure of CPZ as 
compared with IP may be responsible for the fact that 
the former penetrates better into the membranes. 

The conclusions drawn in this paper are compatible 
with results on the binding of desipramine to multila- 
mellar [ 121 and single-lamellar.[291 structures of egg 
phosphocholine by nuclear magnetic resonance, and on 
&he binding of CPZ to liposomes as obtained by elec- 
tron spin resonance [ 151, and with results on the inter- 
action of CPZ with lipids 121 and fatty acids [ 161 
obtained by difference spectrophotometry. However, 
the results reported here contradict the suggestion, that 
CPZ binds to lipids at high concentrations only [ 131. 
The findings of this study agree with conclusions drawn 
from investigations made by scanning calorimetry and 
nuclear magnetic resonance [ 301. These authors found 
CPZ-induced fluidization of multilamellar membranes, 
and suggest that CPZ pentrates into the lipid bilayer. 

The three methods described in this paper (equilib- 
rium dialysis, dual-wavelength photometry, fluorime- 
try) complemented one another. By equilibrium di- 
alysis at high drug concentrations, and by dual- 
wavelength photometry at low drug concentrations, the 
overall membrane binding process could be observed. 
In the fluorimetric experiments the influence of bound 
drugs to a probe in the polar (ANS) and the hydropho- 
bic (perylene) part of the membrane could be deter- 
mined, and information was obtained about the locali- 
zation of CPZ and IP in the membrane. It is concluded 
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that both CPZ and IP bind to about the same extent 
near the polar surface of pure lipid membranes and that 
CPZ has additional binding sites in the inner part of the 
bilayer. This additional pool is suggested to be respon- 
sible for the higher overall binding capacity of the 
liposomes for CPZ as compared with IP. 

Acknowledgements-We thank Miss H. van Hees for excel- 
lent experimental work. We are indebted to Dr. E. R. Hall and 
Dr. J. Stucki for helpful discussion, to Dr. U. Honegger for 
experimental help and reading the manuscript, and to Dr. U. 
Brodbeck for making equipment available. This work was 
supported by the Swiss National Science Foundation. 

REFERENCES 

2. M. H. Bickel and H. G. Weder, Psychopharmac. Com- 

1. M. H. Bickel and J. W. Steele, Chem.-3~~. Interact. 8, 

mun. 2, 231 (1976). 

151 (1974). 

3. D. J. Birkett, Clin. exp. Pharmac. Physiol. 1,415 (1974). 
4. B. R. Cater, D. Chapman, S. M. Hawes and J. Saviile, 

Biochim. biophys. Acta 363, 54 (1974). 
5. C. di Francesco and M. H. Bickel, Chem.-3ioi. Interact. 

16, 335 (1977). 
6. W. 0. Kwant and P. Seeman, Biochim. biophys. Acfa _ 

183, 530 (1969). 
7. F. Leterrier, A. Mendyk.and J. Viret, Biochem. Phnrmac. 

25, 2469 (1976). 
8. A. G. Lee, Molec. Pharmac. 13, 474 (1977). 
9. P. Seeman and W. 0. Kwant, Biochim. biophys. Acta 

183,512 (1969). 
10. S. Roth and P. Seeman, Biochim. biophys. Acfa 255, 190 

(1972). 

11. P. Seeman, W. 0. Kwant, T. Sauks and W. Argent, 
Biochim. biophvs. Acta 183, 490 (1969). 

12. J. Bermejo, P. Femandez, F. Tato and A. Belmonte, Res. 
Commun. Chem. Path. Pharmac. 8, 201 (1974). 

13. J. Breton, J. Viret and F. Leterrier, Archs Biockem. 
Biopkys. 179, 625 (1977). 

14. J. G. R. Elferink. Biochem. Pkarmac. 26. 511 (1977). 
15. F. Leterrier and ‘R. Kersantb, Biockem. biophyi. Res. 

Commun. 63, 515 (1975). 
16. M. H. Bickel and J. RSmer, Experientia, 34, 1047 

(1978). 
17. S. Shibata, Angew. Chemie, Int. Ed. 15, 673 (1976). 
18. M. K. Jain and N. M. Wu, J. ~embraRe Biol. 34, 157 

(1977). 
19. V. G. Bieri and D. F. H. Wallach, Biochim. biophys. Acta 

389, 413 (1975). 
20. F. Podo and J. K. Blaise, Proc. natn. Acad. Sci. U.S.A. 

74, 1032 (1977). 
21. S. T. Christian, Znt. J. Neurosci. 6, 57 (1973). 
22. K. Jacobson and D. Pap~adio~ulos, ~iophys. J. 16, 

549 (1976). 
23. H. G. Weder and M. H. Bickel, 2. Analyt. Ckem. 252, 

253 (1970). 
24. H. G. Weder, J. Schildknecht and P. Kesselring, Am. 

Lab. (lo), 15 (1971). 
25. H. Auterhoff and J. Kiihn, Arch. Pkarm., BerI. 306, 241 

(1973). 

26. G. Cimbura, J. Chromaf. Sci. 10, 287 (1972). 
27. B. R. Lentz. Y. Barenholz and T. E. Thomnson, Biockem- 

istry 15, 4521 (19’16). 
28. P. W. M. Van Dijck, B. De Kruijff, L. L. M. Van Deenan, 

J. De Gier and R. A. Demel, Biockim. biopkys. Acta 455, 
576 (1976). 

29. J. Bermejo, A. Barbadillo, F. Tato and D. Chapman, 
FEBS Lett. 52. 69 (1975). 

30. J. Frenzel, K. Arnold and P. Nuhn, Biochim. biopkys. 
Acta 507. 185 (1978). 


